This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

3

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

PREFACE

The writer believes that there is a field for a comprehensive treatise dealing with motorcycles and
The growth of the motorcycle industry has been
aliied subjects, and that some technical as well as
great during the past few years, and while it has
not been as spectacular or imposing as that of its practical information will not come as the paucity of
such facts relating to motorcycle and sidecar conlarger brother, the automobile business, it has
reached proportions not generally realized except struction, operation and repair. Efforts have been
made to disease the salient points of representative
by those in the trade or the veteran riders. At a
conservative estimate, several hundred thousand domestic and foreign products and to slow clearly
motorcycles are in service in this country, and the the ii any mechanical points and distinctive constructions that abound in modern practice. The
demand is increasing as the advantages and
writer has been very fortunate in securing the coopeconomy of this efficient motor vehicle are being
eration of practically all leading manufacturers of
better realized. The design and constructional
features of the various makes are becoming stan- the motorcycle industry, and many distinctive
drawings and photographs have been furnished
dardized in some respects, though there is still
especially for his use.
considerable diversity in specific types. All follow
certain rules of practice, however, and instrucThe reader’s attention is directed to the very comtions for cure and operation apply to all standard plete information given in the last chapter on
designs.
motor overhauling which should appeal to the
rider-owner as well as the mechanic. Many speThe automobilist has been very fortunate in havcial photographs, posed in typical repair shops,
ing a large nmuber of books available that cover
illustrate this matter.
all pbuses of motoring for his instruction, and
everything desired in that field of knowledge, from
deep technical discussions to eleurentury expositions, have been offered at modest prices. The
motorcyclist, on the other hand, who desired a
general treatise or instructions on motorcycle
construction and operation, has been forced to
acquire his knowledge by much research and
reading because the books on motorcycling have
been in the nature of elementary pamphlets rather than works of any pretensions.

While some technical information and data are
given, the material, for the most part, is of a
practical nature that can easily be assimilated
and understood by anyone. The instructions
given for control, maintenance and repair should
he valuable for the novice rider, while the discussions of mechanical principles will undoubtedly
appeal to the more experienced riders, dealers
and others in the trade. The Author.
November, 1920
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Motorcycles, Side Cars and Cyclecars
CHAPTER I.
MOTORCYCLE DEVELOPMENT AND DESIGN.
Why Motorcycles are Popular How Motorcycles Developed from the Bicycle Some Pioneer Motorcycles and the Influence of
Pioneer Motorcycles on Present Design
Causes of Failures in Early Types Mechanical Failures of Early Forms The Demand for More Power Essential Requirements of Practical Motorcycles Motorcycles of Various Types Light Weight vs. Medium Weight Construction Determining Power Needed Infuence of Road Speed on Traction How Speed Affects Power Needed Effect of Air Resistance How Gradients Affect Power Required Power in Proportion to Weight Influence of Modern Automobile Practice The Modern Motorcycle, its Parts, their Functions
General Characeteristics Common to all Forms -

The motorcycle has been aptly termed the “poor
man’s automobile” and to one fully familiar with
self-propelled vehicles, this term is no misnomer.
The modern machine, with its ease of control, its
reliability, its power and speed will carry one or
two passengers more economically than any other method of transportation. Fitted with a sidecar attachment, it becomes a practical vehicle for
general use, as the body may be suited for passenger or commercial service.
The demand for motorcycles, sidecars and delivery vans has created an industry of magnitude
that furnishes a livelihood for thousands of
skilled workmen, and unmeasurable pleasure for
hundreds of thousands who would be deprived of
the joys of motoring were it not for the efficiency
and low cost of operation of the vehicle that carries them swiftly and comfortably over the highways. The development of the motor bicycle dates
back farther than that of the motor car, and it
was demonstrated to be a practical conveyance
over three decades ago, though it is only within
the past six or eight years that this single-track,
motor-propelled vehicle has attracted the attention its merits deserve.

Some Modern Motorcycle Designs
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Why Motorcycles are Popular
The automobile attracted the
attention of the public for some
time before the motorcycle becamwr generally popular, and,
as a consequence, the development of the larger vehicle was
more rapid for a time. As the
early buyers of motor cars were
of the class to which money is
no object, as long as, personal
wishes are gratified, most of the
manufacturers then building
bicycles, to whom the public
naturally looked for motorcycles,
devoted their energies and capital to the design and construction of auto-mobiles rather than
motorcycles, because the prospect for immediate profits
seemed greater in catering to
the great demand that existed
for any kind of automobile that
would run at all.

1. Motorcycle Development & Design
until an equally insistent demand
made itself felt for motorcycles, at
which time people with capital
began to consider the production
of two-wheeled vehicles with
favor. The demand for bicycles
had been diminishing for several
years, and the new type, with
motor attached, seemed to offer a
field that could be cultivated to
advantage.

The evanescent popularity of the
bicycle and the rapid rise to
almost universal use, with almost as rapid decline was construed as a warning to proceed
slowly in building motorcycles,
as many thought the future of
the motorcycle would be doubtful and that it was merely a
passing fad. The bicycle required the expenditure of considerable energy, and, while
very valuable as an exerciser, it
did not offer pleasure enough
The development of the motorfor the bulk of our population in
cycle was left to people, for the
proportion to the amount of
most part, without the requisite
engineering knowledge or manu- effort involved in making trips
really worth while. The applicafacturing facilities, so,
tion of mechanical power, hownatu-rally, the growth of the
ever, removed that objection, so
industry was of little moment
15

the only deterring factor to the
ready adoption of the motorpropelled bicycle was a lack of
confidence on the part of the
public regarding its reliability. It
was not long before the endurance and practicability of the
motorcycle was established
beyond doubt, and as soon as
the advantages began to be
given serious consideration, a
healthy demand, which is growing in importance yearly, stimulated its development from a
crude makeshift to a practical
and safe method of personal
transportation.
The motorcycle and its various
combinations with fore cars and
side cars appeals to a conservative element who consider the
cost of maintenance and operation fully as much as the initial
expense of acquiring it. The
motorcycle really has many
fundamental advan- tages to
commend it, as it has the speed
and radius of action of the mostpowerful motorcar, with a lower
cost; of upkeep than any other
vehicle of equal capacity.
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As constructed at the present
time, the motorcycle is not only
low in first cost, but its simplicity makes it an ideal mount for
all desiring motor transportation
at the least expense.
The mechanism of the motorcycle, its control and repair, are
readily understood by any person of average intelligence, and
with the improved materials and
processes employed in its manufacture, combined with the
refinement of design and careful
workmanship, a thoroughly
practical and serviceable motor
vehicle is produced which sells
at but; a slightly higher price
than the first high-grade safety
bicycles of fifteen years ago.
At the present time, the motorcycle is not only popular for
pleasure purposes, but it is
applied to many industrial and
commercial applications that
insure a degree of permanency
in popular estimation never
possible with the bicycle.

Fig. 1.-Early Model of the Daimler Motorcycle, the Parent of All Present
Day Self-Propelled Vehicles.
How Motorcycles Developed from
Bicycles
Many of the mechanics who
turned their attention to motorcycle construction were thoroughly familiar with bicycle
practice of the period and, as
considerable progress had been
made in building light machines
that possessed great strength
16

for foot propulsion, it was but
natural that the regular form of
diamond frame bicycle should
be adapted to motor propulsion
by the attachment of a simple
power plant and auxiliary devices. As a concession to mechanical power, various parts of the
in-whine, such as the front
forks, the rims and tires, and in
some cases the frame tubes
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were made slightly heavier, but
in essentials the first motorcycle
to be made commercially followed bicycle practice, and with
power plant removed, it would
be difficult to tell them from the
heavy built tourist models of
pedal cycles.
Naturally, the motor and tanks
were not always disposed to the
best advantage, and for considerable time, as the writer will
show, much thought was spent
in endeavoring to combine the
widely varying principles found
in bicycle and motorcycle practice and devise a hybrid machine composed of all the parts
of the ordinary bicycle, with the
various components of the gasoline or internal combustion
power plant disposed about the
frame at any point where attachment was possible.
The motorcycle of the present
day follows automobile principles and is radically different
from its earlier prototypes in
practically every respect except
a general family resemblance
owing to the use of two wheels,

Fig. 2.-Early Daimler Motorcycle With Countershaft Drive.

handle bar control, pedals for
starting and placing a saddle so
the rider can keep his balance
to better advantage by sitting
astride as on the bicycle.

17

Some Pioneer Motorcycles and the
Influence on Present Design.
As early as 1885, Gottlieb Daimler, who constructed the first
practical high-speed internal
combustion engine, and who, for
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this reason, is known as “the
Father of the Automobile,” obtained a patent on a two-wheel
vehicle shown at Fig. 1. This,
while not beautiful in outline,
was a practical motor-propelled
conveyance, and may be justly
regarded as the forerunner of
the modern motorcycle.

inder motor, the first multiple
cylinder conception. This original form is that from which the
modern V-engine, so widely
used at the present time for
cycle propulsion, was derived.

This creation was also the first
to be made in any considerable
number and, even at this late
day, some of the original DaimIn fact, in general arrangement
ler engines are still operated. In
of parts, this pioneer design is
this design, the cylinders were
not unlike the modern product.
inclined at 15 degrees, and
At that time, the only motor
vehicles regarded as practical or eccentric grooves turned in the
fly-wheel face were utilized to
capable of actual operation for
operate the exhaust valves,
limited distances were types
instead of the cam motion which
propelled by electric or steam
power, and it will thus be appar- is now common.
ent that Daimler’s crude motor
The cylinder was cooled by an
bicycle was not only the foundaenclosed fan wheel which suption of the motorcycle industry
plied a current of air confined
but also formed a basis for the
around the cylinder by a jacket,
development of the automobile
so the first practical high-speed
which, in its most successful
internal combustion engine was
form, employs the internal comcooled by air. This is the method
bustion motor as its source of
used almost universally in the
power.
case of the bicycle motor, even
at the present clay.
After numerous designs in
which single cylinder motors
After a time other motors applayed a part, in 1889, Daimler
peared, such as the De Dion
patented a double inclined cyl18

motor tricycles, propelled by a
small engine based on Daimler
lines, and which were more
reliable than the first steam
coaches and much superior to
the early electric vehicles in all
important essentials such as
radius of operation, cost, reliability and speed.
To Daimler must also be given
credit for the invention of the
first practical carburetor, or
device to produce a combustible
gas from liquid fuel, also an
important factor in the development of the automobile.
The first Daimler machine,
which is shown at Fig. 1, with
one side of the frame removed,
was not unlike the modern loopframe machine in important
respects.
While the wheels were placed
rather close together, the motor
placing was intelligently thought
out, and was so installed that
the center of gravity was
brought closer to the ground
than in many of the machines
which succeeded it.
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Fig 3 - The Wolfmueller Motorcycle, an Early Form of Unconventional Design
19
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The drive from the pulley on the
motor crankshaft to a larger
member on the rear wheel and
the use of a jockey pulley or belt
tightener to obtain a clutching
effect has not been altered in
principle since its first application by Daimler.
Steering was accomplished by a
steering head construction practically the same as on presentday machines.
The early form of Daimler motor
did not have very much flexibility on account of the sluggish
action of the vaporizer and the
ignition by hot tubes so the speed
was varied largely by allowing the
driving belt to slip and by applying the brake. This was done by a
controller wheel carried by a
standrd just in front of the operator’s seat. When this was rotated
in one direction, the jockey pulley
or idler was allowed to drop, so
that the belt became loose while a
spoon brake, working on the rear
wheel tire, was applied progressively as the belt tension was
diminished, and consequently the
driving power was reduced.

Fig 4 - One of the 1st De Dion-Bouton Motor Tricycles
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the improvement and construction
of motor-propelled vehicles of the
three- and four-wheel forms instead of the two-wheeler. Although
there were spasmodic efforts made
by some engineers in motorcycle
design, most of them confined their
efforts in refining the bicycle, which
at that time was just beginning to
attract attention because it offered
possibilities of almost universal
application.

Among the next of the pioneer
motor bicycles to attract attenFig. 5.-Motor Tricycle With Two Wheel Fore Carriage to Carry Passenger. tion was another German make,
shown at Fig. 3. This was constructed by Wolfmueller & GeiA later form of Daimler bicycle, in Attention is directed to the use of
senhof, of Munich, Germany. In
which a countershaft was used, is the auxiliary wheels mounted on
ordinary appearance it resemeach side of the rear driving memshown at Fig. 2.
ber to steady the machine and keep bled the conventional bicycle
The drive from the motor crankdesign intended for the use of
it upright when not in motion. The
shaft to a pulley comprising one
women though the machine had
lines of either of the Daimler mamember of the countershaft assem- chines are not unlike the forms we
exaggerated dimensions.
bly was by belt while a small spur
are familiar with, and the resemThe saddle was placed low so
gear provided a further reduction in blance is striking enough, so that
that the rider could rest his feet
speed by engaging an internal gear the parentage of the modern motoron the ground if he desired. The
attached to the rear wheel spokes.
cycle can never be questioned.
power plant was a peculiar form
It will be evident that Daimler not
which was said to develop two
Daimler, as well as Carl Benz, who
only originated the direct drive
horsepower, and which was
was working on a motor-tricycle at
motorcycle but that he was also
the time the former brought out his capable of propelling the 110responsible for the first conception
engine, next directed his energies to pound machine at speeds rangof the countershaft drive form.
21
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ing from three to twenty-four
miles per hour. The motor was
of the two-cylinder horizontal
form having the cylinder heads
at the front of the machine while
the open ends of the cylinders
pointed to the rear.
The connecting rods extended to
cranks attached to the rear wheel
axle, and the drive was direct
from the motor cylinders to the
traction member as in locomotive
practice. Ball-bearings were used
at the ends of the connecting rod
as well as supporting bearings for
the rear wheels. The fuel gas was
obtained from a vaporizer of the
surface type and the compressed
charge was ignited by hot tubes.

1. Motorcycle Development & Design
served to retard the speed of the
vehicle when desired by frictional
contact with the front tire.
Both wheels were provided with
pneumatic tires. The engine cylinders were 3-9/16 inches in diameter with a stroke of 4-5/8 inches. The driving wheel was 22
inches in diameter while the front
wheel was 26 inches in diameter.
It is claimed that the fuel supply
was sufficient for a run of 12
hours.

One of the earliest of the De
Dion-Bouton tricycles is shown
at Fig. 4. This had the small aircooled motor placed back of the
rear axle which it drove by suitable gearing. In order to obtain
the desired speed reduction, a
small spur pinion was mounted
on the motor crankshaft which
meshed with a large spur gear
attached to the differential case.
In the tricycle shown, the gasoline vapor was produced by a

The cylinders were water-cooled
and were surrounded with water
jackets, and a supply of water for
cooling the engine was carried in
a peculiarly shaped tank forming
part of the mudguard over the
traction member.
The front wheel was used for
steering and was mounted in
forks in much the same manner
as in the machines of to-day. A
hand-lever actuated-spoon brake

Fig 6 Ariel Tricycle - using Electrical Ignition
22
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A later form of motor tricycle, in
which electrical ignition replaced the hot tube method, is
shown at Fig. 6. By careful
study of this side view and the
rear end shown at Fig. 4, it will
not be difficult to understand
the construction of the earliest
form of motor tricycles to be
used successfully.

Fig 7 - Early MC Design w/ Power Plant inside Rear Wheel
surface carburetor, and ignition
was by hot tube. The machine
was provided with pedals and it
was possible to drive the rear
axle by an independent footactuated sprocket and chain
when desired. This made it possible to set the tricycle in motion
by pedaling, and was also intended to provide a means of
returning home when the motor
became inoperative, which was
not an infrequent occurrence.

All of the pioneer designers did
not devote their attention to
tricycle construction, as some
carried on experiments with the
two-wheeled forms. One of the
ingenious efforts to adapt the
safety bicycle to motorcycle
service is shown at Fig. 7.

The power plant, which included
a small gasoline engine with its
auxiliary devices was mounted
on a fixed axle at the center of
the rear wheel, and remained
stationary while the wheel revolved around it to drive the
Some of these tricycles were
bicycle. Owing to the limited
converted into four-wheelers or
amount of space provided for
quadricycles, as shown at Fig. 5, the power plant, which meant
by the addition of a fore carriage that an engine of small power
which provided accommodations only could be used, this form of
for a passenger.
construction did not prove as
Owing to the limited power of
the motor, which was rated at
about l-3/4 horsepower, the
rider often found the pedals of
some benefit as an aid to climbing steep grades.

23
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front-fork crown, and the object
desired by the inventor was to
permit one to convert an ordinary bicycle into a motorcycle
One of the problems that conby the addition of the modified
fronted the pioneer designer was
front forks to which the engine
the proper location of the power
was attached. Power was transplant. The diversified designs in
mitted by means of a belt from a
which the early designers atsmall pulley on the motor
tempted to solve this problem
crankshaft to a larger member
are clearly shown at Fig. 8.
attached to the wheel.
At A, an early form of De Dion
It is apparent that the designer had
motor bicycle is shown in outin mind an equal distribution of the
line, and in order to obtain a low
load on the two wheels in the concenter of gravity, the power
struction shown at A.
plant was placed back of the
seat-post tube and crank hanger while the crank case was
attached to the rear-fork stays.
practical as those in which the
motor and its auxiliary devices
were attached to the frame.

In the machine shown at B,
which was known as the “Pernoo,” the motor was placed on
extended stays behind the rear
wheels and drove that member
by direct belt connection.
Another motorcycle which was
brought out about this time is
shown at C, and was designed
by a man named Werner. In this
construction, the motor was
carried on an extension of the
24

In both the forms, shown at B
and C, the weight was not distributed as it should be, as in
one case practically all of the
weight came on the rear wheels,
which made steering difficult,
while in the other, the proportion of the weight carried by the
front wheel was productive of
skidding at the rear end when
the machine was used on wet
roads. The machines shown
were evolved in the period ranging from 1894 to 1898, and
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were adaptations of the diamond frame safety bicycle,
which at that time had been
demonstrated to be a thoroughly
practical vehicle.
During this period, American
inventors were by no means
idle. In 1898, Oscar Hedstrom,
an expert constructor of light
racing bicycles, turned his attention to the design and construction of motor-propelled
tandems which were used in
bicycle racing as pacemakers.
His products were very successful, and their consistent performances on the track, as well as
the speed developed, attracted
the attention of George M.
Hendee, who owned a large
interest in the Springfield Coliseum, a very prominent bicycle
race-track of the period.
Mr. Hendee, who was engaged
in building bicycles, determined
that there would be a great
future for the motorcycle if a
satisfactory machine for roadwork could be evolved.

Figure 9 - Earliest Indian Motorcycle
Negotiations began between
Messrs. Hendee and Hedstrom,
and in January, 1901, Mr. Hedstrom became associated with
the Hendee Manufacturing
Company, and the development
of the Indian motorcycle began.
It is said that in four months’
time, he not only designed the
model machine, but built every
part of it with his own hands.
Many of the original features
incorporated in the first Indian
machine are retained in the
25

modern forms, and have not
been changed in principle since
used on the pioneer creation
built thirteen years ago.
The earliest Indian motorcycle
to be manufactured in quantities is shown at Fig. 9, with all
parts clearly outlined. The general lines of the diamond frame
bicycle were followed in, this as
in other early forms, though a
decided innovation was made by
placing the motor in the frame
in such a position that it formed
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a continuation of the seat-post
tube, which was attached to the
top of the cylinder. The motor
crankcase was supported by the
crank hanger which was located

1. Motorcycle Development & Design

at approximately the same position as in bicycles intended for
foot propulsion. This permitted
the inventor to dispose of the
26

auxiliary parts of the power
plant so that the bicycle lines
were not interfered with to any
extent.
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The gasoline tank was mounted
over the rear wheel and was
partially supported by the mudguard, while a smaller container
between the rear forks and the
seat-post tube served as a reservoir for the lubricating oil used
in the engine.
The carburetor was designed by
Mr. Hedstrom, and with but few
changes and refinements in
minor detail, is used today, and
is considered to be one of the
most efficient of the many vaporizers used on motorcycles.
The drive from the motor crankshaft was to a large sprocket,
carried by a countershaft extending from the crank hanger, and
this, in turn, imparted motion to
a smaller sprocket which drove
the rear wheel through the medium of a chain connection with a
sprocket on the rear wheel hub,
which was a modified form of
bicycle coaster brake.
Ignition was by battery and
spark coil, and control of the
power plant was obtained by
varying the time of ignition and
regulating the supply of gas
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admitted to the carburetor in
much the same way as on modern machines.
A feature of even the earliest
Indian model was ease of control, as while other contemporary manufacturers were producing machines having levers
at all points of the frame, the
Indian had the grip control that
is now famous and almost universally used in America.
By turning the grip on the right
hand side of the handlebar in
one direction, it was possible to
raise the exhaust valve so that
the engine would be inoperative,
while a twist in the other direction allowed the exhaust valve to
close, thus permitting the motor
to function, and a further movement advanced the ignition
timer to speed up the engine.
While throttle control on the early
form of machine shown was by a
small crank attached to the top
frame tube near the steering
head, it was not long before the
left grip was also used in controlling the motor by being attached
to the carburetor throttle.
27

Owing to the excellence of the
Hedstrom motor and carburetor,
the neatness of design and the
ease of control, the Indian motorcycle was eagerly accepted by
the public, and the American
motorcycle industry was fairly
under way.
It must not be inferred that no
other successful American machines were built at this time
because there were quite a
number of practical motorcycles
evolved by other bicycle firms.
Four of the early types are outlined at Fig. 10, and as the general construction and location of
parts is clearly shown it will not
be necessary to describe these
machines in detail. This applies
equally as well to the types
shown at Figs. 11 and 12.
A point that will strike the observant reader is the diversity of
ideas as relates to power plant
installation, as opposed to the
very general acceptance of one
method of installation at the
present time. For instance, in
the group at Fig. 10, the Thomas and Holley machines have
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the motor mounted with the
cylinder center line coinciding
with that of the seat-post tube,
while the Orient and the Mitch-
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ell had the motor placed well
forward in the frame with the
cylinder inclined toward the
steering head instead of toward
28

the rear of the machine. In every
case, the drive was by means of
belts. In the Thomas, a combination steel and leather belt was
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used, while in the other three
forms flat belts were employed.
Two of the machines, the Mitchell and the Orient, did not use
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belt idlers or jockey pulleys,
while the Thomas and the Holley found the idler pulley of
sufficient merit to incorporate it
29

in their construction. We find
the same diversity of practice in
the motorcycles shown at Fig.
11.
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In two of these, the Merkel and
the Yale-California, the motors
had the cylinder inclined toward
the steering head, while the other
two, the Pope-Columbia and the
Marsh, utilized the opposite placing of the power plant.
In the Columbia machine, the
motor was carried back of the
seat-post tube; while in the
Marsh, the cylinder formed a
continuation of that member.
The general trend of former
constructors to belt drive as
opposed to the present tendency
in the other direction is also
cleskrly shown in this group, as
but one of the machines, the
Pope, utilized the double chain
drive which is now the leading
form of power trans-mission.
At the top of Fig. 12 is depicted a
machine that in many respects
resembles the accepted types of
the present day. This was designed by Glenn Curtiss, now a
famous aviator and builder of
aerial craft. In this, the motor was
placed with the cylinder vertical
instead of inclined as in all the
other machines shown.
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The business-like disposition of
the auxiliaries, such as the
gasoline tank, battery box, muffler, carburetor, the long wheel
base and the general neat appearance of the machine are all
commendable. The only thing
needed to make this early form
of machine an equal in appearance and performance to those
of the present day was the addition of magneto ignition.

machines, with the exception of
the Pope and Indian, utilized
belt drive, this employed a
counter-shaft speed reduction
and chain drive to the rear
wheels. Instead of employing a
sprocket and chain reduction,
as did the Pope and the Indian,
the drive from tile motor crankshaft to the countershaft and
the main reduction in speed was
through spur gearing.

The Wagner machine, which is
shown in the center of the plate,
(fig 12), incorporated for many
years a distinctive form of frame
construction, inasmuch as a
separate loop member to carry
the motor was added below the
lower frame member of the conventional diamond frame. The
Royal machine was also distinctive owing to the ingenious manner in which the power plant was
housed in a nest formed by four
tubes branching from the seatpost tube to the crank hanger.

A single chain served for both
motor and pedal drive, as an
ingenious clutching arrangement was provided by which the
pedals could be brought into
engagement for propelling the
machine and starting the motor,
and then the drive was taken by
the same chain from the motor
crankshaft, and the pedals automatically uncoupled by an
overrunning clutch.

The Royal machine was also
distinctive in the system of drive
employed, because, while practically all of the contemporary
30

Another form of machine developed by American engineers,
which was called the “New Era,”
on account of the number of
advanced features incorporated
in its design, is shown at fig. 13.
This was one of the first Ameri-
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can machines to furnish a twospeed gear as regular equipment, and to substitute footboards instead of the usual form
of pedaling gear. As the pedals
were eliminated, it was not nec-
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essary to supply a seat of the
usual form which is needed to
permit the rider to pedal a machine when starting, and a more
comfortable form seat, very
31

much of the same nature as
used in agricultural machinery,
was provided for the rider. This
seat was supported by springs,
and as it conformed to the figure
it proved to be very comfortable.
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The motor, which was a singlecylinder type was placed directly
under the form seat, and the
planetary- two-speed gear was
located on the engine shaft.
The high and low-speed clutches were controlled by foot levers
conveniently disposed on the
running board, while another
pedal provided control of the
band brake acting on the rear
wheel. The form shown was one
of the earlier models in which
ignition was by battery and coil,
but other machines were made
of more modern form employing
a magneto.
The fuel tank was carried over
the rear wheel, as was common
practice on many machines of
that period and the drive was by
single chain direct from the
driving sprocket on the motor
crankshaft to a larger member
on the wheel.
This machine was evidently too
far in advance for its time, as the
riders did not seem to take kindly
to its unconventional lines which
forced the company manufacturing them out of business.
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It is interesting to note that in
this early form of machine, we
find incorporated so many of the
improvements and refinement
usually associated only with
machines of the present day.

The Demand for More Power.
When the first attempts were
made to convert the bicycle into a
motorcycle by the addition of a
power plant, it was the intention
of many of the constructors of the
early types of machines to depend
to some extent upon the rider to
assist the motor at times when
the resistance to motion was too
great to be overcome, by the
small power plant provided.
In order not to stress the frame
tubes of the usual bicycle construction too much, the gasoline
motors employed were of extremely low power, when judged
in the light of our present day
knowledge. Many of the successful motors were not over
1.25 horsepower, and a machine with a power plant rated
at 2.50 horsepower was considered to be much heavier and
32

more powerful than was absolutely necessary.
The method of figuring the horsepower required on the early machines was very simple, as it was
assumed that if a man, who was
commonly given a rating of oneeighth to one twelfth of a horsepower could propel a bicycle
satisfactorily, and attain fair
speed, that a motor of one and
one-quarter horsepower should
certainly prove sufficiently powerful to take the machine anywhere
the rider wanted to go. Of course,
it was not considered a serious
disadvantage if one was forced to
assist the motor up a moderate
hill or over a stretch of sandy
road by vigorous pedaling.
It did not take the early rider or
motorcycle manufacturer long to
discover that a frame structure
that was entirely suitable for-a
foot-propelled machine was not
necessarily strong enough to
withstand the vibrations imposed by mechanical power.
This vibration came, not only
from the nature of the prime
mover employed but was also
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due, in a measure, to the increased speeds made possible
by the application of mechanical
energy, As it was obviously necessary to increase the weight
and strength of the frame to
take care of the added stresses,
it was also important to augment the power proportionately.
Another factor that made it
necessary to install more powerful motors was the demand for
speed that soon became manifest after the machines had
been mastered by their riders.
To one not accustomed to motorcycling, a speed of 20 or 25
miles per hour was very fast,
but after the first few rides had
been taken, and the rider had
confidence in his machine and
ability to control it, many sought
for machines having greater
power, and consequently more
all around ability.
This demand was met by the
manufacturers, and the horsepower of motorcycle power
plants has increased over 800
percent, as on makes that formerly utilized one and a quarter
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to two horsepower motors a
decade or so back, we find on
the modern forms powerful
motors which are capable of
easily developing 12 to 15
horsepower.

Requirements of Practical Motorcycles.
Before describing the parts of
motorcycles, their functions or
features of construction, it may
be well to review a few of the
essentials that are necessary in
the practical motorcycle.
First, the machine should not
only be simple and strong in
construction but it should have
a soundly designed and wellmade frame-work as well as a
powerful motor.
The power plant should be so
installed that it may be easily
reached for inspection and the
various components should be so
accessibly located that any of the
parts liable to give trouble can be
reached without dismantling the
entire machine. Most designs of
the present day embody this
important requirement.
33

Second, every provision should
be made for the comfort and
safety of the rider. This means
that the saddle should be placed
so a low riding position obtained
in order that the rider may be
able to put his feet on the
ground to steady himself when
necessary.
Comfortable footrests or footboards should be provided in addition to the usual pedaling mechanism, and all the control levers
should be placed conveniently so
the rider may reach them, preferably without removing his hands
from the handlebars.
Third, the modern machine
should be provided with wheels
and tires of ample size, and
should also include some form
of spring fork and resilient
frame construction to absorb
vibration and to relieve the rider
of all road shocks.
The machine should not only be
provided with an efficient power
transmission system but should
also include adequate brakes.
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Fourth, the weight should be so
distributed that the center of
gravity, even with the rider in
position, should come as near
the ground as possible, in order
to promote stability, and the
load carried should also be proportioned so that the traction or
driving wheel will carry more
than the front or steering wheel.

system is much to be preferred
to the usual hit or miss oil
pump system of lubrication.

The machine should also be
fitted with some method of free
engine control so that the power
plant may be kept running even
if the machine must stop as in
traffic. While a two speed gear
or other variable speed mechanism is the most desirable, it is
not absolutely necessary, as
very good results have been
obtained with machines having
a free engine clutch or its mechanical equivalent.

The machine work on the engine, and the fitting of the various parts, should be accurately
done so the power plant will
retain oil and the machine be a
clean one to handle.

Fifth, the pleasure and convenience of the rider should be
given some consideration, as, in
addition to comfort and safety, it
is desirable to make operation of
the machine as simple as possible. For example, some form of
automatic or mechanical oiling

A fairly capacious fuel container
should be provided in order to
insure a reasonable touring radius.
An efficient muffler should be
provided so that the machine
will be silent in operation.

A fairly long wheel base and
large wheels are fully as desirable as the use of spring forks
or frames to secure easy riding.
The proportion of power to weight
should be such that an actual
surplus of power is held in reserve
under normal operating conditions
for use in any emergency.
Practically all of the essential
requirements enumerated can
be found in modern machines,
though the average purchaser
would be guided to a large ex34

tent in selecting a mount by a
number of personal preferences,
and it cannot be expected that
any one type of machine will
satisfy all riders.

Motorcycles of Various Types.
Three forms of power have been
successfully adapted to vehicle
propulsion, and among the
many diversified types of automobiles we find some propelled
by gasoline engines, while others depend upon the energy
derived from a steam boiler or
electric battery.
While either of the three main
forms of prime movers may be
used in a practical way on motor
cars, attempts that have been
made by motorcycle designers to
adapt steam or electric power to
the two-wheel vehicle have rarely met with success.
The electric motorcycle is impractical on account of the
weight of the storage battery
necessary to produce power,
and also because its radius of
action and possible speed would
be limited.
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Some early inventors adapted
the electric battery to the propulsion of three wheelers or
tricycles, and it was not very
long ago that an announcement
was made that an electric motorcycle would soon be available. To date, this promise has
not been realized, and it is difficult for one to see how electric
power could be applied to advantage on a two-wheeler and
obtain the same desirable features that are so easily secured
by the use of the gasoline motor.
Some experiments were tried in
this country to apply steam
power to motorcycles, but none
of these ever proceeded far beyond the experimental stage. In
England, however, there is a
steam-propelled motorcycle that
is not radical in appearance and
which must be a commercial
success because it is said that it
has been on the market for
three years.
The drawing at Fig. 14 shows
the general appearance of this
machine which is known as “the
Pearson and Cox,”presumably

because it is made by this firm
in Shortlands. Despite the unconventional means of propulsion, this motorcycle is not so
much different than those we
are accustomed to that it would
attract attention except of those
well versed in motorcycle construction.

and immediately in front of the
real- wheel. The power plant is
supported by the rear forks. The
engine is given a nominal rating
of 3 horse-power, but it is said
that the boiler has capacity
enough to furnish steam pressure sufficiently high so the
engine will generate 6.50 horsepower.

The power is supplied by a single cylinder, single-acting
steam engine with a bore of 13/4 inches and a stroke of 2-1/
2 inches. This is mounted in the
frame back of the seat-post tube

Power is delivered to the rear wheel
through the medium of a single
roller chain which connects sprockets mounted on the engine crankshaft and on the rear wheel hub.

35
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Owing to the fact that the steam
power is always in reserve and
that the steam engine may be put
in motion by simply opening a
throttle valve, it will be evident
that no clutch or variable speed
gear is necessary.
When climbing hills, one merely
admits more steam to the engine cylinder and its power is
increased proportionately as the
steam pressure is augmented.
The water is converted into
steam in a flash boiler which is
a coil composed of about 65 feet
of pipe heated by the burner
flame. The boiler is called a
“flash generator” because as
soon as water is pumped into
the coil by the plunger pump
driven from the engine for that
purpose, it is converted instantaneously into steam having the
high pressure of 1,000 pounds
per square inch, and a temperature of 800 deg. Fahr.
As the pinup that supplies the
water to the flash coil is driven
directly from the engine, the
amount of water supplied andconsequently the steam generat-
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ed is proportional to the demands of the engine.
At very low speeds, when the
steam consumption is small, a
by-pass valve opens so some of
the steam passes back into the
water tank and is condensed
into water. This valve is controlled from one of the grips on
the handlebar. The boiler, or
rather, steam generator is located directly under the front diagonal frame tube and is protected
from dirt by a liberal sized mudguard on the front wheel.
The whole of the diamond of the
usual type camel-back frame is
filled by the water and fuel container. In order to prevent waste
of water which would make
frequent refilling of the tank
necessary, the ex-lutustt steam
is condensed by a suitable device and is pumped back into
the water tank where it. is used
over again.
The heat to flash the water into
steam is produced by a burner
that utilizes crude oil, the
cheapest form of oil fuel. Even
though about twice as much of
36

the cheap fuel is needed, as the
amount of gasoline consumed
by a gas motor of similar capacity, it is claimed that the fuel
cost per mile is less than on the
internal combustion engine
propelled forms. The operation
of starting the generator is not
unlike that of starting the familiar gasoline torch.
A certain amount of the oil is
allowed to drip into a suitable
shallow pan, and this puddle is
ignited and heats the oil contained in the vaporizing coil
that forms part of the burner to
a high enough point to generate
gas, at which time the main fire
may be lighted.
After the burner fire has been
started, a small amount of water
is injected into the hot flash coil
by an auxiliary hand water
pump, and the requisite steam
pressure is obtained for starting
the engine.
Of course, after the vehicle is
once set in motion the generation of steam is automatic. The
speed and power of the engine
may be controlled by a simple
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throttle valve in the steam line
between the generator and engine cylinder which may be
operated very easily from one of
the grips.
While this machine has had
some sale in England, it is
doubtful if the ease of control
and smooth operation permitted
by steam power offers enough
advantages over the gasoline
motor to make steam power a
factor in motorcycle design.
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line engine are not only simple
in construction, easy to understand, reliable and economical,
but are also flexible enough and
have sufficient reserve power so
that there really would be no
advantages of moment obtained
by using steam or electricity
that would outweigh the complication, weight and lack of efficiency that are common attributes of either of these indirect systems of power generation. In a gasoline engine, the

There is an added disadvantage
in connection with steam power
that the average rider will not
take kindly to, and that is the
possibility of a disastrous fire
occurring, should the fuel tank
spring aleak and allow the liquid
fuel or fumes due to its evaporation to come in contact with the
naked flame at the generator.
The use of the gasoline motor as
a source of power for motorcycles is, therefore, general and it
can be stated with truth that
the internal combustion engine
is really the only practical form
of power plant for motorcycle
use. The modern forms of gaso37

fuel gas is converted into power
directly in the engine cylinders,
whereas with a steam engine it
is necessary to convert water
into steam and direct the steam
to the engine cylinder to produce the power.
Obviously the efficiency or
amount of useful power obtained by burning a given quantity of fuel would be greater if it
was utilized directly in the cylinder or by the internal combus-
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tion process than if burned
under a steam boiler where a
large part of the heat would be
wasted n the form of exliaust
gas through the boiler flues.
While motorcycles cannot be
classified into types by the form
of power used, as is possible
with automobiles, they may be
grouped into various classes
depending upon their weight,
the amount of power provided,
the type of gasoline engine used,
the method of power transmission, or the use to which the
machine is adapted.
For example, motorcycles are
constructed even at the present
day that have engines of lower
power, and which arc correspondingly light as a result.
Such machines are called “lightweights,” a typical example of
which is shown at Fig. 15.
A light-weight motorcycle is not
much heavier, as far as the
frame is concerned, than the
usual form of roadster bicycle,
and the power plant need not,
be over 2.50 horsepower. A
light-weight motorcycle provided

with a two-wheeled front axle
instead of the conventional single wheel is shown at Fig. 10. A
tricycle of this type is intended
for elderly persons, women, or
young people who do not desire
38

to travel at high speeds, yet who
wish to experience the pleasures
of motorcycling, with maximum
safety. Light-weights may be of
two forms, according to the type
of power plant used. They may
be either single or double cylin-
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der and the gasoline engine
employed may operate on either
the two-cycle or four-cycle principle.
The next class of machine is the
medium-weight, while the third
classification is composed of the
powerful touring motorcycles
which are usually termed
“heavy-weights,” on account of
the strong construction and
large power plants used.
Either the medium-weight or
heavy-weight machine may be
divided into three general
groups depending upon whether
the machine is used for pleasure, business, or racing. The
medium-weight machines nay
be “singles,” on account of using
one-cylinder engines, or “twins”
because two-cylinder power
plants are utilized. A single may
be either belt or chain drive, or
the engine may be two-cycle or
four-cycled.

1. Motorcycle Development & Design
motors while others utilize powerful two or four-cylinder power
plants. Then again, all machines
may be grouped into two general
classes, “single geared,” if only a
free engine clutch is provided,
and “two speed” or “variable
speed,” if some form of change
speed mechanism, as well as a
clutch is included in the design.
It is, therefore, extremely difficult for for one to classify motorcycles intelligently, though for
the purpose of description they
may be grouped into, the light,

A heavy-weight machine may
employ any one of three types of
power plant, as some are provided with large single-cylinder
39

medium, or heavy-weight types
without considering the form of
power plant used, the method of
drive or any of the individual
characteristics of the various
designs.

Light-weight vs. Mediumweight Construction.
Of the, three classes, machines
that might be included in the
true heavy-weight class are so
rare that there are really only
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two distinct types to be considered. Fully 90 per cent of the
motorcycles in general use may
be grouped in either the lightweight or medium-weight classification.
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The light-weights are obtainable
in various forms as we find in
the domestic and foreign market
machines that range in capacity
from 1.75 to 2.75 horsepower,
some of which use single cylinder motors while others employ
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small two cylinder engines. The
light-weights usually range between 80 pounds and 140
pounds. Practically all lightweight machines, even if they
utilize variable speed gearing,
retain the pedalling gear.
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Where the roads are good, the
light-weight has much in its
favor.

large mileage possible on small
quantities of fuel and lubricating oil. A light-weight machine is
In initial cost, it is comparatively easy to ride, start and control in
inexpensive and is economical of traffic. A light-weight machine
may be carried up or down a
maintenance on account of the
short flight of steps into a house
41

without much trouble, and in
the event of a serious breakdown the lighter forms may be
propelled by foot power without
undue exertion if the transmission system is thrown out of
action. The light-weight ma-
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chine, however, has the disadvantages incidental to the use of
low-powered engines. These are
lack of speed, hill climbing ability and lack of capacity for rough
road work. The light-weight type
appeals to people of conservative taste, or to the middle-aged
and it is also a very suitable
form of machine for those who
are active and not very far advanced in age to start on. It is
claimed by many authorities
that motorcycle manufacturers
have reached the extreme in
catering to the riders demanding speed and power, and it is
certainly true that the most
powerful machines are difficult
to handle, and are more expensive to maintain than the simpler and lighter forms.
The most important class of
motorcycle, is the mediumweight machine which, for the
most part, is provided with engines ranging from 3.50 to 6
horsepower. While these machines are generally intended
for carrying a single passenger
and are not well adapted for the

attachment of side cars or delivery vans, still they have sufficient power to carry a tandem
attachment on fair road:” that
are not too hilly.

may be used in connection with
sidecar or delivery van work, if
the gear ratio is intelligently
selected.

Of course, if fitted with a free
engine clutch and two-speed
gear, medium-weight machines

If not more than 1 or 5 horsepower is desired, a single-cylinder engine will prove very satisfactory, and while the greater

42
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the American machine is of the
chain drive type, whereas the
English designs employ V-belts
for power transmission.
The medium-weight machine
answers practically all of the
requirements of the average
rider, as it is sufficiently fast
and powerful to make it a good
touring machine and its construction is heavy enough to
enable it to withstand the
stresses incidental to operation
on rough roads.

part of the demand, at the
present time, seems to be for
powerful twins, it is evident to
one who analyzes the situation
carefully that there will eventually be a reaction in favor of the
one-cylinder type on account of
its economy, simplicity, and
ease of operation.
To be thoroughly practical and
capable of surmounting difficulties ordinarily met with, the
machine of the future must
include a variable speed gear as
well as free engine clutch. The
single-cylinder motorcycle

shown at Fig. 17 is a representative American type that
is a good example of the single-cylinder medium-weight
class. At Fig. 18 a mediumweight, single-cylinder machine of English design with
its important parts outlined is
clearl.y depicted.
An example of the mediumweight machine with small
twin-cylinder engine and
three-speed variable gear in
the rear hub is shown at Fig.
19. It will be observed that
43

At the other hand, the mediumweight, machine can be handled
by any person of average
strength, and very satisfactory
mileage is obtained from lubricating oil, gasoline and tires.
In the heavy-weight classification, we have the powerful twins
and four-cylinder machines
rated at from 7 to 10 horsepower, which have ample capacity to handle a sidecar or delivery van, and which, for the most
part, are provided with variable
speed gears, and seldom with
single-cylinder engines.
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of the power plant. Fortunately,
the gasoline engine has been
developed to a point where serious derangements are practically unknown, and on most of the
medium-weight machines the
usual pedaling gear is provided
only to facilitate starting and to
provide for brake operation
rather than as a means of propulsion.

It is hard to define sharply the
distinguishing line between the
medium and heavy-weight
classes, though most mediumweight machines weigh less
than 210 pounds, while the
heavy-weight machines will vary
between that minimum and a
maximum of about 300 pounds
with full equipment.
A typical machine that may be
considered as being on the border line between the heavyweight and medium-weight
classes is shown at Fig. 20. This

is an American design and is
fitted with a motor rated at from
7 to 9 horsepower, and a variable speed gear. A machine of
the true heavy-weight class
which is equipped with a fourcylinder power plant is shown at
Fig. 21.
On this machine it will be noticed that the usual form of
pedaling gear is omitted entirely, because the machine is so
heavy that it would be practically impossible to pedal it for any
distance in event of break-down
44

A machine of the type shown at
Fig. 21 is practically a twowheeled automobile and demonstrates clearly how radically
different the modern motorcycle is in construction when
compared to the bicycle that
formed the basis for the first
design.
In the various classes enumerated, one will find machines
that have been designed for
certain specific purposes, for
example, at Fig.23 is shown a
stock racer which is a type of
machine that is stripped down
to as light weight as possible,
and which is geared high in
order to obtain the maximum
possible speed.
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The dropped handlebar makes
it easy for the rider to assume a
crouching position, while, as we
shall see later, makes for minimum air reistance, whereas the
elimination of unnecessary
weight also makes possible the
attaining of high speeds with
the same amount of power as
would be utilized in a touring
machine.
Obviously a machine of this
type would not be as comfortable for road use as the regular
model, on account of the elimination of the spring fork, the
upturned handlebar, the mud
guards, foot rests, and other
auxiliaries which increase the
comfort of the rider.
A special form of machine
which, while of unconventional
appearance, is nevertheless
practical, is depicted at Fig. 23.
This is intended for the use of
women, as it not only has the
usual form of open frame, but,
also carries the power plant far
enough forward and has it well
protected so as not to interfere
with the skirts of the rider.

The tri-car shown at Fig. 24
shows the application of the
motorcycle to commercial work,
and the vehicle outlined is really
a composite form, composed of a
two-wheel fore-carriage attached
to a twin-cylinder motorcycle.
This motorcycle truck weighs
complete at 530 pounds and will
cart 600 pounds in addition to
the weight of the driver. The
application of sidecars will be
considered in a chapter devoted
to that form of construction.
45

Summing up, it is apparent that
no one class of motorcycle will
suit everybody. A machine that
might be eminently satisfactory
to one individual might fail entirely in fulfilling the requirements of another.
The low-powered motorcycle is
suitable for those who do not
cure to travel fast or far and
who wish an economical machine that is easily handled. The
machine of medium weight and
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Determining Power Needed.
The amount of power needed to
propel a motorevele depends
upon a number of factors, all of
which are variable. The chief
resistance to motion of selfpropelling vehicles, such as
automobiles and motorcycles,
when operated on a level road at
low and moderate speeds consists of the rolling resistance at,
the point of contact between
traction member and the ground
and friction in driving, powertransmitting and supporting
elements.

moderate power will suit the
average individual who wishes a
strong machine capable of keeping up a good average on a long
trip, and that will have power
enough to climb average hills
and negotiate our ordinary
roads.
The heavy powerful machine is
the mount for the enthusiast or

expert who has, graduated from
the light-weight or mediumweight class, and who does not
object to weight or expense as
long as his machine is capable
of high speeds with a sufficient
margin of power to surmount
the steepest hills or negotiate
the most unfavorable roads.
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At high speeds one must take
into account the factor of air
resistance, though at low speeds
this can be neglected because of
its low value.
When a motorcycle is to be propelled up a gradient, one must
take into consideration the added
resistance due to gravity, and the
amount of power required to drive
the machine depends upon the
weight of machine and rider,
steepness of the hill and the
speed it is desired to maintain.
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Obviously, when descending
hills, less power is needed than
when running up hill or on the
level. It takes more power to
drive a heavy machine than a
light one, other conditions being
equal. A smooth-running construction is easier to push than
one in which considerable friction exists, and much more
power is needed on machines
intended for high-speed work
than on types where the operating speeds are moderate.
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Influence of Road Surface
on Traction
The resistance offered by various roads depends primarily on
the character of the surface, but
it is also controlled to a limited
extent by the size of wheels,
character of tires and speed.

tires have much less resistance
than softer ones.
A generally accepted value for
well-inflated pneumatic tires is
50 pounds per ton on hard, level
asphalt, and this is the basis
commonly used in automobile
engineering practice.

A value of 80 pounds per ton for
The traction coefficients as given
macadam and hard dirt roads
by Norris follow:
will provide a desirable margin,
On rails or plates 5.16 lbs/ton
and can be followed to advanAsphalt or hardwood 12.24 lbs/ tage because motorcycle wheels
are relatively small, commonly
ton
No matter how powerful the
ranging from 26 to 30 inches in
Macadam 30.60 lbs/ton
power plant is, the only availdiameter, with 28-inch wheels
able means of determining the
Loose gravel 140 to 200 lbs/ton predominating.
capacity of the vehicle is a conSand
400 lbs/ton
Larger diameter wheels, such as
sideration of the amount of
The
influence
of
tires
provided
used on automobiles, are more
push available at the contact
may
be
summed
up
concisely
by
capable of rolling over minute
point of traction member and
obstructions and bridge small
road, so while it is imperative to that the resistance of iron and
solid rubber tires is approxihollows easily and with less
supply enough power, it is
mately the same, while with well effort than would be required of
equally important to so distribsupporting members of less
ute the weight as to insure ade- inflated pneumatic tires, it will
be
25
to
30
per
cent
less.
diameter. The traction resisquate adhesion between traction
tance would, therefore, be highmember and road surface and
The figures given above are for
er with low wheels than high
to have as efficient delivery of
pneumatic tires, though the
ones, if the road surfaces were
power from motor to rear wheel
amount of air pressure in the
not absolutely smooth.
as possible.
tires influences the traction
resistance to a degree. Hard
47
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The total effort required to overcome traction resistance R may
be approximated by considering
the following formula, in which
W is total weight of motorcycle
and load:
W x 80/200 = R or
W x 4/100 = R

Speed Affects Power Needed
The value obtained by formula
is but one of the factors to be
considered in determining the
horsepower required, therefore
it is important to consider velocity of cycle as well. This value is
generally taken in feet per
minute, so if V is the speed in
miles per hour, then
V x 5,280/60 = 88 V
This is the speed in feet per
minute.
The horsepower required to
overcome the traction resistance
of a certain vehicle and passengers at a known speed may be

1. Motorcycle Development & Design
derived by the following:
HP = W x 4/(100) x 88V
33,000
Consider, for example, that it is
desired to approximate the power necessary to overcome traction resistance of a motorcycle
and passengers weighing 500
pounds at a speed of 40 miles
per hour, and that air resistance
is neglected for the moment.
Substituting known values in
the above formula, we have
HP = ‘500

x 4/(100) x 88 x 40
33,000

= 2.10 HP
This would indicate that the
torque corresponding to 2
horsepower applied at point of
contact of traction wheel and
ground would be capable of
driving 500 pounds at the rate
of 40 miles per hour over
smooth macadam or dirt road.
Let us consider a condition
48

where the road surface would
offer a greater resistance to
traction and yet permit the
same speed as previously considered, or 40 miles per hour.
If the road surface is loose gravel, the resistance will be 200
pounds per ton, and the formula
for traction resistance would be:
W x 200/2000 = R
or, R = W/10
The complete formula, taking
speed into consideration, is:
HP = W/10 x 88 x 40
33,000
= 500 x 88 x 40
10 x 33000
= 5.33 HP
As the motorcyclist would be apt
to meet loose gravel or dirt, the
amount of power needed must
be figured using the unfavorable
roads as a basis. It is not likely
that the rider could negotiate a
soft road safely at 40 miles per
hour, so the amount of power

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
obtained above is somewhat
higher than actually needed,
because the speed would be
reduced as the traction resistance increased.
It, would be possible to run at
20 miles per hour, however, so
figuring power needed on this
basis, we have:
HP = W/10 x 88 x 20
33,000
= 2.69 HP
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Effect of Air Resistance
A commonly used formula for
approximating power needed to
overcome the air resistance at
various speeds as given by
Brooks in which V is velocity of
vehicle in feet per second, and A
the projected area of front of
cycle and rider, is
HP = V3 x A / 240,000

This formula assumed still air,
so if the cycle is to be driven
against a wind of known velocity, this should be added to the
It will be seen that the reduction cycle velocity. We will assume
in vehicle speed has made it
for simplicity that the motorcypossible to drive the motorcycle
cle is to attain a speed of 40
over a gravel road at 20 miles
miles per hour in still air. This
per hour, with but little more
is equal to a speed of 58.6 feet
power than that needed to drive per second.
it over a macadam road at 40
The projected area will vary with
miles per hour.
the size and position of the ridThe factor of air resistance must er, and even with a large rider
be taken into consideration at a sitting upright on the average
speed of 40 miles per hour,
motorcycle, it is not apt to exhowever, so the power needed to ceed 5 square feet, whereas, if
overcome air resistance must be the rider crouches along the
added to that required for tractank or rides low, the projected
tion.
area of machine and rider will
not exceed 4 square feet.
49

This was determined experimentally by photographing a standard machine and mediumweight rider as shown at Fig. 25,
having the rider assume two
positions. At A he is sitting in
the usual road-riding posture or
upright, and it is reasonable to
assume that this is the position
that offers the maximum exposed area against which air
resistance becomes effective.
The view at B shows the position
assumed by most riders on the
track, in which the operator’s
body rests on the tank, and this
may be taken as the position
that offers a minimum exposed
area to air resistance.
As the basis for figuring is the
projected area, rather than actual
exposed area, it was possible to
draw outlines corresponding to
the two positions on squared
plotting paper as at Fig. 26. The
photographs were of such a size
that each square represents one
square inch in area. Therefore, by
counting the squares, it was not
difficult to approximate the area
of the rider and the machine in
the two positions.
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As a check upon this simple
method, the areas were computed with a planimeter and were
found to agree very closely with
the areas obtained by counting
the squares.
Using the Brooks formula and
substuting the known values we
have:
HP = 58.6 3 x 5/240,000
= 4.14 HP
To overcome the resistance of
air at speeds of 60 miles per
hour, or 88 feet per second, with
rider in the crouching position,
we have the following:

HP = 883 x 4/240,000
= 11.3 HP

Fig 25 - Position of Rider
A: for Road Work
B: for Minimum Air Resistance
50
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From the example previously
considered, this means that it
will require 2.1 horsepower to
overcome the traction resistance
of a 500-pound motorcycle and
load at 40 miles per hour, and
4.14 horsepower to overcome
the air resistance, this making a
total of 6.24 horsepower to propel a 500-pound motorcycle and
load on a level road at a speed
of 40 miles per hour.
If only level roads were to be
considered, or, highways having
a good surface, a 7 horse-power
motorcycle power plant would
be ample for all requirements
up to a speed of 40 miles per
hour, and would carry two passengers easily under these conditions, if there was no loss in
power transmission elements.
Owing to this loss, the power
plant should be capable of delivering that amount of power to
the rear wheel, after all losses
have been deducted.

Fig. 26 - Estimating Projected Area
of Motorcycle Rider in Two
Positions
51
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How Gradients Affect
Power Required.
A motorcycle must be capable of
surmountingt any gradient apt
to be met en tour if it is to be
considered a practical conveyance, so another item that must
be reckoned with in determining
power required is the ability to
climb hills.
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the power would not enable one
to climb a hill if the gear ratio
was too high. With a one-gear
machine, it is necessary to use a
gear ratio that is a compromise
between the two extremes, in
order not to sacrifice speed too
much on the level, as when the
gear ratio is low; or hill-climbing
ability, as when the ratio of
drive is high.

The amount of power needed
depends on all the factors previously considered, such as condition of road surface, the speed it
is desired to attain, the weight
of the machine and -passngers,
and in addition one must take
cognizance of the steepness or
pitch of the grade.

If a two-speed machine is used,
one can have a high gear that
will permit of any speed within
the capacity of the power plant
and yet have a gear suitable for
ordinary running conditions
without going into the low
speed. The lower ratio will permit the rider to negotiate sand
or hills at a low speed, and yet
The ability of a motorcycle to
the engine can be run fast
climb hills depends upon correct
enough to develop its full power.
application of power - the traction member as well as ample
It is necessary to exert an effecpower plant capacity. An engine tive push between traction
of relatively small power may be member and the ground equal
suitable to push a motorcycle
to 1 per cent of the total load for
up a very steep hill if the gear
each 1 per cent. rise or pitch.
ratio between engine shaft and
For example, to climb a hill
rear wheel is low enough; at the
having a rise of 20 per cent. or
other hand, an engine of twice
one foot rise for every five feet in
52

horizontal distances; it will be
necessary to add an effective
push at traction member equal
to 20 per cent. of the total
weight to the power ordinarily
required on the level road having the same character of road
surface as the hill to be surmounted.
Considerable difference; of opinion obtains as to the methods of
calculating grade percentages,
and some confusion may exist
in the mind of a non-technical
reader regarding the difference
between the percentage and
angle of a grade.
A diagram is given at Fig. 27,
which shows the method in
vogue graphically. If it is assumed that the base of the triangle represents a line 1,000
feet long, and that the first sloping line represents a road having a rise that brings it 50 feet
above the starting point, this
would be considered as a rise of
50 feet in 1,000 feet or 1 to 20,
and would correspond to a 5 per
cent. grade. The rise is based
on the length of the base line,
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not of the hypotenuse of the
triangle, which is represented by
the inclined roadway.
A grade which represents 100
per cent. corresponds to an
angle of but 45 degrees, not
perpendicular, as is commonly
supposed.
When the grade becomes steep
enough so the angle of inclination is over 30 degrees gravity
overcomes traction and some
positive method of drive, such
as gear wheels running on
toothed tracks, is necessary to
climb greater gradients than 30
degrees angle.
The following table gives the
percentages and corresponding
angles of inclination for gradients ordinarily met with, except
in the very mountainous sections of the country:

54
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We have seen that a torque or
push corresponding to 7 horsepower, at point of contact of
traction wheel and ground,
would be capable of propelling
500 pounds at the rate of 40
miles per hour over a smooth
dirt road not having any rise, air
resistance included.
At this speed, the 28-inch traction wheel would be making a
little less than 500 revolutions
per minute. This is equal to a
torque that can be easily obtained by the following simple
formula:
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To climb a 20 per cent grade,
one would need an additional
effective push of 100 pounds,
which is 20 per cent of the total
weight to be moved of 500
pounds.
To maintain a speed of 40 miles
per hour up a 20 per cent.
grade, an engine of very high
power would be needed. To
illustrate, if the engine was
running at 2,500 revolutions per
minute, a ratio of 5 to 1 would
permit the rear wheel to turn
500 times per minute.

From the data at hand, it will
not be difficult to figure the
motor horsepower needed. To
Substituting known values in
the push of 63 pounds necesthe above equation, we find that
sary to overcome traction and
T = 7 x 63,024 / 500
air resistance, an additional
push of 100 pounds must be
= 882.3 in-pounds
added. This will be a total push
at center of wheel.
of 163 pounds at 14 inches
To find the torque at the point of radius, which is equivalent to
2,282 inch-pounds at wheel
contact between the rear wheel
center. This torque could only
and the ground, the turning
moment at center of wheel must be obtained by expenditure of
18.1 horse-power. Obviously, it
be divided by wheel radius, or
would not be practical to use
14, giving a value of 63 pounds
engines of this capacity, so the
push.
Torque, T = HP x 63,024/RPM
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speed would have to be reduced
when climbing any hill of magnitude to correspond to the severity of the ascent, and the gear
ratio must be selected carefully
in order to enable the engine to
run sufficiently fast to develop
its maximum horsepower.
If the speed is reduced to 20
miles per hour, as could be
easily done by using a slowspeed gearing giving a rearwheel speed of half that needed
to cover 40 miles per hour, without cutting down engine speed,
much less power would be needed to move the same weight. At
20 miles per hour, air resistance
would be so slight, it could almost be neglected, requiring
less than 0.5 horsepower to
overcome it.
The formula for finding power
necessary to overcome traction
resistance would be
HP = 500 x 4 x 88V /(100 x 33,000)
Substituting known values:
HP = 20 x 88 x 20 /33,000
= 1 HP
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This would be equal to a torque
of 252 inch-pounds at the wheel
center or a push of 18 pounds
at the tire. Add to this 100
pounds to overcome resistance
of the gradient, and we obtain a
torque of 118 pounds at 14
inches radius, or 1,652 inch
pounds at the wheel center.
This torque could be easily delivered by a 6.5 horsepower
motor, neglecting losses in the
transmission which, however,
would be geared down 10 to 1
on account of the interposition
of slow speed gearing.
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Power in Proportion to
Weight
The amount of power used by
motorcycle designers does not
vary materially for similar
weights of machine, though the
amount of useful energy available for traction depends on
many other conditions besides
nominal horsepower of motor.

The weight of a number of
prominent twin machines as
determined by the writer varies
between 250 to 300 pounds
with full equipment. The engine
power given by the makers,
which is a purely nominal rating
figured by the simple empirical
formula of the S.A.E., is much
under the actual capacity of the
engine because this determination is made by using a piston
speed constant that is much
less than that possible in motorcycle engines.

The average single-cylinder
machine, equipped with a 4 to 5
horsepower engine with full
equipment of accessories, will
The nominal ratings vary from 7
weigh less than 200 pounds;
this is 1 horsepower for every 40 to 9 horsepower, the power
If we had a machine with a gear
plant of lesser capacity being
to 50 pounds vehicle weight.
of 5 to 1, the motor should be
furnished for the lighter macapable of delivering 6.5 horseSeveral prominent light-weight
chines. This would make the
power to the traction wheel at a machines of European build
nominal power ratio to weight
speed of 1,250 revolutions, inhave engines rated at 2-1/2
about 1 horsepower for each 35
stead of at 2,500 revolutions per horsepower and weigh well unpounds motorcycle weight.
minute which would call for a
der 100 pounds. The average
The actual ratio is much higher
considerably heavier and larger twin-cylinder motorcycle, with
than this, as engines rated at 7
power plant on account of the
high gear ratio to permit high
to 9 horsepower have developed
greater piston displacement
speed, must have more engine
twice this in brake tests, so the
necessary to develop the same
power in ratio to weight than a
power at the lower speed.
machine intended for touring, in true ratio of power to weight in
twin machines of American
order that it may have some
design is about 1 horsepower for
hill-climbing ability.
every 20 pounds.
56

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
As will be apparent, the addition
of one cylinder to a motorcycle
engine will practically double its
power without a corresponding
increase in weight. The engine is
no heavier, save for the added
cylinder and its internal mechanism, and the increase in size of
frame parts, transmission elements and tired to provide adequate resistance to the stresses
imposed bythe larger powerplant does not increase the
weight materially.
The average practice seems to
be to provide about 1 nominal
horsepower for each 50 pounds
weight in touring motorcycles
with a gear ratio that will not
permit of high speeds and 1
nominal horsepower for each 35
pounds weight in fast, twincylinder machines.
The foreign rating, because of
the uniformly better roads in
England and France, as well as
general use of variable speed
gears, is somewhat different, the
average being about 1 nominal
horsepower for each 50 pounds
cycle weight.
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Influence of Modern
Automobile Practice

veyances were radically different, and the true development
of the automobile dates back to
the time when the rules of practice applying to animal-drawn
conveyances were discarded,
and the problem of motor vehicle design studied from an entirely new angle.

When the motorcycle was first
conceived, it was clearly the
intention of the inventors to
follow bicycle lines in their entirety, and to change the design
only as much as was necessary
to apply the internal combustion
The same is true of motorcycle
motor and its auxiliary devices.
development, because, while
The first aim was simplicity, as
undoubtedly the bicycle indusit was believed that most of the
try contributed much to the first
recruits to the motorcycle would motorcycle designers, there is
come from the vast army of
now a tendency to depart from
wheelmen and that, unless one
the rules of practice found deconformed very closely to the
sirable in bicycle construction
construction with which they
and to base motorcycle design
were all familiar, they would not upon entirely new principles
take kindly to the power-prowhich apply only to
pelled forms.
self-propelled vehicles.
This same impression was curThe modern motorcycle, thererent among early automobile
fore, may be considered more of
designers, and for the first few
an automobile than a bicycle,
years motor-propelled vehicles
because in the latest forms we
did not differ much in appearhave practically all of the feaance from the horse-drawn
tures found in automobile concarriages of the period. It did
struetion. The motorcycle of tonot take automobile designers
day uses a free engine-clutch
long to realize that the requireand change speed gearing, a
ments of the two forms of conpositive power transmission
57
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system and forms of power
plant not unlike those used in
automobiles. The general construction throughout is stronger
and heavier, and larger tires are
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used. Spring forks and spring
frames contribute much to the
comfort of the rider, and are
really developed from the automobile, which always has car58

ried the load on resilient members, whereas the majority of
bicycles depended solely on
pneumatic tires to cushion the
road shocks.
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The general rules upon which
modern motorcycles are based
are those of automobile design
rather than the bicycle art, and
this is the best insurance of
reliability and efficiency that the
motorcyclist of today has.
So long as the development of the
motorcycle follows lines that have
been demonstrated to be correct
in automobile practice, though, of
course, changed in detail to make
them suitable for the lighter constructton, we can hope for material progress and refinement and
perhaps the attainment of practical perfection.

The Modern Motorcycle, Its
Parts and Their Functions
Before describing the construction or features of design of
motorcycle components, it will
be well to outline the principal
parts of the motorcycle, and
describe their functions so the
matter that follows will be intelligible to the non-mechanical
reader who is not experienced
with the motorcycle mechanism.
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The foundation of any form of
vehicle must necessarily be a
frame to which the various parts
are attached and which also
serves to join the front and rear
wheels on which the weight is
carried. In general aspect, the
frame of the conventional form
of motorcycle does not differ
from that of the bicycle, though
in some constructions a departure is made in utilizing springs,
as a portion of the framework.
This is true of the machine
shown at Fig. 28 with all important parts clearly outlined.
One important difference between the motorcycle frame and
that of the bicycle is the use of
heavily reinforced tubing, and a
departure from the usual diamond frame structure. The lower diagonal bar which goes to
the crank-hanger of the motorcycle is often in the form of a
loop in which the motor is supported. To provide greater
strength than would be secured
by but one tube at the top of the
frame, practically all motorcycles have two tubes which ex59

tend from the steering head to
the seat-post mast or tube.
In order to obtain a low saddle
position, the top frame tube drops
appreciably at a point about onethird of its length away from the
seat post. The space between the
frame bars is usually occupied by
fuel and oil tanks.
Next in importance to the frame
structure, which includes the
wheels, handle bars, saddle,
mud guards, luggage carrier,
rear wheel stand and foot rests
as well as the frame itself is the
power plant, and then comes
the transmission system.
The power plant is composed of
a gasoline engine and a number
of auxiliary devices upon which
its action depends. The driving
system includes the clutch, the
variable speed gearing and the
method of final drive. The direction of travel of a motorcycle is
controlled in the same manner
as that of a bicycle as the front
wheel is mounted in a fork
member swiveled in the steering
head of the frame.
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The fork stem is usually provided with ball-bearings so it will
turn easily, and the long leverage obtained by the conventional handle bars insures positive
control of the front wheel under
any road condition. In order to
make for easier riding, the front
wheel is carried in a supplementary movable fork member
which is attached to links extending from the fixed fork at its
lower end and to a laminated
leaf spring at its upper end.
The base portion of the spring is
securely attached to the fixed
fork member so that while the
front wheel is free to move up
and down under the influence of
road irregularities, the main
stress is taken by the fixed fork
member which is capable of only
the oscillating motion necessary
to steer.
The rear end of the frame of the
machine shown at Fig. 28 is
also carried by a leaf spring and
the rear wheel is mounted in a
movable fork member that operates in just the same way as
that at the front end.
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The power of practically all motorcycles is derived from burning
gasoline vapor in the cylinders of
a small heat engine which is
termed a gasoline motor on account of having been designed
primarily for use with that fuel,
though at the present time these
engines will work on practically
any hydrocarbon liquid.
Grouped with the motor are the
auxiliary devices consisting of a
carburetor to supply the explosive vapor to the cylinders and a
magneto which furnishes the
electrical energy used for exploding the gas in the combustion chambers.
The fuel tank, oil pump, and oil
tank may also be considered part
of the power plant. In the machine shown, the power of the
engine is delivered from a small
sprocket on the motor crankshaft
to a large sprocket forming a part
of a clutch casing.
The driven members of the
clutch are attached to a small
sprocket, which in turn delivers
its power to a larger member
attached to the rear-wheel hub.
60

The clutch is a simple device
used to disconnect or connect
the engine power to the rear
wheel at the will of the rider.
If the clutch is out, the engine
will operate without moving the
rear wheel, though if the clutch
parts are in engagement the
power will be delivered from the
engine crankshaft to the rear
wheel, and the engine cannot
operate without producing a
forward motion of the machine
to which it is attached.
The wheels used on a motorcycle resemble very much, in general appearance, those commonly employed on bicycles. The
rims are heavier and made of
steel, while the spokes are of
much greater strength to sustain the greater load.
The tires are of the double-tube
form universally used in automobile and motorcycle practice in
which the inner air tube of very
flexible rubber is protected from
abrasion and depreciation incidental to road contact by a tougher, stronger, but less resilient
casing or shoe.
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The general appearance of motorcycles of various designs and
the relation of important components to each other will be
readily ascertained by careful
examination of the illustrations
Figs. 28 to 39, inclusive.

General Characteristics
Common to all Forms
While motorcycles may differ
from each other in various essentials of design, there are a
number of characteristics which
are common to all modern
forms. Among these may be
stated the method of control,
the location of the power plant,
the general design of the frame,
the placing of the rider’s seat,
and a number of other points of
likeness, which can be easily
ascertained by inspection.
The use of spring forks, and
either spring frames or resilient
saddle supports, is general,
because the rider demands
these refinements at the present
time. No matter what form of
final driving system is used, the
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modern machine is net complete
without the free engine clutch or
variable speed gear, and in most
forms these two are provided in
one unit.
Machines that are built in
America follow certain general
features which are common to
all, and are readily distinguishable from machines of foreign
design which, in turn, have
other peculiarities of construction which are distinctive. It is
the general opinion of those
versed in motorcycle practice
that the American machine is
much simpler in appearance
and much easier to control, and
withal fully as efficient as the
more complicated foreign designs.

Some Modern Motorcycle
Designs.
The illustration at Fig. 29 depicts a successful American
motorcycle which has a particularly pleasing appearance. It is
provided with a twin-cylinder
power plant, and utilizes double
61

chain drive. It incorporates
modern improvements such as
spring forks and spring seat
post, a free engine clutch, and
handle bar control, as not only
is the motor speed capable of
being varied by the control grip,
but the clutch action as well.
The wheel base is sufficiently
long to insure easy riding, the
power plant is carried low to
promote stability, and large tires
make for easy riding and for
minimum depreciation.
The machine shown at Fig. 30 is
another American design which
is shown fully equipped with
various necessary accessories.
An efficient single cylinder machine employing a novel system
of transmission is shown at Fig.
31. Belt drive is employed,
though the arrangement of the
under-geared clutch and drive
pulley permits the use of a large
driving member, which is much
more favorable to efficient power
transmission by belt than the
smaller pulleys attached directly
to the engine crankshaft.
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The machine at Fig. 32 is a
distinctive American design
employing a single-cylinder,
two-cycle engine as a source of
power. This is practically the
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only motorcycle on the American
market equipped with a twocycle power plant. There are a
number of other distinctive
features such as the spring fork
62

construction and the use of a
large hollow aluminum casting
which not only acts as, a fuel
container but which also serves
as the main member of the cycle
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frame, inasmuch as it includes
the steering head at the front
end and the seat-post supporting tube at the rear.
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The machine depicted at Fig. 33
is a representative English design and is a motorcycle that
has received wide application
63

abroad. If one compares the
general construction of this
design with the American machines, it will be noted that the
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latter are much simpler in appearance, on account of concealed control members for one
thing, and the elimination of the
front rim brake and its neces-
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sary mechanism, as well as a
simplet design of spring fork.
While the foreign machines are
unconventional to American
eyes, they are very efficient and
64

for the most part are said to be
considerably more economical to
operate than our American machines. Owing to the uniformly
better roads found in England
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and France than are generally
provided in this country, the
construction is lighter and power plants of lesser capacity are
the rule.
In the illustration at Fig. 33, all
important part, are clearly outlined, and from what has been
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presented previously it should not
be difficult for the reader to understand their functions. Other
representative English machines
of the single-cylinder type are
shown at Figs. 31 and 35.
A machine of very unconventional appearance, yet one that
65

should not be too hastily judged
because of the wide variance
from our pre-conceived American notions of what, a motorcycle should look like, is shown at.
Fig. 36. This bristles with original features, and it has demonstrated its practicability beyond
doubt by winning one of the
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most important of all English
motorcycle competitive events,
the Tourist Trophy race, for two
years in succession. The power
plant is a two-cylinder, twocycle, water-cooled motor which
furnishes the same steady pull
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as a four-cylinder, four-cycle
with a materially diminished
number of working parts. It is
mounted on the bottom frame
tube with the cylinders inclined
toward the steering head. The
cooling water is carried in a
66

combined water-tank and radiator which is placed above and
forward of the engine cylinders
and just back of the steering
head. The frame is a peculiar
open girder construction, and it.
is claimed that the elimination
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of the top frame tube makes it
very easy to mount or dismount.
from the machine. No pedals are
provided, as the engine is start-
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ed with a hand crank in the
same manner as an automobile
motor, and as a two-speed and
67

free engine gear is provided, the
motorcycle may be readily started from a stand-still. The fuel
tank is of approximately oval
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section, and at the back end it
provides a support for the rear
fork stays to which the front end
of the luggage carrier and the
saddle supporting member are
attached. The machine is provided with foot boards and a
front wheel stand, following
general European practice.
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One point that will impress the
American motorcyclist, is the
multiplicity of control levers
mounted on the handle bars,
and the general appearance of
complication is much intensified
by the number of control wires
ex-tending from the handle bars
to the various portions of the
68

mechanisin they are intended to
regulate.
The motorcycles shown at Figs.
37 to 39, inclusive, are of
French design, and it will be
apparent that these follow English practice more than American, though they are not as well
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finished in detail as either the
English or American machines.
A single-cylinder motor with a
double chain drive is utilized for
power in the motorcycle shown
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at Fig. 37, which is the simplest
of the three forms. Two-cylinder
motors are used on the remaining two designs, one using a
single chain final drive, while
69

the other employs a V-belt. The
spring fork of the Clement machine, shown at Fig. 38, is of
English design, though the similar members of the other two
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are undeniably of French derivation. The utility of the front
wheel stand which is provided
on a number of the foreign machines is clearly outlined at Fig.
38, and it will be apparent that
it is possible to remove both
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front and rear wheels from the
machine in question without
depriving it of means of support
that will keep it upright, and in
the proper position for the easy
replacement of the wheels. This
is a valuable feature, as it is
70

often desirable to rotate the
front wheel as when adjustingthe wheel bearings, testing the
wheel for truth of running and
in making tire repairs. If both
front and rear wheels are removed from an American ma-
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chine, there is nothing to support the front end, and it requires considerable patience to
find the necessary odds and
ends such as cobbles, bricks or
pieces of wood to support the
motor weight by filling up the
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space between the bottom of the
frame and the ground, in order
to raise the front wheel clear for
removal or to keep the frame in
proper position for wheel replacement. In essentials, the
English and French motorcycles
71

do not differ from those we are
familiar with, though, of course,
one must expect to find the
individuality of the foreign designer expressed in some ways.
It is apparent to anyone who will
consider the merits of the vari-
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ous designs shown, without
prejudice, that the American
designer produces neater motorcycles than his foreign contemporary, and machines that are
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really more practical because of
the simplicity of control and the
general strength of parts demanded by our severe operating
conditions.
72
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CHAPTER II.
MOTORCYCLE ENGINE GROUP.
The Gasoline Engine and Auxiliary DevicesFeatures of Two Main Engine TyposOperating Principles of Four-Cycle EnginesHow Two-Cycle Engine WorksMethods of Figuring Rated HorsepowerHow Actual Horsepower is TestedRelation of Torque to Horsepower and Its MeaningReason for Cooling EngineAir or Water CoolingEfficiency of Air-Cooled MotorsMethods of Air CoolingWater-Cooling Methods Features of One-Cylinder MotorsAdvantages of Multiple-Cylinder FormsTypes of Two-Cylinder Power PlantsFour-Cylinder FormsPower Plant Support and LocationMotorcycle Engine Parts and Their Functions.
========================================
The Gasoline Engine and Auxiliary Devices
To the un-informed, a motorcycle or automobile power plant seems to consist essentially of a gasoline motor, but to the
initiated it is known that while the internal
combustion engine is a very important
component of the power plant it is of little
73
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more value than so much metal
when one of the important auxiliary devices which are distinct
in construction from the engine
fails to function properly.
A complete motorcycle power
plant with all auxiliary devices
clearly outlined is illustrated at
Fig. 40, and it will be apparent
that in addition to the gasoline
engine various other devices are
included in the power-producing
assembly.
In the first place, it is necessary
to provide some method of storing the fuel, or a gasoline tank,
and then of supplying it to the
cylinder in the form of an inflammable gas. The latter is the
function of the carburetor to
which the gasoline from the
tank is first directed. This device
mixes the gasoline vapor and air
in proper proportions, and supplies the vapor to the inlet valve
cage of the motor.
Some means of exploding the
charge of gas in the cylinder is
necessary, so an ignition system
is used which is composed of a
high-tension magneto, a suit74
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able length of conductor and a
spark plug in the cylinder. The
wire conveys the electricity generated by the magneto to the
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spark plug inserted in the combustion chamber. In order to
prevent annoyance, due to noisy
operation, a silencing device or
75

“muffler” is attached at the end
of the pipe through which the
exhaust gases leave the engine
cylinder. As it is important that
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any piece of machinery should
be properly oiled, if it is desired
that it work efficiently, a portion
of the gasoline tank is parti-
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tioned off to form a supplementary oil tank to hold an adequate supply of lubricant. Some
means of supplying the oil to the
76

engine must be provided so, in
the simple form of power plant
outlined, one may inject the oil
directly to the engine base
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through the medium of a handoperated oil pump. This may be
either built into or attached to
the side of the tank.
Another means of supplying oil
besides the hand-pump is pro-
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vided on most motorcycle power
plants, and this may be either a
mechanically operated pump or
a gravity sight-feed.system in
which the oil flows to the engine
because of its weight. The
amount of lubricant is regulated
78

by a suitable needle valve that
controls the passage leading
from the oil tank to the gauge
glass chamber. In addition to
the gasoline engine itself, it is
therefore necessary to include a
carburetor or gas maker, a mag-
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neto or spark producer, a muffler to silence the exhaust gases,
some system of lubrication, and
suitable containers for fuel and
lubricating oil. Another type of
power plant with all parts clearly shown, excepting the fuel and
oil containers, is presented in
Fig. 41.

Features of Two Main
Engine Types.
Two types of gasoline engines
have been applied generally to
furnish power for transportation
purposes. These differ in construction and operating cycle to
some extent, though in all forms
power is obtained by the direct
combustion of fuel in the cylinders of the engine.
In all standard engines, a member known as the piston travels
back and forth in the cylinder
with what is known as a reciprocating motion, and this in turn
is changed into a rotary motion
by suitable mechanical means
to be described fully in proper
sequence.
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Gas engines may operate on
either the two-cycle or four-cycle
principle, the former being the
simplest in action, though the
latter is easiest to understand.
The sectional view of a two-cycle
engine depicted at Fig. 45 shows
the three moving parts employed. The gas is introduced
into the cylinder, and expelled
from it through ports cored into
the cylinder walls, which are
covered by the piston at a certain portion of its travel and
uncovered at other portions of
the stroke. The three moving
parts are the piston, connecting
rod and crankshaft.
If this type of power plant is
compared with the four-cycle
engine shown at Fig. 42, it will
be apparent that it is much
simpler in construction.
In the four-cycle engine, the gas
is admitted into the cylinder
through a port at the head
closed by a valve, while the
exhaust gas is expelled through
another port controlled in a
similar manner.
79

These valves must be operated
by mechanism distinct from the
piston. In addition to the three
main moving parts used in the
two-cycle engine, there are a
number of auxiliary moving
members that are part of the
valve-operating mechanism. The
four-cycle engine is more widely
used because it is the most
efficient type.
The two-cycle engine is simpler
to operate and is very smooth
running, but it is not as economical as the four-cycle because a portion of the fresh gas
taken into the cylinder is expelled through the open exhaust
port with the burnt gases before
it has a chance to ignite.
As the four-cycle engine is more
generally used, its method of
operation will be described first.
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Operating Principles of
Four-cycle Engines
The action of the four-cycle type
will be easily understood if one
refers to the illustrations at
Figs. 42 and 43. It is called a
four-stroke engine because the
piston must make four strokes
in the cylinder for each explosion or power impulse obtained.
The principle of a gas engine is
similar to that of a gun, i. e.,
power is obtained by a rapid
combustion of some explosive or
other quick-burning substance.
The bullet is driven out of a gun
barrel by the powerful gases
liberated when the charge of
powder is ignited. The piston of
a gas engine is driven toward
the open end of a cylinder by
the similar expansion of gases
resulting from combustion.
The first operation in firing a
gun or securing an explosion in
the cylinder of a gas engine is to
fill the combustion space with
combustible material. The second operation is to compress
this, and after compression, if
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the charge is ignited, the third
operation of the cycle will be
performed. In the case of the
gun, the bullet will be driven out
of the barrel, while the piston of
the gas engine will be forced
toward the open end of the cylinder. As the bullet leaves the
mouth of the gun, the barrel is
automatically cleared of the
burnt powder gases which escape to the outer air because of
their pressure. The gun must be
thoroughly cleared before the
introduction of a new charge of
powder. In a gas engine, the
fourth operation or exhaust
stroke is performed by the return stroke of the piston.
The parts of a simple engine
have been previously indicated,
and, in order to better understand the action, it will be well
to consider briefly the various
parts and their functions. The
cylinder is an important member because it is-in this portion
that practically all the work is
accomplished. The cylinder is
provided with three ports at the
combustion end, one through
80

which the gas is admitted, controlled by an inlet valve, another
through which the burnt gas is
expelled, closed by the exhaust
valve, and the third in which the
spark, plug used to ignite the
compressed gas is screwed. The
reciprocating motion of the piston, which is the member moving up and down in the cylinder,
is transformed into a rotary
motion of the crankshaft by a
connecting rod and crank pin.
In the simple engine shown at
Figs. 42 and 43, the inlet valve
is an automatic one, while the
exhaust member is raised from
its seat by a mechanism including the cam-shaft, cam, valveoperating bell crank and plunger. At Fig. 42-A, the piston is
starting to go down on the first
stroke of the four necessary to
produce a complete cycle of
operations. As the piston descends, it creates a suction in
the combustion chamber, the
automatic valve is drawn down
from its seat, and a fresh charge
of gas is inspired into the cylinder through the inlet pipe which
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communicates with the gas
supply device or carburetor. The
inlet valve will remain open until
the piston reaches the bottom of
its stroke.

confined in a gun barrel and
exploded, it will drive the bullet
out with a great amount of
force, or burst the metal walls of
the container.

extending to a slow combustion
wherein the temperature is not
raised enough to expand the
gasses efficiently as the degree
of compression is lowered.

As soon as the pressure inside
the cylinder is equal to that
outside, which condition obtains
as soon as the piston has
reached the end of its downward
stroke and the cylinder is filled
with gas, the inlet valve is
closed and the piston starts to
return on the next stroke, as
shown at Fig. 42-B.

Gasoline vapor and air will ignite and burn freely at atmospheric pressure, and a gasoline
engine could be made to run
without compression. The expansion of the unconfined gases
would not be great enough to do
effective work, however, and the
fullest efficiency of the fuel is
obtained by compacting it into
the smallest possible space and
then igniting it at the instant
when it is compressed the most.

A good example of slow combustion is the decay of wood, while
the phenomenon that we call
“burning” may be taken as an
illustration of quick combustion.

As both valves are closed, the
combustible gas with which the ,
cylinder is filled is compressed
into a much smaller volume.
The reason for compression is
that any agent which gives out
energy through the expansion of
gases is rendered more efficient
by confining it in a restricted
space and directing the whole
energy against some one spot.
A tuft of guncotton could be ignited while lying loosely in the
hand and it would burn freely
but without an explosion. If it is

Any chemical action requires
close contact between the materials producing it, if it is to occur under the most favorable
conditions. That which occurs
when a mixture of gasoline vapor and air are brought into
contact with the flame or arc of
the electric spark is practically
instantaneous if the gases are
crowded together. If the gas is
not properly compressed, the
action becomes more dilatory,
81

It is said that the same amount
of heat is produced by either
combustion, but only the latter
produces it quickly enough to be
noticeable.
The comparatively slow combustion of the gases in the engine
cylinder, when at atmospheric
pressure would not permit the
energy derived from the heat to
act all at once.
When the gases are compressed, the particles of vapor
are in such intimate contact
that combustion is practically
instantaneous, and the gases
give off maximum energy by
expanding their utmost, due to
the high temperature developed.
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The piston is also in a position
to be acted upon most readily as
the force due to pressure of the
gas is directly against it and not
exerted through a cushion of
elastic half-ignited gas as would
be the case if the charge was
not compressed before ignition.
When the piston reaches the top
of its second stroke, the compressed gas is exploded by
means of an electric spark between the points of the spark
plug, and the piston is driven
down toward the open end of
the cylinder, as indicated at Fig.
43-C.
At the end of this down stroke,
the pressure of the gases is
reduced to such a point that
they no longer have any value in
producing power. At this time,
the cam, which is operated in
timed relation to the crankshaft
travel, raises the exhaust valve
from its seat, as at Fig. 43-D,
and the burnt gases are expelled through the open exhaust
port until the cylinder is practically cleared of the inert products of combustion, the natural
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scavenging action, due to gas
pressure being assisted by an
upward movement of piston.
The piston once more begins to
descend, as shown at Fig. 42-A,
and the inlet valve open: to
admit a new charge. The rest of
the cycle of operations follow in
the order indicated, and are
repeated as long as the cylinder
is supplied with gas and this is
ignited.
When a two-cylinder engine is
employed the action is practically the same, except that the two
cylinders are accomplishing
different operations of the cycle
simultaneously.
For example, in the engine
shown at Fig. 41, which is of the
two cylinder V-type so widely
used in motorcycle and cycle car
practice, we find at A, that while
the piston in the left hand cylinder is going down and drawing
in a charge, the piston in the
right hand cylinder has just
reached the end of its compression stroke, and is starting to go
down under the influence of the
expanding ignited charge of gas.
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When the pistons reach the
bottom of the stroke, before
starting up again it will be seen
at B, that the cylinder on the
left hand side is full of fresh gas
and the inlet valve is closed,
while that on the right side is
still filled with the flaming gases
due to the previous explosion.
The position of the pistons at
the end of the next stroke is
depicted at C. Here the cylinder
on the left side, the piston of
which has just compressed a
charge, has its combustion
chamber full of burning gas,
while the cylinder on the right
side is just being cleared of the
inert gases produced by the
previous explosion through the
open exhaust, valve member.
At D, the beginning of the last or
exhaust stroke in the left side cylinder is indicated. As the piston is
about to go up and the exhaust
valve is opened, the burnt gars can
be properly discharged. The right
hand cylinder is filling with gas
through the open inlet valve as the
suction stroke in that cylinder is
not yet fully completed.
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It will be evident that while the
piston in one cylinder is just
beginning to go down on an inlet
stroke, that in the other cylinder
is just completing a compression stroke. When the piston in
the left-hand cylinder is just
beginning its compression
stroke, that in the right-hand
cylinder is completing its explosion stroke.
When the piston in the left-hand
cylinder is being forced down by
exploded gas. the similar member of the right-hand cylinder is
just finishing its exhaust stroke.
When the piston in the left-hand
cylinder is starting on its exhaust stroke, that in the righthand cylinder has just completed its suction stroke. By having
two cylinders performing different functions simultaneously, it
is possible to obtain one explosion for each revolution of the
fly-wheel, whereas in a singlecylinder engine it takes two
revolutions of the crankshaft to
obtain one useful power stroke.

2. MOTORCYCLE POWERPLANT GROUP

How Two-cycle Engine Works
The two-cycle engine works on a
different principle, as while only
the combustion chamber end of
the piston is employed to do
useful work in the four-cycle
engine, both upper and lower
ends are called upon to perform
the functions necessary to twocycle engine operation. Instead
of the gas being admitted into
the cylinder, as is the case with
the four-cycle engine, it is first
drawn into the engine base,
where it receives a preliminary
compression, prior to its transfer to the working end of the
cylinder.
The views at Fig. 45 show clearly the operation of a two-port,
two-cycle engine. Assuming that
a charge of gas has just been
compressed in the cylinder and
that the upward movement of
the piston while compressing
the gas above it has drawn in a
charge through the automatic
intake valve in the crankcase, it
will be apparent that, as soon as
the piston reaches the top of its
stroke, and the gas has been
83

properly compressed, the explosion of this charge by an electric
spark will produce power in just
the same manner as it does in
the four-cycle motor.
As the piston descends, due to
the impact of the expanding
gases, it closes the automatic
inlet valve in the crankcase and
compresses the gases confined
therein.
When the piston reaches the
bottom of the cylinder it uncovers the exhaust port cored in
the cylinder wall and the burnt
gases leave the cylinder because
of their pressure. A little further
and the downward movement of
the piston uncovers the intake
port, which is joined to the
crankcase by a by-pass passage,
at which time a condition exists
as indicated at Fig. 45, B.
The piston has reached the
bottom of its stroke, and both
exhaust and inlet ports are
open. The burnt gases are flowing out of the cylinder through
the open exhaust port, while the
fresh gases are being transferred from the crank-case,
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where they had been confined
under pressure to the cylinder.

The operating principle of the
three-port two-cycle engine is
just the same as that previously
The fresh gas is kept from passdescribed except, that the gas
ing out of the open exhaust port
from the carburetor is admitted
opposite the inlet opening by a
to the crank-chamber through a
deflector plate cast on the piston
small port in the cylinder wall,
head, which directs the entering
which is open when the piston
stream of fresh gas to the top of
reaches the top of the stroke.
the cylinder.
The three-port method of conAs the piston goes back on its up
struction makes it possible to
stroke, the exhaust and inlet ports
dispense with the automatic
are closed by the piston wall, and
inlet valve shown in Fig. 45, and
the charge of gas is compressed
an engine of this kind is thereprior to ignition. As the piston travfore a true valveless type. The
els up on its compression stroke,
two-cycle motor, while it offers
the inlet valve in the crankcase
many advantages in theory, has
opens, due to the suction produced
some weaknesses, because if it
by the piston, and admits a charge
did not have any disadvantages,
of gas through the open crankcase
it would soon entirely supplant
intake port.
the more complicated four-cycle
It will be seen that an explosion engine.
is obtained every two strokes of
The two-stroke type has already
the piston instead of every four
proven practical in the Scott
strokes, as is the case with a
motorcycle, a British design,
four-cycle engine. In the twoand the Schickel motorcycle, an
cycle form, one explosion is
American construction. At the
obtained for each revolution of
present time, there is considerthe crankshaft, while iu the
able interest manifested in this
four-cycle two revolutions of the
type of power plant in England,
crankshaft. are necessary to
and a number of very efficient
obtain one power impulse.
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light-weight machines of two
and three horsepower have been
evolved that employ small twocycle power plants. The only
form of two-cycle engine to have
received any application in motorcycle service is the valveless
three-port type. The two-port
system has received some application in marine service, but it
is not capable of as high speed,
and is not apt to function so
regularly as the three-port, owing to check valve trouble. In
the latter form, all valves are
eliminated.
As the exhaust port opens first
and closes last, considerable
burnt or inert gas will mix with
and dilute each new charge, and
as the exhaust port is still open
after the inlet port closes it is
apparent that even the best
designed deflector will not provide positive insurance that
none of the fresh charge will be
discharged with the hot gas and
escape to the outer air through
the muffler without ever being
exploded at all.
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The efficiency of a two-cycle
motor is considerably lower than
that of a four-cycle, as while
theoretical considerations would
indicate that with twice the
number of explosions one
should double the power for a
given cylinder volume, the actual increase over a four-cycle of
the same size is but fifty per
cent. Of course, the two-cycle
engine has some real merits to
offset the grave defects. Its extreme simplicity insures that
nothing can go wrong with the
engine itself because the piston,
connecting rod and crankshaft
are the sole moving parts.
A two-cycle engine will continue
to develop its rated power, and
actually improves in power output as it continues in service. In
a four-cycle engine, however, if
the valve timing changes, as is
very apt to occur when the
valve-operating mechanism
wears or gets out of adjustment,
its efficiency is materially reduced.
Barring accidents due to deliberate neglect, practically the
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only condition that can develop
in the cylinder that will reduce
the power output of a two-cycle
engine is carbonization, and it is
not a difficult matter to scrape
off the carbon deposits from a
simple cylinder with no valve
chamber in the head, as employed in two-cycle engines. Of
course, the bearings at the
crankcase may wear to such a
point that there will be a loss in
crankcase compression, but this
will not occur until the engine
has been in service for a long
period, and when bearing depreciation does materialize it is not
a difficult proposition to refit the
brasses, and restore the engine
to its former efficiency.
It is claimed that the two-cycle
motor will not carbonize as
quickly as the four-cycle because, while the latter is lubricated for the most part by haphazard hand pump supply, on
most of the two-stroke engines
lubrication is very easily accomplished by mixing the lubricating oil with the gasoline.
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The two-cycle construction is
peculiarly well adapted for this
system of lubrication, which
would soon put a four-cycle
engine out of commission because the fresh charge, which
contains the oil emulsion, is
first drawn into the crankcase
where considerable oil will be
deposited on the mechanical
parts before the charge is directed into that portion of the cylinder above the piston. The twocycle engine is not anywhere
near as flexible as the four-cycle
power plant, but it is capable of
a high-power output at low
speeds.
Owing to the frequently recurring explosions an even pull or
torque is obtained from a twocycle motor, which promotes
efficiency and lessens wear of
the transmission system, including speed-changing gear as
well as final drive, and which
also materially augments the life
of the tire on the traction member.
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Methods of Figuring Rated
Horsepower
To calculate the horsepower of
any four-cycle motor, the following general formula may be
used, this giving the output of a
single cylinder, and must be
multiplied by the number of
cylinders for multiple cylinder
engines:
HP = PLAR/(2x33,000)
In which
P = Pounds per square inch.

2. MOTORCYCLE POWERPLANT GROUP
L = Stroke of piston in inches.
R = Revs/minute, crankshaft.
n = Number of cylinders.
M.L.P. = Mean effective pressure.

The formula below is a simple
one for four-cycle engines,
though the results can be multiplied by 1.50 to obtain power
rating of average two-cycle engine of the same dimensions:
H.P. = PLD 2 R

L= Length of stroke in feet.

with three decimal places pointed off.

A = Piston area in inches.

In which

R = revolutions per minute.

P = Mean effective pressure.
L =Stroke in inches.

The following can be used for
either four-cycle or two-cycle
motors: depending on the constant used as a divisor:
D2 x L x n M.E.P. x R. I.H.P. 4-cycle
550,000
Constant for two-cycle engines,
275,000.
D = Bore of cylinders in inches

D = Diameter in inches.
R=Number of cylinders.
The mean effective pressure can
be assumed or taken from tables.
A speed of 1,000 RPM is the
only assumption made, and the
formula takes into consideration
pressure, bore and stroke, and
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is the simplest form to which
the writer has yet been able to
reduce the horsepower fomula,
still retaining all the essentials.
The pressure in any engine is
assumed to be a mean effective
pressure or average pressure
throughout the stroke, and is
written M.E.P. For gasoline
engines of the usual four-cycle
type, this pressure can be assumed at between 75 and 100
pounds, it, of course, varying
with the general design.
The actual mean effective pressure of an engine which has
already been built can be determined by the inatwgraph, which
records by means of a streak of
light the outline of the indicator
card, which, if desired, can be
permanently retained by means
of a photographic plate. It can
also be determined at speeds
under 500 revolutions per
minute by diagrams produced
by ordinary steam engine indicators, but these arc not accurate when used with high-speed
gasoline engines, the nomograph being far superior.
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Fig. 46.-Method of Testing Power of Motorcycle Engine With Cradle Dynamometer.
Mean effective pressure increases as the compression, and
decreases as the revolutions per
minute augment. The thermal
efficiency of a motor is the ratio
between the work clone and the
thermal energy contained in the
fuel consumed, and is between
15 to 30 per cent. The mechanical efficiency, by which is understood the ratio between the

work actually clone to the energy expended on the piston by
the expanding gases, is approximately 85 per cent.
For easy comparison of one machine with another, and for
facili-tating handicapping at hillclimbs and race meets, the following formulae have been given out
by clubs and associations.
87
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For the sake of uniformity, let:
D = piston diameter in inches.
S = Stroke in inches.
R = Revolutions per minute.
N= Number of cylinders.
Use in the formulaes below:

S.A.E. formula:
HP = D2/2.5

Roberts formula:
HP = D2LNR/1,800

Royal Auto Club:
HP = {(D + L)2 x N}/9.92
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To. simplify reading of the
above, the horsepower figures
are approximate, but correct
within one-sixteenth.

How Actual Horsepower is
Tested
While it is possible to arrive at
some estimate during the preliminary designing or construction of a motorcycle power plant
of the amount of power that can
be expected, the only true indication of actual engine capacity
is some form of dynamometer or
brake test. A typical method of
testing is illustrated at Fig. 46
and the general arrangement of
parts can be readily understood
by referring to the diagram. The
apparatus used for this test is
known as a “cradle-dynamometer” and power is measured by
an electro-magnetic pull, the
value of which increases as the
engine capacity augments.
The motor drives the armature
of what is really an electric generator by a belt, and an electric
current is produced which is
dissipated or absorbed by the
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resistance R1. This current sets
up a magnetic attraction which
tends to pull the field around
with it. This field ring is not only
very carefully balanced but is
supported by ball bearings in
the pedestals which permit it to
oscillate with but slight magnetic pull. The amount of magnetic
attraction may be measured by
the weight W carried at the end
of the long lever attached to the
oscillating field. The pull depends upon the amount of current flowing through the field,
and this is usually supplied
from an independent source and
is controlled by the rheostat R2.
In calculating the power developed, it is necessary to know the
number of revolutions the armature is making, so this is determined by the revolution counter
or tachometer T which is driven
from the armature shaft by suitable gearing and a flexible shaft.
In making a test, a number of
resistance coils in the rheostat
RI are put in circuit for absorbing the armature output, and
enough electric current from
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some extraneous source is allowed to flow through the field
by means of the rheostat R2 to
hold the motor down to the
required speed. Weights are
placed on the arm at W until the
field ring balances. The number
of revolutions as indicated by
the tachometer is noted and the
horsepower obtained under
these conditions may be readily
computed.
If it is desired to test the horsepower at lower or higher speeds,
the weights are removed and the
amount of current flowing
through the field is altered to
obtain the desired speed. If the
current is increased the speed
becomes less, while decreasing
the current will allow the motor
to run faster. When the proper
number of revolutions are obtained, the weights are changed
until the field ring again balances. The horse-power is very
easily found by a simple formula
which can be expressed as follows if one assumes that the
distance from where the weight
is supported to the center of the
armature shaft is one foot:
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HP = Weight x RPM x 2 x 3.1416
33,000
For example, if the motor pulls
29 pounds at 2,400 revolutions
per minute, we would have.
substituting known values in
the above formula
29 x 2,400 x 2 x 3.1416
33,000
= 13.25 HP

If the field current is strengthened so that the motor is slowed
down to 1,500 revolutions per
minute and the torque is indicated as 36 pounds, we have:
36 x 1,500 x 2 x 3.1416
33,000
= 10.28 H.P.

The actual horsepower of an
engine may be determined by
other forms of dynamometers, of
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which the prony brake is a
widely used form. This differs
from the electric devices described, as the power delivery is
obtained by a friction brake
that, in its simplest form, may
consist of a rope passed around
a fly-wheel or pulley attached to
the motor shaft or driven by it
and having its free ends attached to spring balances or one
attached to a fixed point while
the other is weighted.
The usual form of Prony brake
consists of a band of leather or
steel to which a number of
hardwood blocks are fastened,
and the whole is bent around
the fly-wheel of the engine to be
tested to form a brake band,
which may be made to bear
against the fly-wheel with any
degree of pressure desired by
the operator. A lever is attached
to one side of the brake hand,
and the tendency of the revolving fly-wheel to carry the lever
around with it when the band is
tightened, is resisted by weights
or spring balances.
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The method of determining the
power with the mechanical brake
is just the same as that followed
when the electric cradle dynamometer method is employed.
Another simple and effective
method of determining the
horsepower is to have the engine run a generator of electricity and absorb the current delivered by any suitable resistance
such as banks of incandescent
lamps. The current output from
the generator may be measured,
and for every 746 watts of current obtained, the engine is
delivering about 1.10 horsepower. While 746 watts is the
electrical equivalent of a horsepower, there is a certain loss in
energy in converting the mechanical power into electric
current, and this must be considered in determining the engine power.
Still another method of obtaining the actual horsepower of a
gasoline engine is by driving a
large air fan which has movable
vanes or plates attached to the
arms so that these may be
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placed at any point on the
length of the arm. As it takes a
certain amount of power to overcome air resistance, if the area
of the plates is known, one can
determine the amount of power
delivered by the engine by considering the distance the blades
travel in a given time.

Relation of Torque to HorsePower and Its Meaning
In considering the power capacity of various types of prime
movers, ‘`torque,” is a technical
term that receives considerable
application, and like most of the
simple mechanical expressions,
it does not, mean much to the
average reader of semi-technical
or mechanical works. As it is a
very simple way of expressing
power delivered to or by a rotating member, such as an engine
crankshaft, pulley, sprocket or
wheel, it seems desirable that a
more general understanding of
this terra should exist. The writer has used this expression
previously, and as it will be
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employed in a number of the
chapters to follow, in exposition
of power generation and transmission systems, the appended
brief explanation may serve to
promote a proper understanding
of its meaning.
It is generally known that power
is expended in doing work, and
that as the amount of work or
resistance is increased, the
amount of flower or energy required augments proportionately. The power delivered by an
engine crankshaft can be expressed very well as “torque”
which generally is considered in
pounds-inches or pounds-feet,
or simply as a certain pull or
push having a definite value in
pounds.
The relation between torque and
horsepower is simply that the
former is produced by or can
produce the latter. The amount
of torque is directly proportional
to the power producing it, and it
increases as the power augments, if the rotative speed
remains constant.
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For example, we desire to find
the useful driving force or power
delivered by a gasoline engine of
certain proportions. If the engine was used in motorcycle
propulsion, it would be desirable to know the amount of pull
that would be present at the
pitch line of the driving sprocket, in order to ascertain if the
engine could overcome the resistance of traction wheel movement. This pull would be a
torque of so many pounds value
depending upon the speed and
power of the engine and the
distance between the sprocket
pitch line and a point at crankshaft center.
In ascertaining the value of the
turning effort or torque, it is
desirable to find the amount
present at one inch radius from
shaft center first, then the actual pull may be readily determined by dividing the torque in
inch-pounds by the distance in
inches from the crankshaft center to the point where the power
is exerted.

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

2. MOTORCYCLE POWERPLANT GROUP

92

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
The following simple example
will clearly define the practical
application of the formula previously, used to this case. The
formula expressed as a rule is:
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Dividing this value by the radius
of the pulley, or 3 inches, gives
us a pull equivalent to 105
pounds at the pulley surface.

1, this could be transmitted
Torque is equal to the product of without loss directly to the 18
inches diameter driving pulley
the horsepower multiplied by
on the rear wheel, we would
63,024, divided by the revoluhave a pull of 105 pounds on
tions per minute of the shaft.
the surfaces of that member at
This rule is almost universally
9 inches radius from traction
employed in determining the
wheel center.
value of the pull available from
a given power at a definite point Owing to the difference in size
between the pulleys, the driven
of one inch from shaft center.
member would turn at but oneAssuming the engine in question
third the speed of the driving
was capable of delivering 10
member on the engine shaft, or
horsepower to its crankshaft, at
666.66 revolutions per minute.
a speed of 2,000 revolutions per
minute, and that we wish to find Even though the wheel turns
slower, the torque, one inch
the pull available at the driving
from the traction wheel center,
face of a 6-inch diameter, flat
would be equivalent to 10 horsebelt pulley, attached to the engine crankshaft, we can. substi- power, as while it would be 945
tute known values and have the inch-pounds, the speed of the
following expression:
rear wheel is but one-third that
of the engine shaft, and therefore the torque should be three
10 x 63,024/2000
times as much. If the amount of
= 315 inch-pounds.
power remains constant, the
torque or pull increases as the
93

speed is reduced, and diminishes as the speed of rotation is
augmented. Torque or pull is
always greatest near shaft center, as for example, at one-half
inch radius it is twice as great
as at one-inch radius, all other
conditions remaining equal.
It is usually based on one inch
radius to facilitate calculation.
An engine capable of exerting a
torque or pull of 315 inchpounds would only exert 26.20
pounds pull at 12 inches radius
under the same speed and power conditions.
The torque of large engines is
measured in foot-pounds in
order to simplify figuring, while
that, of smaller capacity power
plants is more often expressed
in inch-pounds.
When actual horsepower tests
are made, there is a point in
every horsepower diagram
where the torque and horsepower curve lines intersect, and an
engine is not exerting its greatest torque at its highest rotative
speed. It will be noted that the
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horsepower curve in the diagrams at Fig. 47 attains its maximum value at a certain point,
and from there it drops as the
speed increases. This falling of
power is on account of the higher mechanical losses in the
power plant at high speeds due
to the increased friction of the
parts and also thermal losses
because of difficulties in scavenging or clearing out the cylinder properly and taking in a full
charge of fresh gas.
As one would expect, the torque
is greatest at low speeds, and
gradually becomes less as the
speeds of rotation increase. The
relation of torque and horsepower lines to each other when
plotted on charts is clearly
shown in the diagrams at Fig.
47. In the first one, the test of a
single cylinder engine rated at 5
horsepower is shown, while in
the next one the results obtained by testing a 9 horsepower
nominal rating twin-cylinder
engine are plotted.
Such diagrams are not difficult
to read, and they are especially
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valuable in presenting a large,
volume of information in a small
space.
To read these diagrams of Fig
47, it is merely necessary to
trace a vertical line denoting the
speed in revolutions per minute
desired to the point where it
intersects the horsepower curve,
and then following out the horizontal line to the right of the
chart, where the horsepower
delivered at that speed will be
clearly indicated.
The same procedure is followed
in reading the torque, only that
the horizontal line is followed to
the left of the diagram where
the torque in pounds at one foot
radius is outlined.
For example, considering the
first chart, it will be apparent
that if we follow the vertical line
indicating 1,300 revolutions per
minute upward, we will find
that it intersects both the
torque and horse-power curves.
Following an imaginary horizontal line from this point on the
diagram to the right, we find
95

that the engine in question is
developing approximately 4.50
horsepower while the torque is
about 18 pounds. It will be observed that the power plant
rated at 5 horsepower will develop 6.33 horsepower at 2,400
revolutions per minute.
Another diagram that gives
some interesting data pertaining
to the relation of motorcycle
speed in miles per hour and the
engine power developed is presented at Fig. 48. It will be observed that the maximum engine power represented by the
highest point in the curve is
obtained at a vehicle speed of
approximately 47.5 miles per
hour, and that from this point to
65 miles per hour the power
curve drops appreciably. At 47.5
miles, the engine is delivering
13.9 horsepower, whereas at a
rear wheel speed corresponding
to 65 miles per hour the engine
is developing but 9.3 horsepower. The horsepower obtained
by this test is different than that
secured by trial of the engine
alone, and the object was not to
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ascertain the brake horsepower
of the engine but the actual
power available at the rear
wheel for traction, which, on
account of mechanical losses in
the power transmission system,
would be fully 20 per cent less
than the amount of power that
would be shown by the engine
on a brake or dynamometer test
where the power of the engine
crankshaft would be measured
instead of that proportion of it
delivered at the rear wheel.
A simple rule for finding the torque
at one-inch radius from center,
exerted by a shaft rotated with a
given amount of power that can be
easily memorized, if one assumes a
speed of rotation of 1,000 revolutions per minute, is:
Multiply the horsepower by 63,
which will give the pull in inchpounds, and then divide this
product by the distance in inches from shaft center to the point
of power application, and the
result is the torque or pull available at, that point directly in
pounds.
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Reason for Cooling Engine.
It is apparent that power is
produced in an internal-combustion engine, by a series of
explosions in the cylinder. As
the temperature of the explosion
is over 2,000 deg. Fahr. in some
cases, the rapid combustion and
continued series of explosions
would soon heat up the metal
parts of the combustion chamber to such a point that they
would show color unless cooling
means were provided.
Under these conditions, it would
be impossible to lubricate the
cylinder, because even the best
quality of lubricating oil would
be burnt. The piston would
expand sufficiently to seize in
the cylinder and the valves
would warp so that they could
no longer hold compression.
Premature ignition of the charge
would probably take place long
before the engine was put out of
commission by the distortion of
the parts.
The fact that the ratio of engine
efficiency is dependent upon the
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amount of useful work delivered
by the heat generated from the
explosion makes it important
that the cylinders be cooled to a
point where the cylinder will not
be robbed of too much heat. The
losses through the water jacket
of the average water-cooled
automobile power plant are over
50 per cent of the total fuel
efficiency.
While it is very important that
the engine should not get too
hot, it is equally desirable that it
is not cooled too much. The
object of cylinder cooling is,
therefore, to keep the heat of
the cylinder metal below the
danger point but at the same
time keep the engine hot
enough to obtain maximum
power from the gas burnt.

Air or Water Cooling
The method of abstracting the
heat from the cylinder generally
employed in the small motors
used in motorcycle propulsion is
by means of direct, air cooling,
though on the larger motor
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sometimes used in cycle car and
light automobile service, the
heat is absorbed by water circulated around the cylinders
through a suitable jacket, which
keeps it confined against the
heated portions.
In an air-cooled engine, the application of the air to the cylinders is
direct, and there is no intermediate
transfer of heat from the cylinder
wall to the radiating surfaces by
means of water. Any water-cooling
system must, of necessity, be indirect, as after the water is heated it
must pass through a radiator
where it is subjected to the cooling
influence of air currents to reduce
its temperature, and make it available for further use.
In a motor which employs a
water-cooling system, there is a
certain loss of heat to the water
jacket, which is called “Jacket
Loss,” and the amount of heat.
wasted in this manner depend,
upon the difference in temperature between the heat of the
explosion and the heat of the
cylinder wall. As water loses its
cooling efficiency when it boils,
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the temperature of the water
jackets, and consequently the
wall of the water-cooled cylinder,
must be maintained at a point
below 212 deg. Fahr. which is the
boiling point of water.
The temperature of the cylinder
wall of an air-cooled motor may
be readily and safely maintained
at a temperature nearly 150
degrees higher. This would indicate that, with a reduced heat
loss, an air-cooled motor would
be more efficient than a watercooled form.
Then, of course, the features of
simplicity that are so necessary
in motorcycle design cannot be
readily obtained if the watercooling system is employed
because in its simplest form it
requires a radiator to cool the
water, and suitable piping to
conduct the water from the
engine cylinder water jacket to
the point where the heat is radiated into the air.
As an air cooled engine can be
made considerably lighter than
a water-cooled form, and as the
direct system of cooling has
98

demonstrated that it is thoroughly practical for the small
engines used in motorcycle
work, it does not seem necessary to provide motorcycle motors with water jackets. All of
the American motorcycles use
the air-cooling method, though
everal foreign machines have
water-cooling systems.

Efficiency of Air-Cooled
Motors
The air-cooled motor is more
efficient than the water-cooled
forms, because in any internal
combustion engine it is the heat
energy of the fuel that is converted into useful work. This
transformation is brought about
by the rapid combustion or
burning of the fuel which is
often called “an explosion.”
The rapidly burning gases develop high pressures which produce power, as we have seen, by
acting on the piston and the
reciprocating parts. The temperature and pressure of the explosion both fall very rapidly, on
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amount of the rapid escape or
transfer of heat through the walls
of the cylinder and the piston
head. A certain amount of heat
loss is a necessary evil that cannot be avoided in any internal
combustion engine, and, as previously stated, efficient lubrication
cannot be obtained if Clno cylinders get much hotter than 400
deg. Fahr.
A cylinder may be allowed to
heat up to 350 deg. Fahr. and
still be on the safe side as far as
effective lubrication is concerned. In comparing the efficiency of air and water cooled
motor, a good method of doing
this is to base the values on the
amount of mileage possible on a
given fuel consumption. An aircooled engine will use a maximum of 0.80 of a pound of gasoline for each brake horsepower
hour at half load, and 0.60 of a
pound of gasoline for each brake
horsepower hour developed at
full load.
The average water-jacketed
automobile engine will use from
1 to 1.50 pounds of, fuel at half
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load, and from 0.90 to 1.20
pounds per brake horsepower
hour at full load.
From the foregoing, it will be
apparent that the air-cooling
system is more efficient and economical than the water-cooling
methods, and in view of its simplicity it is not difficult to understand why it is almost universally
used in motorcycle power plants
of American design.

Air-Cooling Methods
Air cooling may be obtained by
two methods: either simple radiation, or combined, radiation
and convection. The former
system is used only on motors
of a stationary type that are not
provided with a cooling fan.
The most widely used system is
a combination of radiation and
convection. Radiation simply
means that the heated air rises
from the hot cylinder because it
is lighter than the cooler air
which takes its place.
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Convection means cooling by air
in moticn, and, obviously, wherever convection is used there
must, of necessity, be included
the radiation principle. The
method generally used en motorcycles where the power plant
is exposed to the air, and where
the cylinder is swept by air
drafts or currents created by the
rapid travel of the machine, is to
augment the normal available
radiating surface of the plain
cylinder by providing cooling
flanges as indicated at Figs. 40
and 50. These flanges not only
surround the entire cylinder
exterior but also cover the valve
chamber and the cylinder head.
By the use of these members,
the area of radiating surface is
largely increased, and while air
has considerably loss capacity
for absorbing heat than water,
the surface from which the heat
is radiated may be increased to
such a point by judiciously
placed flanges so the heat will
be dissipated fast enough to
keep the cylinder from overheating.
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The cooling flanges may be of the
same diameter the entire length of the
cylinder, as shown at Fig. 49, or they
may become less in diameter as the
cylinder temperature decreases, as
shown tit Fig. 50. They are widest at
the combustion chamber, and taper
down in diameter to but little more
than that of the cylinder at the bottom
of that member.
On some types of flange-cooled engines, the designers drill holes
through the flanges as indicated at
Fig. 51, and while these materially
reduce the effective radiating surface
it is claimed that there is more opportunity for the cooling-air current to
pass around and between the flanges,
and thus superior cooling isobtained.
The air-cooling flanges on most motorcycle
power plants are placed horizontally, or at
right angles to the cylinder center line,
though in some forms, where the cylinder
is inclined, the flanges are disposed at an
angle to the cylinder wall so that they will
be approximately horizontal when the
power plant is in position.

Fog 49 - Single Cylinder Motorcycle Power
Plant showing Cooling Flanges (Fins) to
increase Radiating Surfaces of Cylinders
100
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Fig. 50 - The Precision OHV Air-Cooled
Motor Having Cooling Flanged of
Graduated Duameters >>>

On some forms of double cylinder opposed engines, the flanges run the
length of the cylinder, in order to promote free circulation of air.
Where air-cooled motors are protected by
a hood or bonnet, as in cyclecars and light
automobiles, it is customary to provide a
cooling fan driven from the engine crankshaft to keep a constant draft of air in
motion around the engine cylinders.
In some automobile power plants the
cylinders have been encased in sheet
metal jackets, and air currents from a
blower are made to circulate through
these jackets and around the cylinders,
but -this is -not necessary on motorcycles.
Copperplating the cylinders increases the
rate of heat transfer to the air.
Radiation may also be augmented by
painting the cylinders with a dull black
stove polish.
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Water-Cooling Methods
When a liquid is employed for cooling it is circulated
through jackets which surround the cylinder castings,
and when the excess heat is absorbed, the hot liquid is
led to a cooler where the heat is abstracted from it by
means of air currents. The cooled liquid is then taken
from the cooler and again circulated around the cylinders of the motor. The view of a one-cylinder motor at
Fig. 53 shows the arrangement provided for water
cooling by radiators attached to the engine cylinder.

Fig 51- Perforating Flanges to Faciklitate Air-Cooling
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Fig 52 - Green-Precision Motor with Radiators
attached to Sides of the Water Jacket
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Two methods of keeping the cooling
liquid in motion are used. The simplest
system is to utilize a natural principle
that a hot liquid being lighter than a
cold one will tend to rise to the top of
the cylinder when it becomes heated,
while cool water takes its place at the
bottom of the water jacket. The more
complicated system is to use a positive
circulating pump of some form, which
is driven by the engine to keep the
liquid in circulation.
Some eminent motorcycle designers
contend that the rapid circulation of
liquid obtained by means of a pump
may cool the cylinders too much and
the temperature of the engine may be
reduced- to a point where its efficiency
willl be somewhat lower than if the
engine were allowed to run hotter.
For this reason, some foreign engineers
use the natural method of water circulation. The cooling liquid is applied to
the cylinder jackets below the boiling
point and the water issues from the top
of the jacket after it has absorbed
enough heat to raise it just about to
the boiling point.

Fig 53 - Water Cooled Precision Power
Plant with Integral Radiators >>>
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The simplicity of the thermosyphon system of cooling makes it
specially adapted to motorcycles
and other light vehicles. With
this system of cooling, it is necessary to use more liquid than
with pump-circulated systems,
and the water jackets of the
cylinders, as well as the water
spaces in the radiator and the
water inlet and discharge manifolds, should have greater capacity and be free from sharp
corners that might impede the
flow of liquid.
A system of cooling in which a
pump is depended on to promote circulation of water is
sometimes employed in cyclecar
practice. The radiator is generally carried at the front end of the
frame, and serves as a combined water tank and cooler in
most cases. It is usually composed of upper and lower water
tanks, joined together by a series of pipes, which may be
round and provided with a numberr of corrugated flanges to
radiate the heat, or which may
be flat in order to have the wa-
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ter pass through in thin sheets
and cool more easily.
The cold water which settles at
the bottom of the cooler is drawn
from the lower part of the radiator
by a gear-driven pump and is
forced through a manifold to the
water jackets surrounding the
exhaust valve chamber of the
cylinder. As the water becomes
heated, it passes out of the top of
the, water jacket into the upper
portion of the radiator, but as a
general rule the rate of circulation
is dependent upon the power and
speed of the pump rather than
the degree of temperature of the
water.
On account of the more rapid
flow of liquid, the radiator and
piping may be of less capacity
than when the simple thermosyphon is employed.
Some typical water-cooled motors that have been designed for
motorcycle use abroad are
shown at Figs. 52 to 54 inclusive. The engine shown at Fig.
52 in place on the motorcycle
frame is the same as that de104

picted at Fig. 53, and it will be
observed that the radiators
which serve to cool the water
are attached directly to the
sides of the water jacket.
There is ample opportunity for
the air currents to pass through
the radiators, and it is possible
to carry a reserve supply of
water in a tank attached to the
top frame bar which may be
used as an auxiliary source of
supply by connecting it to the
water outlets at the top of the
radiator that are clearly depicted at Fig. 53. On very small
engines, it will be unnecessary
to provide any water container,
as the radiators themselves may
hold enough water to secure
adequate cooling.
Both of the engines depicted at
Fig. 54 are of the two-cycle form
and are shown in the position
they occupy in the motorcycle
frame to which they are fitted.
That at A is the Rex motor, and
it will be observed that the radiator is placed at the front end of
the machine just back of the
steering head and follows the
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diagonal tube extending from
the steering head to the motor
crank-case. The bottom of the
radiator is connected directly to
the bottom of the water jacket,
and the heated water from the
top of the cylinder passes
through suitable pipes to the
top of the radiator.
The cooling system depicted at
B is that of the Scott motorcycle,
and the disposition of the radiator and arrangement of water
piping is practically the same as
in the example previously considered.
The engine depicted at Fig. 53 is
a four-cycle form while those
outlined at Fig. 54 are two-cycle
engines which are said to be
more difficult to cool successfully by air than the conventional
form of four-stroke engine in
which one entire stroke of the
piston is devoted to clearing out
the burnt gases from the cylinder while another full stroke is
utilized in drawing in a cool
charge of fresh gas.

The Shekel engine, an American
two-cycle form shown at Fig. 58,
is cooled successfully by air,
and in view of the fact that air
cooling has been applied successfully to motor truck engines
having 4.50-inch bore and oper106

ating on the two-cycle principle,
it is apparent that it should be
more successful and practical
on the smaller two-stroke engines employed as motorcycle
power plants.
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Features of One-Cylinder Motors
The single-cylinder engine offers a main
advantage of extreme simplicity. This is of
considerable importance in the lighter
motorcycles that are to be operated by
inexperienced riders. Among some of the
disadvantages that may be cited against
the single-cylinder power plant are greater
weight in proportion to power developed,
lack of even power application because
only one stroke out of four made by the
piston is effective.
A one-cylinder engine lacks the even turning moment and steady running qualities
that a multiple-cylinder power plant possesses. If run faster or slower than the
critical speed for which it was designed,
there will be considerable vibration.
Despite these faults, the single-cylinder
engine is very practical in applications to
light and medium-weight machines, and
ample power may be obtained to cope
with any condition ordinarily met with in
road service.
Typical one-cylinder engines are illustrated at Figs. 55 to 57, inclusive.
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If the engine is of the two-cycle
type, one will obtain the same
even torque as a steady application of power with one cylinder
as is provided by a two cylinder
opposed four-cycle engine, and
steadier running than provided
by most V-twins, though one
must sacrifice some of the flexibility and quick get-away of the
four-cycle power plant to obtain
the advantages of the simpler
two-stroke motor. The Schickel
two-cycle motor construction is
shown at Fig. 58.
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Advantages of MultipleCylinder Motors
Power is obtained in the multiple-cylinder motor by using a
number of cylinders instead of
one large member. The cylinders
are arranged in such a way that
any multiple-cylinder motor may
be considered as a number of
single-cylinder engines joined
together so that one cylinder
starts to deliver power to the
crankshaft where the other
leaves off. By using a number of
smaller cylinders instead of a
large one, all of the revolving
110

parts may be made lighter, and
the reciprocating members are
easier to balance because the
weight of the parts in one cylinder often counter-balances the
reciprocating mass in the other
that works in connection with it.
Multiple-cylinder engines may
be run faster than single-cylinder ones of the same power, are
not so heavy in proportion to the
power developed and produce a
more even turning effect at the
crankshaft. No matter how well
designed the single-cylinder
power plant is, the power impulses will come in jerks, and a
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very heavy fly-wheel member or
pair of fly-wheel members is
needed to equalize the intermittent power strokes.
In a multiple-cylinder engine,
where the explosions follow each
other in rapid succession, the
power application is obviously
much more even. A single-cylinder engine will give but one
useful power stroke, when of the
four-cycle type, to every two
revolutions of the crankshaft.
A two-cylinder motor will give
one explosion every revolution,
though these are not always
evenly spaced, the regularity
and evenness of firing being
largely dependent upon the
arrangement of the cylinders.

Fig. 60 Crankshaft Arrangements
for 2-Cylinder Motorcycle Motors
111
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Types of Two-Cylinder Motors
Most two-cylinder motorcycles
employ engines of the V-type,
i.e., with the two cylinders
placed at an angle, and converging to a point at which they
contact with the crank-case of
the motor. In England, there are
a number of machines which
employ horizontal cylinders, and
one or two makes have been
evolved in which the two-cylinder engine has vertical or upright cylinders. We have seen
that in a single-cylinder engine
considerable dependence is
placed upon a fly-wheel which
stores up energy and which
tends to even up or equalize the
intermittent power application
derived from but one explosion
every two revolutions. We have
also learned that multiple-cylinder engines produce more uniform torque because explosions
follow each other more rapidly.
Where two-cylinder motors are
employed, the arrangement of
the cylinders and the crank
throws with relation to each
other has material influence
upon the evenness of operation.
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For example, in an engine where
one of the cylinders fires during
one-half of a revolution and the
second cylinder produces a
power impulse directly after it or
while the first cylinder is on its
exhaust stroke, it is evident that
the engine crankshaft will have
to describe almost a continuous
revolution before it can receive
another power impulse. While
the crankshaft receives what
would be equivalent to a power
impulse each revolution, in
reality it receives two power
impulses in one revolution and
none during the second.
When the cranks are arranged
as shown at A, Fig. 60, and the
cylinders are vertical, the explosions will follow each other without any appreciable interval,
and the only advantage obtained
is that the crams, connecting
rods and pistons balance much
better than in some other forms.
While the vibration due to poor
mechanical balance is eliminated to some extent with this construction, a certain unevenness
of running obtains on account of
the way the explosion occurs.
112

When the cranks are set on the
same plane as shown at B, and
both of the pistons move up and
down together, it is possible to
obtain a good firing order, i. e.,
an explosion would occur the
first part of the first revolution
in one cylinder and the first part
of the second revolution in the
other cylinder.
The explosions are separated by
equal intervals of time, and the
power application is much more
uniform than obtained from the
type shown at A. The disadvantage of this method of construction is that the mechanical balance is far from ideal, and
counter-weights must be provided to reduce the vibration incidental to both pistons moving
up and down together.
With the double opposed motor
which is shown at C, the crankpins are arranged at 180 degrees, and the explosions occur
at regular intervals and with the
same firing order as prevails in
the construction shown at B.
This form of motor also has a
good mechanical balance.
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With the V-type of motor it is
apparent that the smaller the
angle between the cylinders the
more evenly spaced the firing
sequence becomes, though the
mechanical balance is more
difficult to obtain when the degree of angularity is small. In a
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motor with the cylinders at an
angle of 90 degrees to each
other and with the two connecting rod working on the same,
crank-pin, the mechanical balance is good but the impulses
occur very close together.
113

The better mechanical balance
is obtained because the pistons
partially balance each other,
and a slightly better firing order
prevails than in the arrangement shown at A, as there is an
interval corresponding to aboutone-quarter of a revolution between the explosions.
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When the cylinders are set at an angle of
50 degrees, as indicated at B, the impulses
are almost equally divided between the
blank spaces as indicated in the ding ram.
It is possible to have the cylinders set so
the explosions are spaced, even more regularly, as with the cylinders at 41 degrees,
which is said to be the prevailing angle in
this country.
The same difficulties are met with in securing good mechanical balance as in the form
shown at B, as it is imperative that
counter-weights be fitted to balance the
reciprocating mass to some extent and
reduce vibration.
The great advantage of the V-twin motor is
that it is a form that may be easily installed in the motorcycle frame, and while
the balance is far from perfect it is sufficiently good if the counter-weights are
intelligently applied, so a very practical
power plant is secured. The original twincylinder motorcycle power plant, and one
of the first multiple-cylinder gasoline engines, is depicted at Fig. 61, C, and is an
adaptation of the single-cylinder form
evolved by Daimler, and clearly outlined at
A and B. The cylinders in this Daimler
motor were placed at an angle of approximately 15 degrees, which is considerably
less than present practice.

Fig. 62 - Triumph Motorcycle English Vertical Parallel Twin
114
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The engine shown at Fig. 62 is utilized on the Triumph, an English
design, and the crank pins are disposed at an angle of 180 degrees. The
motor is set in the frame with its
crankshaft at right angles to the top
frame tube, and not parallel with it
as might be expected. The crankshaft
carries an outside fly-wheel at one
end and a sprocket for chain drive at
the other.
The inlet valves are at the front of the
cylinders and the exhaust valves are
at the rear. Both are operated by a
camshaft which is driven by a spiral
gear from the crankshaft.
A typical twin-cylinder V-engine of
American design, that may be considered a good example of established
practice and which has received wide
application, is shown at Fig. 63.
One of the most efficient-of the British light-weight motorcycles is provided with the two-cylinder power
plant shown at Fig. 64 in which the
cylinders are placed horizontally and
opposed to each other. The crank-

Fig 63 - Power Plant on 2-Cylinder
Indian Motorcycle
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shaft, which is depicted in the
sectional view of the crankcase
at the left of the illustration, has
two crank-pins placed at an
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angle of 180 degrees, and is
mounted on ball bearings to
insure free running.
116

A distinctive feature of the design is the method of mounting
the valves in valve chambers
that are inclined so the valves
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may be actuated from the lower
portion of the cam-gear case.
The method of ribbing the cylinders to secure more effective
cooling permits the air draft
induced by cycle motion to
mach practically all parts of the
cylinders, which would not be
possible if the flanges were applied in the conventional manner that proves so effective on
vertical cylinders.
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depicted at Fig. 65. This shows an
early model in which a combined
air and water cooling system was
employed, the liquid being depended on to keep the waterjacketed head cool while the cylinders here provided with cooling
flanges of generous proportions.

The cylinders fire mounted side
by side, one on each side of the
engine center line, which coincides with the center line of the
This is a very compact engine
machine. Attention is directed to
that is capable of delivering a
the small size of the crankcases,
uniform torque, and that operwhich is necessary to insure
ates with very little vibration, as adequate preliminary compresthe even spacing of the explosion of the charge before it is
sions and large external flywheel transferred from the engine
make for very easy running.
base to the cylinders.
The method of magneto and
valve-operating cam drive may
be readily ascertained gas well
as other ingenious details of
design by studying the reproduction of the maker’s engineering drawing that so clearly outlines all details of construction.
One of the most distinctive of
the unconventional power
plants used for motorcycle propulsion is the Scott two-cycle,

The flywheel is mounted between the two cylinders, and
carries the driving sprockets on
its hub which also forms a connecting coupling between the
two cranks, the assembly forming a built-up crankshaft with
the crank-pins at the extreme
ends. The arrangement of the
ports for the passage of the gases in and out of the cylinder and
the method of controlling them
117

by the piston movement is clearly
shown in the side sectional view
through one of the cylinders.
With the piston in the position
shown, the exhaust ports are
fully open for discharging the
burnt gases and the inlet ports
at the opposite side are also
uncovered to permit the gas
compressed in the engine base
to by-pass into the cylinder
through the transfer passage.
The piston is provided with a
deflector to direct the entering
fresh gas to the top of the cylinder, and prevent it passing out
of the open exhaust ports opposite the point where it first,
enters the cylinder. When the
piston reaches the top of its
stroke, another row of ports is
opened by the bottom of the
piston and the crank-ease is
charged with gas.
When one piston is up, the other member is down and the
pistons balance each other. An
explosion is obtained in each
cylinder every revolution, which
indicates that this engine
should provide the same even
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torque as obtained from a fourcylinder engine of the four
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stroke pattern, inasmuch as the
crankshaft receives two
118

impulses each revolution.
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Four-Cylinder Forms
The real value of a multiplecylinder motor is more apparent
when four or six cylinders are
used, because in the former one
obtains a power impulse every
half revolution of the fly-wheel,
while in the latter three power
strokes are delivered every revolution. The diagram presented
at Fig. 59 compares in a graphic
manner the useful power impulse of engines having one, two
and four cylinders respectively.
The shaded parts represent
periods where power application
obtains, while the unshaded
portions represent no power. In
the one-cylinder engine, it will
be evident that less than onequarter of the cycle represents
useful energy.
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haust valves on the power
stroke) where no useful energy
is directed against the crankshaft. The torque or power
application is uniform enough
for all practical purposes, except where the utmost refinement is desired, as in highgrade motor car power plants.
In the six-cylinder engine there
are no periods in the cycle of
operation where the crankshaft
is not positively driven. In fact,
the explosions overlap each
other, and a very smooth-acting
power plant is obtained.

In the two-cylinder engine the
explosions may be evenly
spaced, but are separated by
appreciable spaces where no
power is developed.

For motorcycle service, however,
a four-cylinder motor will prove
to be very satisfactory, and will
operate with minimum vibration,
and, in view of the very satisfactory operation of the ordinary Vtwin power plant, it is open to
question if the four-cylinder
motor offers marked enough
advantages to compensate for its
added complication.

Even in the four-cylinder engine
there are periods (corresponding
to the early opening of the ex-

Of course, there are riders who
want the best there, is, regardless of cost, and where maxi119

mum silence, freedom from vibration and even power application
are desired, it is evident that the
four-cylinder power plant best
fulfills the requirements.
The four-cylinder motor utilized
in the Henderson motorcycle, an
American design previously
illustrated, is shown installed in
the frame at Fig. 66 when
viewed from the valve side, and
in section to show practically all
the details of construction at
Fig. 67. In general arrangement
of parts, this power plant follows
the lines established in automobile practice.
A sectional view of the F. N.
four-cylinder engine, which
shows the practical application
of a five-bearing crankshaft and
the arrangement of the crankpins, so two pistons are going
down while the other two are on
their way up stroke, is presented at Fig. 68. It will be noticed
that the Henderson crankshaft,
while it has four crank throws,
is a three-bearing form, having
one main journal at the center
and one at each end, whereas
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the F. N. design has a bearing
between all crank throws as well
as the ends of the crankshaft
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bearing between all crank
throws, as well as at the ends of
the crankshaft.
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Power Plant Support and
Location.
We have seen that in the early
days the designers considered
the gasoline motor an attachment to the bicycle, and that it
was disposed of in numerous
ways, few of which were really
satisfactory and effective.
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incorporated in the design, the
diamond frame was abandoned,
and special frame constructions
evolved, in which provision was
made for the secure anchorage
of the engine base.

the design of motor supports, it
is also important to mount the
power plant in a way that will
permit its ready removal from
the frame for repairs.
It is also desirable to have the
motor fastened securely enough
so the frame structure will resist
its tendency to vibrate at all
speeds except at the critical
speed for which the balance
weights were calculated, therefore some makers anchor the
cylinders to the frame tubes as
well as the engine base.

The non-technical reader has no
comprehension of the amount of
stress present at the points of
motor support and why these
The average rider who is familiar
must be amply strong, but some
with present practice may not
idea may be gained if one considconsider that power plant location ers that all the time the motor is
or support is much of a problem,
driving the rear wheel there is a
and in view of the remarkable
reaction or pull on the engine
unanimity of opinion regarding
fastenings that tends to loosen it
The loop frame design is widely
power plant placing in modern
from its supports. This force is
employed because the motor
machines, this view is, to a cerequal to that exerted by the motor
may be removed from the frame
tain extent, justified, though
to drive the motorcycle.
without disturbing the integrity
those who have been identified
In addition to the torque reacof the frame structure. Designwith motorcycle construction long
tion, as this force is called, there ers who favor this method of
enough know that considerable
is an added twisting stress due
motor support also contend that
experimentation was necessary
to the common system of taking the engine base is better probefore the designers of powerthe power from one side of the
tected when mounted above a
propelled cycles were able to
motor only, which tends to turn substantial frame tube than
place the power plant to the best
the motor on a vertical axis,
when suspended so it forms
advantage.
whereas, the torque reaction
part of the frame. The installaAs soon as designers realized
tends to rotate the power plant
tion of the Peugeot engine in a
that the power plant was an
on a horizontal axis at the cenloop frame of substantial design
important component part of the ter line of the crankshaft. Beis shown at Fig. 69, and in this
vehicle and that it should be
sides securing ample strength in construction it is not believed
124
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necessary to anchor the cylinders to the frame in any way.
When the cylinders are not sequered to the frame and a loop
frame is employed, it is possible
to remove a cylinder from the
crankcase, in many cases, without removing that member from
the frame. The crankcase may
be made lighter when it is not
an integral part of the frame,
and should the frame weave
there is no strain imposed on
the cylinder as that member is
free to move slightly even
though the crankcase is securely held.
In the Excelsior machine, the
power plant forms a part of the
frame, and is depended upon to
give the frame strength, as that
member would not be very
strong with the engine base
removed.
Of course, the makers contend
that there is no need for
strength when the motor is not
in place because at such times
the motorcycle is out of commission, but there is always the
126
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liability of springing the lower
portions of the tubes when they
are not supported if the frame is
care lessly handled when the
motor is not in place.
A loop frame is much stronger
than the forms shown at Figs.
70 and 71, when the motor is
removed, and theme is no possibility of distorting the frame.
The Excelsior motor is supported at five points, and, when in
place, the structure is very
strong. As the lower portion of
the crankcase is exposed, it is
made heavier and stronger than
in the forms where it is protected by the frame tube loop, and
this added strength has a favorable bearing on general rigidity
of the assembly. The motor is
supported at three points on the
crankcase, two being at the rear
and one at the front, and each
of the cylinders is attached to
the frame member below the
tank by substantial clips. This
method of attachment is very

Fig 73 - Internal View/Parts of the
Vee-Twin Indian Motorcycle
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valuable in open-frame machines where there is some
opportunity for frame weaving,
especially if the power plant
retaining bolts loosen even a
slight amount
While the attachment of the
cylinders steadies the motor
wonderfully, and holds it in
place, some who do not favor
this construction contend that
the expansion of the cylinders
when heated renders it imperative to have the upper end of the
cylinders free to move under its
influence. This objection seems
to be more theoretical than real
because machines with the
cylinders anchored have given
just as good service in practical
application as those that were
free to expand unhindered.

2. MOTORCYCLE POWERPLANT GROUP
jaws of the fork attached to the
lower end of the diagonal frame
tube. The water-cooled power
plant of the Regal-Green motorcycle, an English design depicted at Fig. 72, also forms part of
the frame assembly and is fastened in much the same manner as the Excelsior and Yale
power plants.

The method of installing a fourcylinder power plant is exemplified at Fig. 66 which shows the
fastenings that hold the Henderson motor in place. The lower
portion of the frame is composed of two parallel tubes
which converge at the front end
to the steering head, and as
there is sufficient space between
them for the comparatively narrow crankcase possible with the
small four-cylinder design, this
The Yale power plant, shown at
member may be provided with
Fig. 71, is anchored to the frame
suitable lugs or arms cast intein much the same manner as
gral which rest on the frame
the Excelsior, as the rear, end of
tubes and be securely retained
the engine base is attached to
by bolts or studs passing
substantial plate members firmthrough the tube and crankly secured to the crank hanger,
case extensions.
while the front portion is provided with a lug fitting between the
129

A very secure four-point suspension system is obtained in
this manner, and owing to the
smooth running and lack of
vibration, incidental to the employment of a four-cylinder engine, it is not necessary to anchor the cylinders to the frame
in any way except by the necessary bolts which keep them in
place on the engine base.

Motorcycle Engine Parts
and Their Functions
In order that the non-technical
reader may become thoroughly
familiar with the principles of
operation and appearance of the
various parts of motorcycle power plants a number of forms will
be described and the functions
of the various parts made clear.
The engine at Fig. 73 is shown
in part section as the crankcase
and the lower part of one of the
cylinders is cut away, while the
other cylinder is sectioned
through the valve chamber.
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The engine consists of an engine
base, which also serves as a crankcase to which the two cylinders and
all other parts are attached. The

2. MOTORCYCLE POWERPLANT GROUP

members inside the cylinders that
reciprocate up and down, and
which receive the force of the explosion, are termed “pistons,” and
130

there is one in each cylinder. The
reciprocating movement of these
pistons is converted into a rotary
movement of the crank-pin by
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means of connecting rods which
oscillate at their upper ends on
wrist pins that pass through
suitable bosses in the piston.
The inlet valve, which is the
member through which the gas
is admitted into the cylinder is
carried in a valve cage which in
turn is installed in an air-tight
dome which is utilized to press
the valve cage firmly against the
seating in the cylinder head.
The inlet valve is normally kept
seated by a valve spring, and is
opened at the proper time by the
inlet valve depresser, which is
worked by the inlet. valve rocker
arm. The rocker arm is operated by
a tappet rod which extends to the
top of the cylinder from the timing
gear case. The exhaust valve is the
member controlling the port
through which the burnt gases
leave the cylinder, and this is raised
from its seat at the desired period
in the cycle of operations by a push
rod that bears against the lower
portion of the valve stem.

Fig 75 - Single Cylinder Water
Cooled T-Head Power Plant
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The exhaust valve is kept seated in
the same manner as the inlet valve
though the spring is stronger.
The spark plugs which are inserted
in the combustion chambers are
employed to explode the gas with a
spark derived from the magneto
which is driven by a train of gearing
from the crankshaft. The cylinder
heads, as well as the cylinders, are
provided with cooling flanges and
are held in place on the cylinders
by bolts extending to the crankcase
which also serves to hold the cylinders firmly by clamping them between the heads and engine base.
The fly-wheels are employed to
steady the engine action and to
store power during the idle strokes
in order to keep the engine parts in
motion at such times as there is no
useful pressure exerted against the
piston tops. The carburetor that
supplies the explosive gas to the
cylinders is securely attached to an
induction pipe that joins the inlet
valve domes of the two cylinders.

2. MOTORCYCLE POWERPLANT GROUP
ly described though the cylinder
design and location of valves is very
much different. In the side view, the
valve-operating mechanism and the
magneto drive gears are clearly
outlined, while in the sectional view
at the right, the arrangement of the
fly-wheel and crankshaft assembly
and the method of supporting. it on
ball bearings is outlined. The engine at Fig. 75 is a simple Thead
form with water jacket, and is a
type that is used to some•extent on
light cars and cyelecars. All parts
are clearly indicated, and in view
of the explanations previously
given regarding the duties of
these parts, the reader should
have no difficulty in understanding the relation they bear
to each other in the complete
power plant, and the part they
play when the engine functions.

The twin-cylinder power plant,
shown at Fig. 74, is practically the
same in operation as that previous132
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CHAPTER IV. - Lubrication, Carburetion and Ignition.

Theory of Lubrication

Theory of Lubrication Forms of Lubricants Devices for Supplying Oil-Sight Drip Feeds Simple Splash System with Hand-pump Mechanical Oilers Lubricating Two-cycle Engines Motorcycle fuel, its Derivation and Use How Fuel is Carried Principles of Carburetion Outlined What the Carburetor is For Early Vaporizer Forms and their Defects Elements of Carburetor Design Features of Automatic Carburetors Typical Motorcycle Carburetor Foreign Carburetor Designs Methods of Carburetor Adjustment Typical Mufflers and How they Operate Use and Abuse of the Muffler Cut-out Valve How Compressed Gas is Ignited Parts of Simple Battery System High Tension Magneto Action Operation of Standard High Tension Magneto Magneto Driving Means Ignition Timing - Detection of Faults
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All bearing surfaces, no matter how smooth they
appear to be to the naked eye, have minute projections, and, when examined under a microscope, the surface of even a finely finished bearing appears rough.
If bearings were run without oil, the microscopic
projections on the shaft and on the bushing or
box in which the shaft revolves would tend to
interlock, and a great amount of friction would
result. This would mean that much of the power
developed by the engine would be utilized in overcoming this resistance.
Without some means of minimizing this loss,
considerable heat would be generated if the bearings were run dry, and, as a result, the overheated bearings would soon depreciate and would
give signs of distress long before they failed by
becoming firmly burned together.
The reason a lubricant is supplied to bearing points
will be readily understood if one considers that the
close-fitting surfaces of the shaft and bushings are
separated by this elastic substance, which not only
fills up the minute depressions, thus acting as a
cushion, but which absorbs the heat generated by
friction as well. In properly lubricated bearings, the
oil takes all the wear that would otherwise come on
the metallic bearing. The grade of oil and amount to
use depends entirely on the bearing points where it
is to be applied.
193

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
An oil that would be entirely
suitable for lubricating the interior surfaces of the gas-engine
cylinder would not be suitable
for bearings in some cases if
these were subjected to heavy
pressures. At the other hand,
the semi-fluid oil or grease
which cushions the teeth of the
driving and change speed gearing so well could not be used in
the cylinders of the engine.

4. LUBRICATION, CARBUETION, IGNITION
It should not have too high a
body or too much viscosity because a lubricant that is too
thick will have considerable
friction in itself, and will not
flow readily between bearing
surfaces.

If the lubricant is to be used in
gearing where great cushioning
qualities are desired in addition to
positive lubrication, it must have a
heavy body and the semi-solid
When used for air-cooled engine graphite greases are the best matelubrication, an oil must be capa- rials to use for this purpose.
ble of withstand-ing considerThe grease or oil should also be
able heat, in order that it will
free from injurious adulterants
not be evaporated or decomof either vegetable or animal
posed by the hot metal of the
origin, because these invariably
cylinder. The oil used for cylincontain fatty acids that will
ders or bearings should have a
decompose and attack metal
low cold test, i.e., it should not
surfaces or gums which will
thicken up at low temperatures
coagulate or oxidize by exposure
so that it will not flow freely.
to air and retard the action of
All authorities contend that lubrithe bearings.
cants must be free from acid which
The best lubricants for motorcywill corrode the metal surfaces to
cle use are derived from a crude
which the oil is applied. A lubricant
petroleum base with the excepmust have sufficient body to pretion of graphite which is a form
vent metallic contact of the parts
of pure carbon that is a good
between which it is depended upon
lubricating medium for certain
to maintain a resilient film.
purposes.
194

Forms of Lubricants
Oils of organic origin, such as
those ob-tained from animal fats
or vegetable substances, will
absorb oxygen from the atmosphere which may cause them
to become rancid. As a rule,
these oils have a very poor cold
test, because they solidify at
comparatively high temperatures. Their flashing point and
fire test are also so low that they
are not suitable at points where
considerable heat exists, such
as the interior of a gas engine.
The only oil that is used to any
extent in lubricating gas engines
that is not derived from a petroleum base is castor oil, which is
obtained by pressing the seeds of
the castor plant. This has been
used on high-speed racing motorcycle engines and on aeroplane
power plants, where it is practically pushed right up past the
piston and out of the combustion
chamber with the exhaust gases,
so fresh oil must be supplied all
the time to replace that ejected
from the engine.
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Obviously this method of oiling
would not be considered economical, and would not be suitable on either business or pleasure automobiles or motorcycles.
Among the solid substances that
have been used for lubrication
to some extent may be mentioned tallow, which is obtained
from the fat of certain animals,
such as cattle and sheep, and
graphite, which is a natural
mineral product.
Tallow is usually employed as a
filler for some of the greases
used in transmission gearing,
but should never be utilized at
points where it will be exposed
to much heat, and even under
these conditions pure mineral
greases are to be preferred.
Graphite is obtained commercially in two forms, the best
known being flake graphite,
where it exists in the form of
small scales or minute sheets,
and the deflocculated form,
where the graphite has been
ground or otherwise divided into
a dust. It is usually mixed with
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oil of high viscosity and used in
connection with lubrication of
change speed or power transmission gear parts, though it
has been mixed with cylinder oil
and applied to engine lubrication with some degree of success. Graphite is not affected by
heat or cold, acids or alkali, and
has a strong attraction for metal
surfaces. It remains in place
better than an oil, and, as it
mixes readily with oils and
greases, their efficiency for
many applications is increased
by its use.
Any oil that is to be used in the
gasoline engines must be of high
quality and for that reason the
best grades are distilled in a vacuum so the light distillates will be
separated at a much lower temperature than ordinary distilling
practice permits. When distilled
at the lower heat, the petroleum
is not so apt to decompose and
deposit free carbon. A suitable
lubricant for gas-engine cylinders
has a vaporizing point, at about
200 deg. Fahr., a flash point of
430 deg. Fahr., and a fire test of
about 600 deg. Fahr.
195

Cylinder oil is one lubricant,
that must be purchased very
carefully. A point to remember
is that, the best quality oils,
which are the most efficient, can
only be obtained by paying well
for them. The few cents saved in
using a cheap oil is not of much
moment when compared to the
repair bill that may accrue from
its use. The cheap oil will not
only deposit carbon very freely
in the cylinder heads but is
liable to gum up the piston rings
and valves, and detract much
from the smooth operation and
power capacity of the motor.

Devices for Supplying Oil
When the internal combustion
en-gine was first evolved, the
importance of adequate lubrication to secure efficient. engine
action was not as fully realized
as it is at the present time.
Practically all of the early forms
of engines were slow acting and
the problem of lubrication was
not as serious as that which
confronts the present-day designer of high-speed power
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plants. The earliest system of oil
supply was by filling the crankcase to a certain level, and depending on the rotating parts to
pick up the oil and throw it
around the interior of the motor.
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Sight Drip Feeds

feed regulating needle valve
which also serves as a shut-off
valve when lubrication is not
desired. The oil collects in the
globular portion of the casting
and drips through the constricted opening above the sight feed
gauge glass.

An example of the fitting employed to regulate the oil flow
when the lubricant is supplied
by gravity is clearly shown at
Fig. 116. Fittings of substantialLater, the sight feed devices that ly this design have received wide
have been used for lubricating
application on motorcycles. They
bearings of steam engines and
are usually screwed directly into
other machinery were applied to the bottom of the oil tank, and
Simple Splash System with
the gasoline engine. These conas that member is always carHand Pump
sisted essentially of a glass cup
ried higher than the engine,
held in place between bronze
when included in the fuel conWhile the customary manner of
castings to form the top and
tainer, the oil will tend to flow
lubricating the first engines was
bottom of the oil container,
by its own weight.
by supplying the crank-case
respectively. The amount of oil
directly with oil, there were
supplied the bearing points was The device consists of a simple
certain defects to this system
casting member carrying at its
regulated by a suitable needle
that made it imperative to add
lower end a small chamber
valve, and the oil supply could
some device for directing the oil
adapted to receive a sight feed
be observed through a small
to the engine base without need
gauge glass through which the
glass window in the bottom of
oil feed may be readily observed. of the rider dismounting.
the cup, before it reached the
The pipe connecting the sight
On the earlier motorcycles it
interior of the engine.
feed fitting to the engine base is was common practice to supply
Modern practice calls for a posi- attached directly to the bottom
a small oil cup just below the oil
tive supply of the lubricating
of the chamber carrying the
tank that held a certain amount
medium by mechanical means
gauge glass.
of lubricant. The arrangement
and the most effective of the
was such that this cup could be
The oil enters the device
methods of lubrication now in
filled from the main container,
use are those in which the oper- through the opening in the botand the instructions of the manator is depended on only to keel) tom of the tank, and the amount ufacturers were usually explicit
of flow can be regulated within a
the oil container filled up.
in stating that every eight or ten
wide range by the use of the oil
196
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miles of average riding that it.
would be necessary for the rider
to supply the engine base with
another cup full of oil. This
meant that it was necessary for
the rider to dismount and fill
the cup from the main tank
before permitting its contents to
flow to the engine interior.
The next improvement to be
made was the addition of a
hand-operated plunger-pump to
supply the oil, and this was
usually placed convenient to the
rider so it could be operated
without stopping the machine. A
popular location was directly at
the side or in the interior of the
oil container. This system of
lubrication is used on a number
of motorcycles, even at the
present time, either alone or in
combination with some form of
a drip feed fitting.
The plunger pumps are of two
general types, as shown at Fig.
117. That outlined at A has
manual control of the oil flow
while that at 13 has automatic
control. In the former, a twoway valve is provided in the
197
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bottom of the pump chamber,
the spigot of which can be
placed in three different positions. When placed as shown,
with the valve operating handle
pointing straight down, the interior of the pump is directly in
communication with the oil
container, and an upward
stroke of the plunger will fill the
pump barrel or cylinder with
lubricant.
When the pump plunger is
nearly to the top of its stroke,
the valve-spigot operating handle is moved around in the direction of the arrow, so that it
lies parallel with the intake
passage. Under this condition,
the two-way valve spigot was
moved around so that the oil in
the pump barrel may be forced
through the outlet pipe because
the oil tank is shut oft by the
solid wall of the spigot.
If the valve-operating handle is
turned a half revolution from
the position assumed when
discharging lubricant from the
pump barrel, both orifices, that
at the bottom of the pump, as
198
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well as the intake from the oil
tank, are shut off, and no oil will
flow either to the pump or to the
engine until the valve-operating
handle is moved as indicated.
The arrows show the direction of
flow of the oil when the pump
piston ascends.
Another popular form of pump
is shown at Fig. 117-B, and one
reason for its popularity is that
it is automatic in action, and
requires no other attention on
the part of the rider than raising
and depressing the pump piston. When the pump piston
moves upward, it creates a partial vacuum in the pump barrel,
and this lifts the inlet-check
valve from its seating and permits oil to flow into the pump
interior.
As soon as the pump cylinder is
full, the inlet-check valve is
reseated by a suitable spring,
and, as the pump handle is
moved down, the pressure of the
oil tends to keep the intake
check more firmly seated. The
other check valve, however, is
installed so it will open under
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the influence of the oil pressure,
and this permits the lubricant to
flow from the pump to the outlet
pipe.
The action of a pump of this
nature may be easily understood by remembering that. the
intake-check valve will open
only when the piston is going
up, while the outlet-check valve
will leave its seat only when the
piston is going down.
Some trouble is apt to materialize in a pump of this character
owing to the check valves becoming clogged up by gum or
wax in the oil, and if this occurs
the pump will not operate satisfactorily.
For this reason, the check
valves are usually housed in
such a way that they may be
easily removed for cleaning.
Those who favor the manually
operated valve contend that the
elimination of the check valve
makes the action of the pump
positive, and therefore best
adapted to the requirements of
the ordinary rider.
199

The oil injected into the engine
base fills the crankcase to a
certain height, as indicated at
Fig. 118, and, as will be apparent, the revolving fly-wheel will
pick up the lubricant and throw
it about, the interior of the engine liberally. The oil supply to
the motor shown is by a handoperated plunger pump which
injects a charge directly to the
crankcase as well as by a dripvalve fitting connected beneath
the timing gear case.
This oiling system has given
excellent satisfaction on a prominent machine, the Excelsior.
Even though anti-friction bearings are used in the connecting
rod big ends, every precaution
has been taken to supply oil to
the roller bearings in a positive
manner.
The lubricant enters beneath
the timing-gear case, and is
directed to the main bear-ing
shaft from which it is conducted
to the crank-pin by a passage
drilled in the flywheel web, and
communicating with a similar
passage in the crank-pin so the
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oil is discharged at the central
point of the bearing. Before it can
be thrown off by centrifugal force,
it must lubricate the roller bearings at either side. The oil mist
always present in the crankcase
and cylinder interior lubricates
the piston, cylinder walls and
main bearings positively.

Mechanical Oilers
The problem of gas engine lubrication has always been a vital
one when plain bearings are
used, and, while the simple
splash system has the advantage of lack of complication, the
motor is always operating in a
state of either feast or famine as
regards lubrication of parts.
Main shaft bearings, cylinders,
and all reciprocating parts will
receive plenty of oil by the
splash system, providing the oil
level is high enough so the flywheels will pick up the lubricant
as they rotate. The connecting
rod big ends, which are attached to a rotating member,
and one that turns very fast at
that, cannot receive adequate
200
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quantities of oil because they
throw it off as fast as it collects
between the surfaces, except in
some engines where the oil is
supplied to the connecting rod
big ends first. The writer does
not mean to imply that the rod
ends do not get oil, but from the
way they wear out and the condition of the surfaces) it is apparent that they do not get
enough oil at all times.
Then again, when one considers
that this is the bearing that
takes the greatest stress, and
that the projected area of the
bushing is seldom conducive to
maintenance of an oil film, it is
not strange that anti-friction
bearings are being used so generally to replace big end plain
bushings.
One of the first lessons learned
by automobile engineers was
that oil must be supplied in a
positive manner if connectingrod bushings were to endure, so
in all automobile engines designed for racing or other exacting work and in most pleasure
cars, force-feed lubricating sys-
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tems are employed, and the
lubricant is directed to the bearings through passages in the
crankshaft by pressure produced by some positively driven
force pump.
If this precaution is considered
desirable on automobile power
plants, where bearing surfaces
do not need to be restricted in
size, and which operate at about
half the speed of a motorcycle
engine, then it is apparent that
positive lubrication is not only
very desirable but indispensable
in small, high-speed engines of
the air-cooled forms used to
propel motorcycles.
The oil pump used on the Indian
motorcycle, and the method of
application are clearly outlined
in Fig. 119. The phantom view
shows the simplicity of the
pump mechanism very clearly,
as well as defining the method
of reciprocating the plunger.
A small worm gear is driven
through the outlet-check valves
to the front cylinder, from which
it drips into the interior of the
engine. The oil level in the en201

gine base can be readily ascertained by a gauge glass or window in the side of the crankcase.
The oil is supplied to the front
cylinder to insure that that
member will receive an adequate
supply.
The tendency of the flywheels as
they rotate is to throw the oil
into the rear cylinder rather than
the front one, because that
member is approximately in line
with the oil spray as it is discharged tangentially from the
rapidly revolving flywheel rim.
This would result in the rear
cylinder securing better lubrication than the front one if no
provision was made for directing
the oil from the mechanical
pump to the front cylinder. In
most cases, a mechanical oil
pump is supplemented by a
hand-operated type which is
used in emergencies when it is
necessary to supply more lubricant than the pump will deliver,
as in fast riding.
The oiling system of a prominent
English machine, the Royal Enfield, is outlined at Fig. 120.
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The oil is carried in the tank at
the back of the scat-post tube,
and one of two pumps fitted
outside of the timing-gear case
draws the lubricant from the
tank to the engine.
The second pump, called the
expulsion member, forces the oil
from the engine bilge back again
into the tank. Obviously, as long
as the engine is running, there is
a continuous circulation of oil.
The diagram clearly outlines the
whole system and the path followed by the oil from the tank A
to the engine and back again.
The supply of lubricant is regulated by a needle valve B which
has a knurled top, and from
that, point passes through a
filter C along the suction pipe E
to the induction pump H. This
pump discharges into the hollow
end of the crankshaft L, forcing
the oil along this shaft through
an aperture in the flywheel, into
the crank-pin bearing, from
which point it is distributed by
centrifugal force to the other
engine parts.
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The oil then drips back into a
sump integral with the crankcase, and any excess which has
not, passed through the engine
shaft also reaches this sump
through a by-pass or release
valve. The expulsion pump J
draws the oil from the sump K
and passes it back again to the
tank through the retu rn pipe D.
A filter in the sump retains any
residue contained in the oil, and
insures that only clean lubricant
will be pumped back into the
tank.
The lubricating system used in
the four-cylinder Pierce motorcycle is somewhat, similar, except that but, one pump is utilized instead of two. This system
is clearly shown at Fig. 121.
The oil flows by gravity to the
base of the crankcase, from an
oil tank forming part of the large
front frame tube, and by-passes
through the working parts as it
flows. This flow is rapid and is
started when a valve at the top
of the tank is given a quarter
turn.
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As soon as the engine starts, a
rotary pump of the gear type
sucks the oil from the oil well or
sump. at the bottom of the
crankcase and forces it through
a discharge manifold into chambers in which the lower ends of
the connecting rod dip. With
this system it is necessary to
shut off the flow of oil at the
tank whenever the machine is
stopped, in order to prevent
flooding the motor.
A modification of this system is
shown at Fig. 122 applied to a
single-cylinder engine. The usual form of pump drive by spiral
gears is employed to draw oil
from the container or sump
integral with the engine base,
but it is discharged from the oil
supply pipe into a passageway
that communicates with the
interior of a hollow crank-pin.
From here, it passes through an
oil tube attached to the connecting rod and lubricates the wrist
pin. The oil thrown from the
rapidly revolving flywheel lubricates the cylinder and piston
walls thoroughly.
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The lubrication system outlined
at Fig. 115 insures that the
bearings will receive copious
oiling and is a form that has
given excellent service on thousands of automobiles, as well as
having been successfully applied to four-cylinder motorcycle
engines. The pump draws oil
from a sump cast integral with
the crankcase through a filter
screen.
The oil level in the crankcase
proper is kept at a certain predetermined height by an adjustable overflow pipe so the flywheels will pick up lubricant as
they revolve, as in conventional
systems. The advantage of the
adjustable overflow is that this
can be easily changed at any
time to permit of more or less oil
in the crankcase.
For example, if the engine is to
be run at high speeds, as in
racing, the level can be made
higher. When the machine is
new, or after new rings have
been fitted to the piston, it may
also be desirable to furnish
more oil than would be required
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under normal operating conditions. The standpipe adjustment
can be readily altered to suit
conditions.
The gear pump discharges the
lubricant at some pressure and
this is piped to a point at the
bottom of the bearing housing
cap at the drive side, where it
communicates with a groove in
the crankshaft. This groove is
connected to a drilled passage
in the shaft by another hole
drilled at right angles to that in
the shaft.
The passage extends through
the flywheel to the crank-pin
center, from which a discharge
hole directs the oil to a point
between the crank-pin ball
bearing races. The centrifugal
force assists in distributing the
lubricant, and the crank-pin
bearings receive all they need.
The oil spray thrown off by the
revolving crank-pin supplements that picked up by the flywheels, and all interior parts
receive positive lubrication. As
the oil may be kept to the correct level automatically to insure
205

adequate lubrication by splash,
the rider’s responsibility ceases
when he has placed sufficient
good oil in the sump. He may
even be relieved of this duty by
having an oil tank attached to
the sump in such a manner that
oil will be automatically supplied by the air lock system.

Lubricating Two-Cycle
Engines
An advantage of some moment
that is obtained by the use of a
two-stroke power plant is the very
simple method of lubrication
employed in which all pumps,
sight feed or drip devices and
piping may be eliminated.
The method of supplying the
lubricant consists merely of
mixing a certain amount of oil
with the gasoline by pouring it
directly into the gasoline tank.
Owing to the construction of a
two-cycle motor, which decrees
that the explosive mixture must
go into the engine base before it
can pass into the cylinder it is
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possible to supply oil in the
manner indicated. The oil is not
dissolved by the gasoline but
still its viscosity or body is reduced to such a point that it will
pass through the spray nozzle of
the carburetor without any difficulty. It separates from the
explosive vapor in the engine
base and condenses in the form
of minute globules of oil on all
interior parts of the engine.
A certain amount of the condensing oil vapor finds its way
to the bottom of the engine
crankcase, and is distributed by
the flywheel just as in other
splash systems. The amount of
oil used is approximately onehalf pint per gallon of gasoline,
i.e., if two gallons of gasoline
were poured into the fuel tank,
it would be necessary to add a
pint of oil to insure that the
engine would be adequately
lubricated. The proportion may
also be expressed as one part of
oil to sixteen parts of gasoline
by volume.

Fig 122 - Mechanical Oiling System
for a Single Cylinder Motor
207

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
Attempts have been made to
lubricate four-cycle engines in
this manner but have not been
successful on account of the
mixture being supplied directly
to the cylinder interior instead
of to the engine base. The oil
deposited in the combustion
chamber interfered materially
with correct valve action and
promoted carbonization and
caused ignition trouble by shortcircuiting the spark plugs.
In the two-cycle motors, the oil
is well separated from the mixture before the gas charge is
transferred to the cylinder interior from the crankcase.

Motorcycle Fuel, Its
Derivation and Use
The great advance of the internal combustion motor can be
attributed more to the
dis-covery of suitable liquid fuel
than to any other factor. The
first gas engines made,utilized
ordinary illuminating gas as a
fuel, and, while this is practical
for use with stationary power
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plants, wherever it is available,
such as the natural gas fields of
the Middle west, or in cities and
towns having a central gas producing plant, it is obvious that it
could not be very well applied to
portable self-propelling power
plants used for cycle propulsion.
When it was discovered that
certain of the liquid fuels belonging to the hydrocarbon
class, which includes petroleum
and its distillates, benzol and
benzene, which are coal tar
products and alcohol, could be
carbureted or mixed with air to
form an explosive gas. the gas
engine became widely used as a
prime mover for all classes of
vehicles.
The liquid fuels have the important advantage that a quantity
sufficient for an extended period
of engine operation can be easily
carried in a container that will
not tax the capacity of the engine. and that requires but comparatively little space in any
out-of-the-way portion of the
frame.
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When used in connection with a
simple vaporizing device, which
mixes the liquid with sufficient
quantities of air to form an inflammable gas, the fuel is automatically supplied to the engine
without any attention being
demanded from the operator as
long as the supply in the tank is
sufficient to produce a flow of
liquid through the pipe joining
the mixing device and fuel container.
Up to date, the most important
fuel used in connection with
motorcycle and automobile engines has been one of the distillates of crude petroleum, known
generally to the trade as “gasoline.” This liquid, which is a
clear white, very light-bodied
substance, evaporates very
rapidly at ordinary temperatures. This feature made it especially adaptable for use with the
early forms of mixing valves,
because it mixed so readily with
air to form an explosive gas.
Fifteen years ago, there were
very few industrial uses for
gasoline and it sold for less than

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

five cents a gallon in some cases. During the past decade, the
demand for it has increased by
leaps and bounds, and it now
sells for four times as much as
it did when the , gasoline engine
was first introduced.
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The specific gravity of gasoline
varies from sixty to seventy-six
degrees, though very little of the
latter is now obtainable except
by special arrangement with the
oil-producing company.
209

It was formerly thought that
gasoline any heavier than seventy-six degrees would not work
satisfactorily in the cylinders of
the gas engine, and, while this
is true of the early crude and
inefficient vaporizers, modern
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mixing devices have been
How Fuel is Carried
evolved which handle gasoline of
sixty-two degrees specific gravity The conventional method of
carrying both the fuel and lubriand even heavier.
cating oil is clearly shown at Fig.
The percentage of gasoline pro123, which gives a view of the
duced from crude oil in proporEagle motorcycle with the side
tion to the other elements is
of the tank broken away to show
very small, and as the demand
its division into two parts.
has increased to such proporThe larger portion serves as a
tion, the tendency of the procontainer for gasoline and is
ducer has been to make gasoconnected directly to the float
line heavier or of lower specific
gravity by distilling off some of chamber of the carburetor by
the gasoline feed pipe. The oil
the heavier oils with it to incontainer also houses the
crease the bulk produced.
plunger pump used to supply oil
Experiments are being tried
directly to the crankcase and is
with kerosene and alcohol in
provided at the bottom with a
automobile carburetors, but
drip feed of the type previously
these fuels are not considered
described.
seriously in connection with the
The location of the motorcycle
motorcycle, on account of the
fuel tank is practically the same
small fuel consumption of all
on all machines at the present
motorcycle power plants. When
time, though in the early days,
a gallon of gasoline will suffice
as can be very clearly underfor 50 or 60 miles travel, fuel
stood by referring to the views of
expense is not a serious item,
pioneer forms of motorcycles
even considering the present
given in the first chapter, it was
price of gasoline.
attached to the frame at any
convenient point.
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The popular location was overhanging the rear wheel. At the
present time, the tank is invariably placed above the motor,
and, while most makers favor
the detachable construction by
which a removable tank is
placed between the top frame
tubes, some manufacturers
incorporate the tank as part of
the frame structure.
This is true of the Schickel motorcycle, in which the tank is an
aluminum casting that also has
the steering head and suitable
projecting lugs for anchorage of
the frame tubes cast integral.
In the Pierce motorcycle, the
frame is made of large tubing,
and this serves to contain the
fuel and lubricating oil as well
as forming the frame structure.
While the fuel tanks are usually
made of steel, they are either
galvanized or copper or brass
plated in the interior to prevent
corrosion due to moisture or
acids in the gasoline.
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The endeavor of most designers is
to attach the tank to the frame in
a positive manner, and yet have
the tank retaining brackets or
clips accessible so that member
can be easily removed for repair if
it becomes damaged.
The best material for tanks is
heavy gauge copper as it is easier to solder than steel, and is
not affected by moisture or other agents that would have a
chemical action on steel.

Principles of Carburetion
Outlined
Carburetion is a process of combining the volatile vapors evaporating from the hydrocarbons
previously mentioned with
enough air to form an inflammable gas. The amount of air needed
varies with the character of the
liquid fuel and some mixtures
burn much quicker than others.
If the fuel and air mixture is not
properly proportioned, the rate of
burning will vary, and either an
excess of fuel or air will reduce
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the power obtained front combustion materially. The proportions of
air and liquid needed vary according to the chemical composition of the liquid.
Gasoline, which is that commonly used at the present time,
is said to comprise 84 per cent
carbon and 16 per cent hydrogen. Oxygen and nitrogen form
the main elements of the air,
and the former has a great attraction for the main constituents of hydrocarbon liquids.
What we call an explosion is
merely an indication that the
oxygen of the air has combined
chemically with the carbon and
hydrogen of gasoline.
In figuring the proper amount of
air to mix with a given quantity
of fuel one takes into account
the fact that eight pounds of
oxygen are required to burn one
pound of hydrogen, and that
two and one-third pounds of
oxygen are necessary to insure
the combustion of one pound of
carbon.
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As air is composed of one part of
oxygen and three and one-half
portions of nitrogen by weight,
for each pound of oxygen one
needs to burn either hydrogen
or carbon, four and one-half
pounds of air must be allowed.
About sixteen pounds of air
must be furnished to insure
combustion of one pound of
gasoline, the hydrogen constituent requiring six pounds of air,
while the carbon component
needs ten pounds of air.
Air is not usually considered as
having much weight, but at a
temperature of 62 deg. Fahr.
fourteen cubic feet of air will
weigh a pound. Two hundred
cubic feet of air will be needed
to burn a pound of gasoline
according to theoretical considerations.
The element nitrogen, which is
the main constituent of air, is a
deterrent to burning as it does
not aid combustion or burn
itself. Therefore, it is usual
practice to provide four hundred
cubic feet of air to each pound
of gasoline.
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Mixtures varying from one part of
gasoline vapor to from four to thirteen parts of air can be ignited, but
the best results are obtained when
five to seven parts of air are combined with one of gasoline vapor.
This mixture produces the most
rapid combustion, the highest
temperature, and, consequently,
the most pressure.

What the Carburetor is for
Any device which will supply gasoline and air in measured quantities
so inflammable mixtures of the
proper proportions will be supplied
the engine is called a “carburetor.”
In its simplest form, a carburetor
would consist of a pipe open at one
end for the admission of air, and
joined to the cylinder at the other,
and having a spray nozzle or opening through which gasoline could
be injected into the air stream
placed at some inter-mediate point
in the pipe between the air inlet
and the gas outlet, to the cylinder.

Fig. 124 - Wolfmueller Surface
Vaporizer, an early Device for
Carbureting Volitile Hydrocarbons
212
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Early Vaporizer Forms
The surface carburetor was the
first device to be used in combining air with gasoline to form
an explosive vapor. Before the
motorcycle or automobile became popular, the gasoline
available was of very high volatility, i.e., it evaporated much
more readily than the heavier
fuels available today.
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The vapor given off is very rich,
and, in order to dilute it, extra
air was admitted through an
auxiliary air cone attached to
the mixing valve. The gas supply
to the engine was regulated by a
simple throttle as was also the
amount of air from the auxiliary
air entrance.

A separate throttle was provided
to regulate the quantity of gas
supplied as the only function of
A typical surface carburetor,
the mixing valve or chamber
such as used on one of the earli- was to regulate the quality of
est practical motorcycles, the
the gas.
Wolfmueller, is shown at
Another form of surface carbuFig.124. The operation of this
device is easily understood. The retor that received wide applicacarburetor was filled with fuel to tion on the early motor tricycles
of De Dion-Bouton manufacture
a definite height which was so
regulated that the surface of the is outlined at Fig. 125, A.
liquid was just below the lower
In action, it is very similar to
main air pipe opening.
that previously described, exThe air entered through a. funnel-shaped member which deflected it over the surface of the
fuel. Here it became mixed with
the vapor given off by the volatile liquid and the mixture
passed through a safety screen
to a mixing valve on top of the
carburetor.

cept that it was improved in
some details. For example, a
plate was attached to the bottom of the main air supply tube,
and this insured that all the air
currents would pass over the
surface of the liquid and become
saturated with vapor.
213

It was necessary to use a mixing
valve at the top of this carburetor, in order to dilute the rich
vapor, so as to secure an explosive mixture of proper proportions.
The simple form that is really
the parent of our present float
feed carburetors is shown at
Fig. 125, B. In this, the gasoline
was supplied from a container
to a fuel inlet on the side of the
main casting.
A re gulating needle valve was
placed in the passage that provided communication from the
fuel inlet to the jump valve seat.
The air entered below the jump
valve which was normally spring
retained against the seating so
that the mixing device was divided into two parts, one below,
the other above the valve.
As the valve covered the spray
opening, no gasoline could flow
into the mixing device as long as
the valve was held against its
seat by the spring. The suction
of the piston in the engine cylinder raised the jump valve from
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Fig. 125 - Early Gas
Carburetors
A. De Dion-Bouton
Surface Vaporizer
B. Simple spraying
Device with
Automatic Jump
Valve
C. The Wick
Carburetor
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its seat, and at the same time
the partial vacuum caused the
gasoline to spray out of the
opening and mix with the current of air drawn in through the
main air inlet and into the upper portion or mixing chamber
of the device. The amount of
liquid supplied the mixture was
regulated by the needle valve,
while the proportion of air could
be altered at will by limiting the
movement of the jump valve.
A third form that received limited application is known as “the
wick feed carburetor,” and is
illustrated at C, Fig. 125. In this
device, the liquid was drawn to
the top of the container by the
capillary attraction of the wicks,
and as the top of these were
brushed over by the main air
current, the vapors given off
were mixed with it to form an
explosive gas. The mixture proportions were regulated
by a simple shutter which could
be swung on an arc so that it
could be brought very close to
the wicks or moved away. This
shutter deflected the entering
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main air current against the
wicking, and when in its uppermost, position, practically no air
would enter the mixture without
passing over the surface of the
wicks and becoming saturated
with fuel vapor.
When the shutter was in an
intermediate position, part of
the entering air stream would
pats over the wicks while the
remaining portion would flow
directly into the column of gas
and dilute it if too rich. The fuel
inlet from the tank to the fuel
chamber of the mixing device
was controlled by a shut-off
needle and the amount of mixture supplied the engine could
be varied by a simple throttle of
the damper type.

Defects of Simple
Vaporizer Forms
The simple mixing valve forms
have disadvantages of some moment, the main defect being that
they are somewhat erratic in
action, and that the mixture carrot be as well regulated as when
215

float feed carburetors are used.
While the primitive forms gave
fairly good results with high grade
gasoline, they do not carburet the
lower grades of fuel used today
properly, and do not supply
enough gas of proper consistency
for the present types of engines.
The most efficient modern power
plants utilize float, feed carburetors instead of simple mixing
valves. The advantage of the float
construction is that, the gasoline
is maintained at a constant level
regardless of engine speed. In the
simple forms of generator valves
in which the gasoline opening is
controlled by a poppet valve, a
leak in either valve or valve seat
will allow the fuel to flow continuously whether the engine is drawing in a charge or not.
During the idle strokes of the
piston when there is no suction
effect exerted to draw in gasoline vapor, the liquid fuel will
collect around the air opening,
and when the engine does draw
in a charge it is excessively rich
because it is saturated with
globules of liquid fuel.
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With a float feed construction, a
constant level of gasoline or
other fuel is maintained at the
right height in the standpipe,
and will only be drawn out of
the jet by the suction effect of
the entering air stream.
The objection to the simple surface or wick feed is that the
tendency is to draw off only the
more volatile constituents of the
fuel, and that after a time the
heavier elements included in
gasoline will remain in the vaporizer and will not be changed
to gas.
Obviously the engine is not
capable of utilizing all of the
fuel. With a float controlled
spray nozzle, the spray is composed of all the constituents of
the liquid, and the lower grade
portions that are mixed with
those having higher evaporation
points are drawn into the cylinder and burnt instead of settling
to the bottom of the carburetor.

Fig. 126 - The Hedstrom Automatic
Carburetor used on Indian MCs
216
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is coupled to the inlet pipe of
the float chamber, and the
The float-feed carburetor, with
opening is closed by means of a
concentric float and mixing cham- needle point carried by a hollow
bers, is the standard American
metal or cork float.
type, and preference is given to
The length of the needle is such
automatic carburetors.
that its point shuts off the gasoIn England, the practice is difline supply when the level of
ferent, as the carburetors have
gasoline in the float chamber
separate float and mixing cham- coincides with the top of the
bers for the most part, and are
standpipe.
manually controlled instead of
having automatic compensation Whenever the fuel is drawn out
for speed variation as is general of the float chamber sufficiently
fast so the level is reduced, the
in this country.
float will sink with the decreasIn float-feed carburetors, the
ing liquid, and the passage in
principle of mixing the gasoline
the fuel supply pipe is opened,
vapor and air is the same as in
allowing gasoline to flow into the
the early forms of mixing devicfloat chamber until the liquid is
es, but the method of fuel supat the proper height.
ply is different. The device conJust, as soon as the proper level
sists of two parts, a float chamis reached, the float and the
ber and a mixing chamber.
needle it actuates are moved
The standpipe in the mixing
until the valve shuts off the flow
chamber is connected to the
of gasoline from the tank.
float chamber, and the arrangeThe concentric float chamber
ment is such that the level of
feature insures a constant level
liquid in the float chamber is
kept to a height equal to that of of fuel at the nozzle. When the
nozzle is carried at one side of
the spray nozzle. The fuel pipe
from the tank or main container the float chamber, if the carbu-

Elements of Carburetor Design
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retor tilts, as is possible when
climbing or descending a grade,
if the float chamber is higher
than the nozzle, the carburetor
will flood. If conditions are reversed, the level of fuel in the
spray nozzle will not be high
enough, and the mixture will be
too thin.
With the spray nozzle placed at
the central point of the device
no reasonable amount of tilting
will change the height of the
liquid at that point, and a mixture of constant proportions is
insured under all abnormal as
well as normal operating conditions.
The advantages of this construction do not seem to be properly
appreciated by European designers, though generally accepted by American engineers.
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Fig. 127 - Interior of Hedstrom
Automatic Carbuetor
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Automatic Carburetors
The simple form of float feed
spraying carburetor has disadvantages that made improvements in construction necessary
before it became really efficient.
One of these was that as the
engine speed increased, the
suction effect augmented in
proportion, and as more gasoline was sprayed into the
mix-ture because of the higher
degree of vacuum created in the
cylinder, the mixture became
too rich at high speed.
This is the main reason for the
introduction of the modern automatic carburetor, such as
shown at Fig. 128. In this device, the needle valve is mounted concentric with the float, i.e.,
the mixing chamber passes
through the center of the carburetor, while the bowl, in which a
horseshoe shaped float is
placed, surrounds the mixing
chamber.
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insure positive suction of liquid
at low engine speeds.
At high engine speeds, when the
mixture would be too rich in the
simple form of carburetor, an
automatic auxiliary air valve,
which is carried to one side of
the mixing chamber, opens and
admits air to the mixture to
dilute it.
In the English carburetors, it is
necessary to regulate the air
supply with every change in
engine speed, as it is believed
that this is the only way to secure maximum economy.
An automatic carburetor obviously must give average results,
and intelligent hand regulation
means that the best mixture for
any engine speed can be selected by trial instead of approximated by an initial setting of the
carburetor.

Motorcycle Carburetors
One of the most popular of all
motorcycle carburetors, and the
type which has undoubtedly
received the widest application
because it has been a standard
fitting on the Indian motorcycle
since its inception, is illustrated
at Figs. 126 and 127.
The external view at Fig. 126
will assist in making clear the
action, while the arrangement of
internal parts can be readily
ascertained by consulting the
sectional drawing at Fig. 127.
This design originated through a
desire of its inventor, Oscar HedStrom, who was then building
motor-pacing tandems, to eliminate the continual shifting of an
air valve every time the throttle
was moved, as was true of the
early carburetors and even
present-day foreign designs.
The Hedstrom was the first
automatic carburetor to receive
general approval, and was also
one of the first to incorporate
the concentric arrangement of
float and mixing chambers that

The air pipe is constricted
around the spray nozzle in order
to get the proper air speed to
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Fig. 128 - Schebler MC Carburetor
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is so common at the present
time. The automatic compensation feature was secured by a
conical sleeve working in the
mixing chamber, and actuated
through a suitable connecting
rod and crank arrangement
attached to the throttle barrel.
A manually regulated air shutter was provided to get a correct
mixture when starting the machine, and when this has been
set to provide a proper running
mixture, the carburetor automatically took care of mixture
variations and proper compensation was made between the
air and the gasoline as the
throttle was moved.
In the latest form of Hedstrom
carburetor, a pilot jet is provided in a separate mixing chamber which facilitates starting the
motor and insures steady running at low engine speed.
This carburetor was one of the
contributing causes that made
the Indian machine superior to
the earlier forms of foreign and
domestic manufacture, because
it provided a much better and
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more uniform mixture than the
mixing valves and surface vaporizers that were generally
employed, and permitted greater
engine speeds and flexibility.
Sectional views showing the
construction of the Schebler
motorcycle carburetor are presented at Fig. 128. This is a
concentric form, and a feature
of merit is the method by which
the fuel supply is augmented as
the throttle is opened.
The adjusting needle valve is
carried on a bell crank which
can he rocked by a cam forming
part of the throttle linkage. This
cam is so arranged that as the
throttle is opened a spring,
bearing against the bell crank
member, will raise the needle
from its seating in the spray
nozzle and permit more gasoline
to enter the mixture.
The auxiliary air supply is regulated by altering the tension of
the spring used to keep the air
valve seated. In the Hedstrom
carburetor, the float is of hollow
metal, whereas in the Schebler
a cork float is utilized.
221

The method by which the float
shuts off the flow of fuel from
the tank when it reaches the
right height in the float chamber
is practically the same in all
carburetors. A lever of the first
class transmits the upward
motion of the float to the needle,
which moves in the opposite
direction, and which shuts off
the fuel inlet when the liquid
reaches the proper level in the
float chamber.
In the Kingston carburetor,
shown at Fig. 129, the concentric float and mixing chamber
are retained, as this construction may be said to represent
standard American practice. A
feature of the device is the use
of a series of balls’of varying
weight to control the auxiliary
air ports. As the throttle is
opened, and the suction becomes greater, the balls open
progressively and admit more
air to the mixture.
In this carburetor, no provision
is made for altering the amount
of auxiliary air under the control
of the rider, but, instead, mix-
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ture proportions are altered by
a needle valve which determines
the amount of fuel sprayed from
the stand pipe.
At Fig. 130, sectional views of
the Breeze carburetor are depicted and in this form automatic regulation of the fuel
supply is possible, as the throttle is opened because of a direct
mechanical interconnection
between the throttle lever and
the regulating needle valve, as
outlined at Fig. 131.
The auxiliary air supply is regulated by means of a flat seated
air valve provided with the usual adjustable resenting spring.
The manner in which the mechanical interlock between the
needle valve and throttle lever
works can be readily determined by observing the relative
positions of the numbers on the
regulating needle valve top with
the throttle in the closed and
opened position. It will he observed that in the closed position, the figure 1 is approximately in line with the center
line of the carburetor, whereas
222
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when the throttle is opened the
needle valve has opened sufficiently so the numeral 3 now
registers with the carburetor
center line. Practically all
car-buretors include a “tickler”
or primer provided so the float
can be depressed several times
to cause gasoline to overflow the
spray nozzle and thus provide a
rich mixture for starting.

Foreign Carburetor Designs
Carburetors of English and
French design are considerably
different from those of American
manufacture because the automatic feature is seldom utilized,
and also because the float
chamber is usually distinct from
and set at one side of the mixing
chambcr.
European carburetors are not
only more bulky than our American forms but would not meet
with much favor in this country
on account of the constant manipulation of the air valve necessary every time the throttle is
moved.
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The Longuemare, a popular
French carburetor, is shown at
Fig. 132, while two representative English types are outlined
at Fig. 133.
The feature of the Longuemare
carburetor is the design of the
spray pipe which includes an
ingenious method of regulating
the quantity of fuel spray by a
conical plug provided with a
number of passage; so the fuel
is atomized in a number of fine
streams instead of one large
stream as is the case when a
spray nozzle having but a single
central opening is used.
The small streams are more
quickly vaporized and are more
easily absorbed by the entering
air than the one large stream
would be. The amount of gasoline is varied by changing the
depth or number of the passages cut on the face of the tapered
plug.
If the mixture is too rich, one or
more of the grooves may be
filled in with solder, whereas if it
is not sufficiently rich, the
223

grooves provided may be made
deeper and thus allow more
liquid to flow into the mixture.
The form shown is provided with
a heating jacket and when used,
in connection with an air-cooled
motor, a portion of the exhaust
gas is usually deflected through
this chamber to furnish heat. It
is not customary to provide
these heating chambers on motorcycle carburetors.
The English carburetors shown
at Fig. 133 are practically the
same in principle, the only difference being in details of construction. For example, that on
the left employs a counterweighted float arrangement,
while that at the right is considerably simpler because the float
needle which regulates the main
fuel inlet is attached directly to
the float. and moves in the same
direction. The method of auxiliary air regulation, and also the
throttle control in the device at
the left, is by semi-circular
slides which are normally
pressed down by springs, so as
to regulate the size of the extra
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Fig. 132 - French Longuemare Carburetor
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air opening or that leading to
the engine. These slides are
adapted to be worked from the
handle bars through Bowden
wire control. In the device at the
right, concentric slides are utilized to regulate the proportion
of air admitted the mixture, and
the quantity of gas supplied the
motor. The outer slide is the
member controlling the extra
air, while the inner member
regulates the supply of gas.
In the American carburetors
having a needle valve pointing
directly into the spray nozzle, an
advantage of some moment is
gained by breaking up the entering fuel stream into a spray.
In the English device, at the
right of Fig. 133, a small spraying cone is attached to the
throttle slide that is intended to
perform the same function.
It is desirable to interpose some
form of strainer or filter in the
gasoline line between the tank
and the carburetor in order to
prevent dirt or water from
reaching the interior of that
device.
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Two typical straining devices are
outlined at Fig. 134. In both of
these, a gauze screen is used to
separate the dirt from the gasoline, and a settling .chamber is
provided in which all dirt or
water collects instead of flowing
to the carburetor.
Suitable drain cocks are provided so the settling chamber may
be cleaned out when necessary.
Another point that needs to be
carefully observed to secure
proper carburetion, in addition
to the design of the vaporizer, is
to proportion the intake manifold so the gas flow will not be
obstructed and the charge will
reach the cylinders promptly.
The inlet manifold used on motorcycles is very simple when applied
to twin-cylinder engines and in
most cases endeavor is made to
have the carburetor attached to the
inlet pipe in such a way that it may
be readily detached without disturbing the remainder of the piping,
or the inlet pipe itself is fitted with
suitable threaded connections at
the ends so it can be removed from
the valve chambers.
228

Various forms of inlet pipes
used in connection with twincylinder engines are shown at
Fig. 135. At A, the inlet valve
dome castings have extensions
to which a very short fitting
carrying the carburetor is attached. At B, the manifold is a
one-piece member attached to
the inlet valve domes by easily
removable retaining couplings.
The construction at C is similar
to that shown at B, except that
it has a more pronounced curvature. In the manifold shown at
A, the intake pipe is straight,
whereas in those shown at B
and C the gas passages are laid
out with curves that are intended to provide an easy path from
the carburetor to the cylinder
interior.
The form shown at D is also
laid out in curves, but instead
of the manifold rising from the
carburetor to the valve chamber the pipes leading from the
central fitting to which the
carburetor is attached have a
pronounced drop to the top of
the cylinder.
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The design of a suitable inlet
manifold for a four-cylinder
engine is one that calls for considerable judgment, as it is not
practical to use the same type of
a manifold as is employed on
automobile motors owing to lack
of space, and also because the
carburetor must be carried at
one end instead of at the side of
the engine.
It is possible to design an inlet
manifold for a four-cylinder
automobile motor that will give
practically the same length of
passage from the carburetor to
any one of the four cylinders,
and each cylinder receives the
same quantity, and presumably
the same quality of explosive
mixture. As an example of a
four-cylinder manifold, that
used on Pierce engines is shown
at Fig. 136.
Viewed from the exterior, it
would appear that the intake
pipe was a simple tubular member having a branch leading to
each cylinder, but when one
examines the sectional view it
will be seen that a partition wall
230
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is placed in the interior, and that
this compensates in a degree for
the difference in distance between
the inlet valve of the first cylinder
and the carburetor carried at the
rear of the motor.

Mufflers, How They Operate
After the charge of gas compressed in the cylinder has been
ignited, and even when the piston reaches the bottom of its
stroke, the exhaust gas still has
considerably more pressure
than the atmosphere.
It is said that the pressure of
the exhaust gases discharged
through the exhaust valve when
that member is first opened is
about 40 to 45 pounds, and if
the gas is discharged directly
into the air, the vibration
caused by the violent ejection of
the gases produces a noise comparable to a gun shot.
The function of the muffler is to
silence the exhaust by permitting the gas to expand to approximately atmospheric pressure before it reaches the air.

One of the difficulties incidental
to muffler design is to provide a
form that will be effective as a
silencer, and yet not offer appreciable resistance to the flow of
the gases as this produces a
back or negative pressure on
the piston top when rising on
231

the exhaust stroke which reduces the power output of the engine.
This problem is not a difficult
one for automobile designers to
solve, because they have plenty
of space available and can make
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the expansion chambers large
enough so that there is ample
space for the gas to expand before
leaving the muffler interior.
It is only necessary to provide
an expansion chamber of a little
more than three times the cubical capacity of one of the cylinders, and to break up the entering gas stream to facilitate its
expansion, and one obtains a
very effective muffler that offers
no appreciable back pressure.
In motorcycle practice, it is necessary that the muffler should be
small and not occupy much
space, so it is seldom that the
motorcycle muffler will have more
than the cubical capacity of the
cylinder to which it is applied.
When one considers that the
gases are being discharged into a
silencer at a velocity of 6,000 to
7,000 feet per minute, with the
motor running 2,000 revolutions,
it will be apparent that it is a
problem of some magnitude to
dissipate the current of gas rapidly enough to break up its acoustic
powers without producing a negative pressure against the piston.
232
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The construction of a typical motorcycle muffler of English design is
shown at Fig. 137. The principle of
silencing involved is to break up the
gas into a large number of small
streams by the medium of perforated baffle plates through which the
gas must pass before it is discharged to the air.
The general practice is to provide
one muffler for both cylinders because but one is exhausting at a
time. Some of the foreign motorcycle builders provide a separate
muffler for each cylinder as indicated at Fig. 138. The somewhat novel
and effective silencing arrangement
used on Iver-Johnson motorcycles
is shown at Fig. 139. This consists
of what is practically an extension
of the exhaust pipe, perforated with
a large number of holes.
It is said to be reasonably silent,
and as there are no baffle plates
interposed to hinder the flow of gas,
it offers minimum back pressure.

partments by four baffle-plate
members and an inner cylinder.

Before the gas can pass out, as
indicated by the arrows, it must
An efficient muffler of American
first pass through the perforated
design is shown in the sectional
baffle plates into an intermediate
view at the bottom of Fig. 139. In
this, the gas enters a large chamber expansion chamber which communicates with a concentric cylindrical
which is separated into six com233

expansion chamber extending the
length of the muffler. This has
suitable perforations in its wall.
The endeavor of designers is to
make mufflers that can be easily
taken apart for cleaning which
is a desirable feature in view of
the oily character of the exhaust
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gas discharged from the average
motorcycle power plant.
In the form at Fig. 139, the
various components are held
together by a through bolt and
the muffler can be easily
dis-assembled by loosening one
of the clamping nuts at the end
of the bolt.
The various parts may be removed from the main head fitting, and after all deposits of oil
and carbon have been removed,
it is a simple matter to replace
the perforated cones around the
central expansion chamber and
clamp these members between
the muffler heads by the retaining bolt.
If cleaning is neglected, the
openings in the baffle plates
may become choked with carbon, and, as the area of the
passages is decreased, considerable back pressure will be
present which may cause the
engine to overheat.
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Use and Abuse of the CutOut Valve
Many mufflers are provided with
a cut-out valve designed so that
gas can be discharged directly
from the exhaust pipes to the
outer air instead of into the
muffler interior. It is an advantage to include a cut-out with
the muffler as this can be
opened when full efficiency of
the engine is desired as in speed
work or hill climbing.
The cut-out also affords an opportunity to judge the regularity
of engine running, because the
explosions can be heard easily
with a cut-out opened. While
the cut-out is a useful fitting, it
has been abused in many instances by riders who leave it
open in passing through towns
or when using the motorcycle in
traffic.
In fact, the practice of running with
an open muffler has been so general in the past that the impression
conveyed to the layman has been
that in silence of operation a motorcycle and a rapid fire gun are syn-

onymous. Practically all of the
motorcycles on the market today
are provided with effective and
efficient silencers, and there is no
excuse for running with a cut-out
open in average touring work.
Some manufacturers are successfully combating the open muffler
evil by eliminating the cut-out
fitting altogether which makes it
imperative that all exhaust gases be
discharged through the muffler.
235

The arrangement of the cut-out and
muffler of the Excelsior motorcycle
is clearly outlined at Fig. 140.
The muffler head has the branches,
in which the exhaust pipes are
secured, cast integral, and, at one
side of the head, an opening is
provided in this casting which is
closed by a suitable damper or
shutter easily worked by a small
lever or crank to which it is attached.
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This crank can be moved easily
with the foot, and can be
opened or closed while riding as
conditions dictate, and will stay
in either the open or closed
position.

How Compressed Gas is
Ignited
When the gas engine was first
developed, the compressed gas
was exploded by means of a
naked flame which was permitted to communicate with the
combustion chamber interior by
means of a slide valve which
moved at the proper time to
permit the flame to ignite the
gas back of the piston.
This system of ignition was
practical only on the primitive
gas engines where the charge
was not compressed to any
degree. When it became desirable to compress the gas before
firing it, the hot tube system of
ignition was used. This method
involved the use of an incandescent platinum, porcelain or
nickel tube in the combustion
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chamber, the tube or ignitor
being kept in a heated condition
by a flame burning in it.
Another method depends upon
the property of gases firing
themselves if compressed to a
sufficient degree, provided that
a certain amount of heat was
stored in the cylinder head to
insure complete vaporization of
the gas, and help produce the
proper kindling temperature.
Practically all of the gas engines
in use at the present time, except those employed for stationary power that operate on the
Diesel system, utilize electrical
ignition systems. In all motorcycle
and automobile power plants, the
compressed gas is exploded by a
minute electric arc or spark in
the cylinder, the current for
which is produced by some form
of chemical or mechanical generator of electricity.
The early forms of ignition systems had a disadvantage in that
they were not flexible and could
be used successfully only on
constant speed engines. None of
236

these methods are practical in
connection with motorcycle
power plants because they do
not permit the flexible engine
action that is so desirable and
necessary.
While electrical ignition systems
are somewhat more complicated
than the other simpler types,
they are the most efficient, and
as their peculiarities are now
generally understood, there is
no difficulty in applying them
successfully. Two forms of electric ignition systems have been
used, the most popular being
that in which a current of electricity under high potential or
pressure is forced to leap an air
space between the points of a
spark plug which is screwed
into the cylinder.
The other system, which is used
to a limited extent on marine
engines, is known as the low
tension system because a current of comparatively low voltage
is utilized instead of the high
pressure current used in the
more popular systems.
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Whereas the spark is produced
in the high tension system by
the current heating up the air
particles between the points of the
spark plug, it is produced in the
combustion chamber when the low
tension method is employed by
moving electrodes which come in
contact with each other, and which
produce a spark as they separate.
The essential elements of any
electrical ignition system are:
First, a simple and practical
method of current production;
second, suitable timing apparatus to cause the spark to occur
at the right point in the cycle of
engine action;
third, some form of igniter to
produce the spark in the combustion chamber;
fourth, apparatus to transform the
low tension current obtained from
batteries or dynamo to one of greater value before it can produce a
spark in the cylinder; and
fifth, suitable wiring, switches and
other apparatus to convey the
current produced by the generator
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to the auxiliary apparatus, and
from these to the spark-producing
member in the cylinder head..
There are two common means for
obtaining the electrical current
used to produce the spark in the
cylinder, one of these depending
on a chemical action, the other an
electro-magnetic action. The first
class includes the various forms
of primary and secondary batteries, while the second group includes the various mechanical
appliances, such as dynamos and
magnetos.

second, an electrolyte which
may be a solution of a salt or
acid in water, which will have a
chemical affinity for the active
element;
third, a neutral plate which
serves to collect the electricity
produced by the chemical combination of the electrolyte and
active elements.

The dry battery is so called because the electrolyte is in the
form of a paste instead of a
liquid. The dry cell consists of a
zinc can filled with electrolyte
The simplest method of current
and a depolarizing chemical in
generation is by means of a simthe center of which a carbon rod
ple chemical cell, generally known or plate is placed. The function
as the “dry battery.” These belong of the depolarizer is to keep the
to the primary cell class because
cells active for a longer period
a current of electricity is generatthan would be the case if only a
ed by the oxidation of one of the
simple electrolyte was used.
elements of which the cell is comThe zinc can serves as a containposed by the electrolyte.
er for the electrolyte and also
Any primary battery consists of
forms the active member. The
three main elements:
carbon rod is the neutral or collecting member. A terminal is
First, a plate of some material
attached to the zinc can and is
which will be acted on by the
known as the negative, commonly
electrolyte;
indicated by a minus sign thus
(—) while the terminal attached to
237
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the carbon is shown as the positive connection (commonly indicated by a plus sign +).
It is to these terminals that the
wire forming the external circuit
of the cell are attached, the
internal circuit being completed
by the electrolyte and depolarizer.
A single dry cell does not have
enough power to produce a
spark, so a number of these are
generally joined to form a battery. The common method of
connecting dry cells is in series;
this means that
the positive terminal of one cell
is always coupled to the negative terminal of its neighbor.
When cells aro coupled in this
manner, the battery has a voltage equal to that of one cell
times the number of cells so
joined. For instance, three dry
cells would have a potential or
current pressure of four and
one-half volts, as one dry cell
has a pressure of one and onehalf volts.
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The amount of current produced
by the batteries is measured in
amperes and the battery capacity will depend upon the size of
the active element, and the
strength of the electrolyte. The
ordinary No. 6 dry cell which is
six inches high by two and onehalf inches in diameter will
indicate a current strength of
about twenty amperes. When
cells are joined in series, the
am-perage of the set is equal to
that of but one cell.
When dry batteries are used for
motorcycle ignition purposes,
they are always coupled together in a series connection to obtain the proper voltage and current strength.
The dry battery has a number of
advantages, chief among which
are its cheapness, ease of installation, compactness and simplicity. It has the disadvantage
of being limited in capacity and
not, suited for continuous work,
which it shares with all other
forms of primary battery. When
dry cells are exhausted, there is
no method of renewing them to
238

efficiency, and they must be .
replaced. They are seldom used
on modern machines.
The coming of electrical selfstarting and lighting systems on
motorcycles has created some
degree of interest in storage
batteries, and in one machine,
the Indian, which can be obtained with full electrical equipment, the battery current is
employed for ignition purposes
as well as for lighting and for
starting the motor.
The storage battery is a chemical current producer that is
capable of being recharged
when it is exhausted by passing
a current of electricity through it
in a reverse direction to that of
the current given out. Storage
batteries are composed of elements of practically the same
material, and can only become
active when a current of electricity is passed through them.
The materials generally used are
grids of lead filled with a paste
composed of lead oxides. When
the current of electricity passes
through these plates, they be-
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come enough different in nature
so that, a difference of electrical
condition exists between them,
and when the cell is fully
charged, a current may be
drawn from it in just the same
way as from a primary battery.
Storage batteries have the advantage that they may be used
for continuous current production, and as they may be recharged when exhausted, it is
not necessary to replace them
with new members when they
will no longer produce current.
The storage battery is called a
“secondary cell” because it can
only give out energy after a current of electricity has passed
through it, whereas a primary
battery in good condition will
produce electricity as soon as it
is completed.
The storage battery uses an
electrolyte composed of dilute
sulphuric acid and water, while
a dry battery uses an alkaline
electrolyte composed largely of
sal-ammoniac.

The average form of storage battery used for ignition, lighting or
starting purposes is really composed of a number of separate
cells, which are placed in a common carrying case of wood or
hard rubber.
239

The connection between the cells
is made by plates of lead which
are burned to the elements,
leaving but two terminals free,
one of which is a negative member while the other leads from
the positive plates.
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To prevent spilling of the electrolyte, the top of the cell or
battery is sealed with a hard
rubber plate over which is
poured a pitch and rosin compound. The electrolyte is renewed through a small vent in
each cell which is covered by a
removable hard rubber cap.
These vents also allow for the
escape of the gases evolved
when the cell is being charged
or when it is delivering a current
of electricity.

Simple Battery Systems
The first system of ignition to be
applied after the hot tube method had been abandoned was the
various electrical systems in
which batteries furnished the
current. The wiring of two ignition systems for single-cylinder
motorcycle engines is shown at
Fig. 141, while a diagram showing the arrange-ment of parts
and the method of joining them
in a two-cylinder ignition system
is outlined at Fig. 142. In the
simple system depicted at A,

Fig. 141, three dry cells are
joined together in series to form
a battery capable of delivering
about 4.5 volts. This voltage
would not be sufficient to leap
the air gap or space between the
points of the spark plug because
it requires a pressure of several
240

thousand volts to produce a
spark between the plug points.
Therefore, an important element
of all battery systems is the
transformer or induction coil
employed to raise the voltage of
the current so it will overcome
the resistance offered by the air
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gap. It is not necessary to go
deeply into the theory of induction coil action at this time because none of the present day
motorcycles, with the exception
of the Hendee Special Model
Indian, utilize these members or
batteries for ignition.

contained in torpedo-shaped
casings of hard rubber. Each
time a current of electricity
passes through the primary coil,
an induced current of considerably higher voltage flows
through the secondary coil. In
order to insure that this rush of
secondary current will only take
In its simplest form, the inducplace at such times that a spark
tion coil consists of a core comis needed in the cylinder, a
posed of soft iron wire around
mechanically-operated switch
which is wound two or three
termed the “timer,” which is
layers of No. 16 or 18 magnet
driven by the crankshaft of the
wire. This is thoroughly insulatengine, is interposed in the
ed from another coil of very fine,
circuit between the batteries
thread-like wire comprising
and the primary coil.
several thousand turns which is
wound around the coil of coarse Considering first the four termiwire.
nal coil shown at A, we find that
two of the leads are insulated
The coarse wire is termed “the
more heavily than the other two.
primary winding,” because the
energizing current from the
The two wires with the thick insubattery flows through it. The fine lation are secondary wires, and
wire, which is not in electrical
one is grounded while the other
connection with the battery, but goes to the insulated terminal of
which is excited by induction, is the spark plug. The flow of sectermed “a secondary coil” for
ondary current is completed bethis reason.
cause the plug body, which carries one of the electrodes, is also
In addition to the windings and
grounded by being screwed into
core, a condenser is also includthe cylinder casting.
ed in the assembly which is
241

When a four-terminal coil is
used, both terminals of the
timer are insulated from each
other, and the circuit is completed only when the platinum
points on the timer spring and
insulated contact screw are in
contact.
One of the primary wires, therefore, is attached directly to the
insulated screw of the timer,
while from the insulated contact
spring another wire makes connection with the zinc terminal of
the battery.
The other primary terminal is
connected to one side of a plug
switch, while the wire from the
carbon terminal of the battery is
connected to the other.
Before starting the engine, it is
necessary to bridge the gap between the plug switch members
by a suitable metallic connector,
and then, as the engine is rotated, the timer cam will bring the
platinum points on the insulated
spring and screw together, and
close the primary circuit when
the piston reaches the end of its
compression stroke, and when
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the gas is fully compacted preparatory to explosion.
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the battery is attached to one of
the segments of the plug switch
while the other member is
grounded.

Two primary wires extend from
the coil case that are electrically
insulated from each other, as
Vibrator coils, which are very
each of these serves an individual
popular in automobile and macoil. The primary wire from coil A
rine service, are seldom used in The timer cam, which is attached
goes to the insulated contact at
motorcycle ignition systems,
to a metal shaft, is also grounded,
one side of the timer, while the
because with the high speed of
and the current flow from the
primary wire from coil B is atthe engine a single quick conplug switch to the timer cam is
tached to the insulated contact at
tact not only produces the rethrough the metal parts of the
the other side. One end of the
quired spark but means a conengine and frame. But one secbattery circuit is grounded as is
siderable reduction in battery
ondary wire, S, projects from the
also the timer cam.
consumption. It is necessary to
coil, and this, of course, goes
regulate the contact screw of the directly to the insulated terminal
As the cam revolves, connection
timer very carefully to secure
of the spark plug.
is made first between one pair of
the best results from the engine,
insulated contacts and then
When a two-cylinder engine is to
and a difference of an eighth of
between the other. The spacing
be served by a battery ignition
a turn is often all that is needed
of the springs that are actuated
system, it is necessary to use
to increase or reduce the engine
by the cam is such that the
two coils, one for each cylinder,
speed appreciably.
explosions occur at the proper
and a two-point timer. The two
time in the cylinders and deThe wiring diagram presented at induction coils are invariably
pend upon the method of placB is practically the same as that housed in a single casing and
ing the cylinders and design of
outlined above it, except that
are connected together inside in
the crankshaft.
one of the secondary terminals
such a way that but five leads or
is joined inside of the coil to one wires extend from the coil case. In the timer shown at Fig. 142,
of the primary leads which goes
the explosions are separated by
Two of these are secondary
to the battery.
even intervals because the can
wires, one from coil A and the
contact blocks on the tinier
The primary wire P-1 goes to the other from coil B. The remaining
springs are opposite each other
insulated screw on the timer,
two secondary leads are joined
and separated by a space equal
and the primary wire P-2 goes to together inside of the coil casing
to 180 degrees or half a revoluthe carbon terminal of the dry
and connected to the primary
tion of the timer-cam travel.
cell battery. The zinc terminal of wire common to both coils.
243
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A timer used for single-cylinder
engines is shown at Fig. 143
with all parts clearly indicated
and one for two-cylinder power
plants at Fig. 144.
The basis of the timer is often a
block of fiber to which suitable
binding posts are attached to
support the vibrating spring and
the contact screw.
In the form outlined, these
members are attached to terminals secured to the timer base
by means of internal wires or
suitable metallic connections.
The wires comprising the outer
circuit are attached to these
terminals. The cam of the timer,
shown at Fig.143, is different in
form from that at Fig. 144.
The former normally keeps the
spring out of contact with the
platinum-pointed contact screw,
and an electrical connection is
established only when the cam
rider or block on the end of the
vibrator spring falls into the
notch cut into the periphery of
the cam.
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In the form at Fig.144, the cam
has a raised portion which lifts
the springs into engagement,
and establishes a connection by
positive mechanical means instead of depending upon the
spring tension as in the other
construction.
In order to produce a spark in
the combustion chamber and
yet have no leakage of gas, it is
necessary to use a special fitting
termed “the spark plug” between the points of which the
ignition spark takes place.
A typical spark plug is shown in
section at Fig. 145. The central
rod to which the terminal is
attached passes through a porcelain body which insulates it
from the steel portion that
screws into the cylinder.
Electrodes extend from the plug
body to within a thirty-second of
an inch of the central rod, and it
is between these members that
the spark takes place. Most of the
motorcycle plugs are insulated
with mica instead of porcelain,
but the general principles of construction are the same in all.
245
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The only differences are in
points of minor detail such as
the size of the thread at the
bottom of the plug body and the
form of insulation and number
of electrodes.
Motorcycle spark plugs are provided in two thread sizes, the
standard being the metric,
which is considerably smaller
and finer than the other, which
is the regular half inch standard
iron pipe thread.
The spark plug is usually located
in the combustion chamber in
such a way that the points arc in
the path of the fresh gases as
they enter through the open inlet
valve as shown at Fig. 146.
Combination insulations, such
as a mica core pressed in a
porcelain shell, are used on
some plugs, while others are
lava or steatite for sep-arating
the central electrode from the
remainder of the assembly.
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High Tension Magneto Action
Taking electricity from either a
dry or storage battery is comparable to drawing a liquid from a
reservoir filled with a certain
definite supply.
As the demands upon the reservoir increase, its capacity and
the amount of liquid it contains
become less in direct proportion. Batteries cannot maintain
a constant output of electricity
for an indefinite period, and
their strength is reduced according to the amount of service
they give.
A mechanical generator of electricity produces current without
any actual deterioration or depreciation of chemicals and
plates, as is true of a battery.
There is some wear present in a
mechanical generator, but this
is so small compared to the
amount of service it will give
that its effect is practically negligible as regards current output.
A simple analogy that will enable one to appreciate the merits of the mechanical generator
247
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may be made with a pump system of drawing a liquid from a
practically inexhaustible reservoir. As long as the pump is
turned it will supply liquid.
The same thing is true of a mechanical generator of electricity
which will supply current as
long as the rotating parts are
turned. With batteries, when
the . engine speed increases, and
the demands upon them become greater, the current
strength decreases at a time it
should be strong.
With a mechanical generator of
electricity, the current output
increases as the speed, and as
these devices are usually driven
directly from the engine, when
this member demands more
electricity the mechanical generator will supply it automatically
because it is being driven faster.
The high tension magneto is the
form that is generally used in
motorcycle ignition systems, and
its popularity is increasing
among other gas engine users
as well.

The main advantage of the true
high-tension magneto is that it
comprises in one device all the
elements of the current generating and intensifying devices and
all that is needed in connection
with a high tension magneto are
248

the spark plugs and the wires
by which they are connected to
the instrument. A high-tension
magneto for a four-cylinder
engine is but very little more
complicated than one used on a
two-cylinder power plant.
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The only difference is in the
number of contacts in the distributor, and the speed at which
the device is driven.
A typical high-tension magneto
utilized in connection with a
single-cylinder engine is outlined in its simplest form at Fig.
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147; and at Figs. 148 and 149,
the parts and their proper relation are clearly shown. The armature is a two-pole type having
an approximately H section, and
it is wound with two coils of
wire. One of these is comparatively coarse one corresponding
249

to the primary winding of an
induction coil, while the other is
a fine winding having many
turns that performs the siune
function as the secondary coil.
The armature shaft is mounted
on ball bearings to insure easy
rotation. The magnetic field is
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produced by means of two
horseshoe magnets attached to
iron pole pieces which form the
armature tunnel.
Mounted on and turning with the
armature is a condenser which is
placed in shunt connection with
the contact points in the magneto
breaker box. The armature is
driven by positive chain or gear
drive, and it is timed in such a
way that the contact points of the
magneto contact breaker separate
only when a spark is desired in
the engine.
The contact breaker, which
corresponds to the timer of a
battery ignition system, consists
of a fixed member which carries
one of the platinum contact
screws while the movable bellcrank lever carries the other
platinum contact.
The condenser is used to absorb
a surplus current which is clue to
self induction between the various windings of wire and to prevent the excess current so generated from producing a spark that
would tend to burn the contact
points as they separate.
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The safety spark gap is interposed between the high-tension
brush and the ground in such a
way that any excess current
that might injure the windings,
if it was allowed to go through
the instrument in the regular
manner, will be allowed to flow
to the ground without passing
through the external circuit.
This device performs the same
function for the magneto as a
safety valve does for a steam
boiler, in that it provides a
means of escape for excess
pressure that might injure the
device if no means were provided for its disposal other than the
regular channels of distribution.
On a four-cylinder motor, the
magneto is driven at crankshaft
speed, the contact breaker cams
being arranged in such a manner that the contact points separate twice during cash revolution of the armature.
Every time the contact points
are separated a current of electricity leaves the armature by
means of a high-tension brush
which bears on the insulated
251

contact ring carried at one end
of the armature shaft, and is led
to a distributing brush at the
center of the secondary current
distributing member.
The spark plugs are attached to
wires which lead to the segments in the distributor, there
being one segment for each
spark plug. The distributor shaft
is revolved at half armature
speed by means of gears, and
the revolving contact brush
makes contact with one of the
segments each time that the
spark points separate, so the
current of electricity is directed
to the plug which is in the cylinder about to fire.
It will be seen that this device
includes the current generating
and commutating means as well
as the timing mechanism.
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Operation of Standard
High-Tension Magneto
Some magnetos intended for
twin engines of the V-type have
a special arrangement of the
pole pieces, as indicated at Fig.
150, so the period of maximum
current production will correspond to the point where
ig-nition is desired.
The armature of the magneto is
driven at the same speed as the
cam shaft, and the direction in
which the armature is to rotate
is indicated by the makers.
The angle between the cylinders
of the engine for which the magneto is intended is also indicated, and a magneto cannot be
used for the reverse direction to .
that in which it is stamped or
for an angle different from that
indicated.
As has been previously outlined
in the operation of a twin-cylinder V-type four-cycle engine,
each cylinder fires once during
every two revolutions of the
crankshaft, but the two firing
strokes are not evenly spaced in

the two revolutions, i.e., there is
an interval of more than one
revolution between the firing
strokes of cylinder 1 and cylinder 2, and an interval of less
than a revolution between the
firing stroke of cylinder 2 and
the following firing stroke of
cylinder 1.
The revolutions of the crankshaft are therefore divided into a
long period and a short period,
and, as a rule, cylinder 1 is
252

considered to be that which fires
at the beginning of the long
period, while No. 2 is that in
which a spark takes place at the
beginning of the short period.
An examination of the interrupter or breaker box of such a magneto, which is clearly shown at
Fig. 151, will show that the two
segments are marked with the
characters 1 and 2, and it will
be observed that the dust cover
of the magneto also bears these
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numerals which in that case
refer to the two high-tension
terminals which are also clearly
shown at Fig. 151.
When the steel segment marked
1 is operating the interrupter,
the carbon brush marked 1 will
be in connection with the current-distributing segment on the
slip ring, and the secondary
current produced at that instant
will pass from the magneto to
the spark plug connected to that
brush.
When the engine is installed in
a motor-cycle, cylinder 1 is the
member nearest to the rear
wheel and is the one by which
the magneto timer is set.
The brushes are usually carried
in easily removable members as
at A, Fig. 152, which shows the
brush for a one-cylinder magneto, or at B and C which show
the exterior views and section of
one of the brushes intended for
a two-cylinder magneto.
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Magneto Driving Means
As the magneto will produce
current sufficient to overcome
the resistance of the air gap at
the spark plug only at a certain
definite armature position, and
as the contact-breaker points
must separate coincidently with
the attainment of the position of
maximum current generation, it
is imperative that the magneto
be positively driven by the motor
to which it is fitted, and by a
method of drive that will obviate
any possibility of slipping.
In this respect, the magneto is
different from a dynamo or, in
fact, forms of magnetos which
deliver a current of low voltage,
and which require auxiliary
timing and current intensifying
appliances before the elec-trical
energy is available for ignition.
When the timing device forms
part of the magneto, and is
attached to the magneto armature, it is imperative that the
contact-breaker points separate
always at the ‘same time in the
cycle of operation.
255
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A simple method of driving a
magneto is shown at Fig. 153. In
this, a chain extends from a
sprocket on the cam-gear shaft
to a member of the same size on
the magneto armature shaft.
The cover of the gear case and
chain case is removed to show
the relation of the parts to each
other.
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As the chain is protected from
abrasive material in the form of
dust or grit, and as it is always
thoroughly oiled, there will be
but little wear or stretching. In
this country, the general practice is to drive the magneto
through a train of intermediate
gears interposed between the
cam-timing gears and a suitable
256

member at tached to the magneto, armature. Some makers,
notably Spacke and Pope, drive
the magneto by means of worm
or spiral gears, and, in some
instances, this device may be
driven by beveled gearing. It is
important to have the drive as
direct as possible, because in a
system with a large number of
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gears there is apt to be some
back lash develop between the
various gear members after the
engine has been used for a time,
and this may interfere with the
accuracy of the spark timing.

Ignition Timing
An important point in connection with successful operation of
the magneto ignition system is
that the break between the
magneto contact points takes
place just when it is desired to
obtain a spark in the cylinder.
Therefore, in timing a twincylinder motor, the engine
should be turned over until the
piston in cylinder 1 is at the top
dead center or upper end of the
compression stroke.
The position of the piston may
be determined by a wire passed
through a pet cock or any other
opening in the cylinder head, or
by a suitable mark on the driving pulley provided by the maker of the engine to indicate that
the piston has reached the top
of its stroke.

The magneto is then bolted to
the base prepared for it with the
driving gear loose on the armature shaft and the dust cover
over the armature removed. The
timing control lever attached to
the contact breaker is placed in
the full retard position which is
257

done by moving it as far as it
will go, in the same direction as
the armature is driven. The
armature should then be rotated by hand until the cam is
sepa-rating the interrupter
points. The armature should be
held firmly in this position and
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the driving gear is then tightened on the armature shaft. It is
imperative that there should be
no slippage during this operation. Carbon brush 1 is connected to spark plug of cylinder 1
and carbon brush 2 to the spark
plug in the remaining cylinder.
Before starting the engine to
verify the timing, the dust cover
should be replaced over the
armature. Timing a single-cylinder engine is, of course, somewhat simpler as there is but one
secondary lead from the magneto to the spark plug.
The position of the piston in the
cylinder of the Precision engines
is shown at the top of Fig. 154,
and it is at this point that the
contact points should be just
separating, provided that the
lever on the contact-breaker
case is fully advanced.
With the lever fully advanced,
the spark points separate before the piston reaches the top
of its compression stroke,
whereas if the lever on the
contact breaker is placed in
the retard position the points

should not separate until the
piston has reached the top of
its stroke.

intervals, and a form of magneto
with regular type pole pieces
may be employed.

If a two-cycle engine is to be
timed, and the cranks are arranged at 180 degrees, as
shown at Fig. 155, the explosions will be separated by equal

The contact breaker arrangement is such that the points are
separated at equal intervals
because there is no long period
or short period as is the case
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with a V-type, four-cycle engine.
The arrangement of the pistons
of a twin-cylinder four-cycle
motor in which the explosions
are evenly spaced is shown at
the top of Fig. 156.
A magneto of the same type
would also be used with a double-cylinder opposed motor. In
the V-type engine, shown at the
bottom of Fig. 156, the explosion in cylinder 1 occurs at the
beginning of the period that is
equal to one complete revolution
plus the angle A between the
cylinder center lines while the
explosion in cylinder 2 occurs
one revolution minus the angle
between the cylinders after the
ders; in this case, it would comexplosion in cylinder 1.
plete the circuit between the
The arrangement of the contact central distributing member and
breaker and distributor parts of the brush connected to the cylinder about to fire.
a four-cylinder magneto is

interrupter housing, a flat spring
attached to the primary binding
post is brought in contact with a
grounded pin located on the magneto end plate.

shown at Fig. 157. Just as the
cam R is about to separate the
contact points, the metal distributing segment of the distributor should he in communication with one of the insulated
brushes that are connected to
the plugs in the various cylin-

Another method is to connect
the binding post to the ground
through the medium of some
form of switch, one wire being
connected to the binding post
and the other switch wire being
led to any convenient part of the
engine or frame.

In order to cut off the ignition, the
primary circuit of the magneto
must be grounded, and this may
be accomplished by either of two
methods. The one most commonly used in this country is retarding the ignition to an extreme
point, at which position of the
259
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A cut-out switch adapted for
location on the handle bars of a
motorcycle is shown at Fig. 158.
A block of fiber serves to insulate the contact spring from the
handle bar, and when it is desired to ground the circuit, a
contact is established between
the end of the spring and the
handle bar by pressing on the
hard rubber knob at the free
end of the spring.
The action of a magneto switch
is radically different from that of
the type employed for battery
ignition.
With the latter, the current will
not flow unless the primary
circuit is completed, whereas
with a magneto, completing the
primary circuit means a discontinuation of current generation.
What would be the “on” position
in a battery switch is the “off”
position in a magneto system.

Detection of Faults
The following instructions are
issued by the makers of the
Bosch magneto, and as they
cover the ground thoroughly,
they are reprinted verbatim:
In case of a fault in the ignition
system, the firing will become
irregular or will cease entirely.
In case of irregular firing, the
fault is almost invariably due to
a defective spark plug, and if
this condition is noticed the
spark plugs should be changed.
260

To locate the cylinder that is
misfiring, disconnect the cable
from spark plug 1 and crank the
engine. If the engine operates on
cylinder 2 under these conditions, it shows that the ignition
of that cylinder is correct and
locates the defect, in cylinder 1.
However, should no ignition
occur, the spark plug of cylinder
2 is defective and must therefore be replaced.
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The more common defects of
spark plugs are as follows:

cylinder the resistance between
the points of the gap is greatly
increased.

First.—Fouling of the plugs, due
to the carbonization of the
in-sulation. A fouled plug may
be cleaned by the use of a stiff
bristle brush dipped in gasoline.

The distance between the spark
plug eiectrodcs must therefore
be much less than is required
when the’spark passes in the
open air.

Second.—Too large a gap between the electrodes of the
spark plug. The normal spark
plug gap should be from 0.5 to
0.6 millimeter (about 1/64
inch), smaller or larger gaps
being detrimental to good ignition. If the gap between the
spark plug electrodes is too
great, the current will discharge
across the safety spark gap on
the magneto.
When the plug is unscrewed
from the cylinder, however, the
spark will jump across the plug
electrodes instead of across the
safety spark gap. This does not
signify that the distance between the spark plug electrodes
is correct, for when the spark
plug gap is subjected to the
compression that exists in the

Should ignition be irregular in
both cylinders, the contact
points should be examined,
which may be done by swinging
spring 17 to one side and removing cover 16 (Fig. 151).

The following points should be
observed: Screw 9 should be
screwed tight into position; the
platinum-pointed screws 12 and
Third.—Short circuiting of the
13 should make contact when
spark plug by metallic beads
the interrupter lever 6 is not
formed across the spark plug
touching the steel segments 11;
gap by the intense heat of the
magneto current. The removal of the distance between the platithese metallic beads will correct num-pointed screws should be
about 0.5 millimeter when the
the difficulty.
interrupter lever 6 is resting on
If ignition fails suddenly, there
one of the steel segments 11,
will probably be a short circuit
and the metal blade, pivoted to
in the cable connected to bindthe adjusting wrench that is
ing post 170 and leading to the
supplied, may be used as a
switch. A difficulty of this sort
gauge for this distance.
may be determined by disconnecting the cable from the mag- If the parts of the interrupter
appear to be in order, screw 9
neto and testing to see whether
may be withdrawn and the conignition is resumed. Should
tact-breaker disk removed comignition still prove faulty and
irregular, the interrupter should plete.
be inspected to ascertain if the
The platinum points should be
interrupter lever moves freely,
examined, and if they are rough
and if the platinum points make or worn—but only in this
good contact.
event—they should be trued
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This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

4. LUBRICATION, CARBUETION, IGNITION

with a fine flat file, or
with fine emery cloth. If
they are oily and dirty,
they should be cleansed
with gasoline. The surface between spring 15
and the screw 9 should
be kept clean.
An investigation as to
the cause of trouble
may be summarized as
follows:
First, change the spark
plug;
second, examine the
spark plug cable;
third, test for trouble in
the switch or switch
cable by operating the
magneto with the cable
disconnected from binding post 170;
fourth, examine the
interrupter lever for free
movement; and
fifth, dismount the interrupter to examine
platinum contacts.

The armature is supported on ball
bearings and should be lubricated
with a few drops of light oil every
300 to 500 miles, applied to the oil
holes, which can be found at each
end of the magneto, covered by
hinged brad plates.
262

The other parts of the apparatus require no lubrication, and care should
be taken to prevent the introduction of
oil into the interrupter parts. These
operate without lubrication, and oil will
interfere with their action.

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

5. POWER TRANSMISSION

CHAPTER V. Power Transmission System Parts.

The power transmission group is next in importance to the energy producing elements and
much depends upon correct application of the
various devices utilized in transmitting the engine
energy to the traction member. The efficiency of
the motorcycle as a whole depends largely on that
of the power transmission system. An extremely
powerful and effective motor is of little avail if a
large proportion of the power it produces is consumed by friction or transmission losses before it
can be applied to the rear wheel to produce useful work.

Utility of Clutch Defined Theory of Friction Clutch Action Types of Clutches Materials Employed in Clutches Clutch Location Typical Motorcycle Clutches Why Change Speed Gearing is Desirable Value of Variable Speed Gearing Variable Speeds by Slipping Clutch Change Speed Gear Location Variable Speed Pulleys Engine Shaft Gear Countershaft Gears Sliding Gear Type Power Transmission Methods Belt Drive Systems Types of Belts Standard Belt Forms Advantages of Drive by Chains Single Chain Direct Drive Double Chain Drive Types of Driving Chains Combination Chain and Belt Drive Bevel and Worm Gear Final Drive Relation of Engine Power to Gear Ratio 285-371

The principal elements of the transmission system of a simple motorcycle are first, a clutching
device that permits of releasing the engine from
the driving medium or applying the power at will,
and second, some system of transmitting the
engine power from the clutch to the rear wheels.
Many of the 1914 motorcycles include still another element, the variable speed gear, in the power
transmission system.

263

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

Utility of Clutch Defined
Practically every motorcycle
produced at the present time is
fitted with a free engine and
clutching device that will permit
of running the engine without
driving the vehicle. In the early
days of motorcycle development,
the drive was direct from the
engine crankshaft to the rear
wheels without any, engine releasing device.
It was necessary to start all
motorcycles by a preliminary
pedaling process which meant
that the entire machine had to
be pushed along briskly regardless of character of road surface
or gradients so the motor would
be turned sufficiently fast to
start. It was not possible to put
the machine on a stand, as is
done at the present time, because the absence of the free
engine device made it imperative
that the machine should acquire
a certain amount of momentum
before the power was applied.
The result was that it required a
very strong person to start a powerful twin-cylinder motor fitted to a
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heavy machine, because, while the
machine might start in ten feet, it
might require vigorous pedaling for
half a city block before the engine
was started. When the engine did
start, it was apt to race or take hold
suddenly because very often the
spark would be well advanced or
the throttle would be opened to
secure easy starting.
The sudden application of power
was not favorable to the power
transmission system and
snapped chains or broken belts
were not an uncommon result
when the power was suddenly
applied in this manner.
When a free engine clutch is
employed, it is possible to place
the machine on a stand and
start the power plant with comparative ease because the only
resistance to overcome is that
offered by the motor itself instead of the rider having to furnish the power to move the
heavy machine along the road.
After the engine is started, it is
possible to release the clutch
and disconnect the power from
the rear wheels. This enables
264

the rider to take the machine off
the stand, keep the engine running, and start off very gradually by utilizing the power of the
motor which is delivered to the
rear wheel in gradually increasing increments if the friction
clutch is let in slowly.
Another advantage of the clutch
is that it permits of ready control under unfavorable riding
conditions such as in traffic,
climbing hills, or overcoming
poor highway surfaces.
Instead of controlling the machine by continually interrupting
the motor action, as was the case
in the old direct drive days, a
twist of the grip on the handle bar
or an easy movement of a conveniently placed lever will release
the clutch, interrupt the drive
and permit the rider to bring his
machine to a stand-still, if necessary, without stopping the motor.
The control of modern machines
is very similar to that of an automobile, and is such an improvement over the old system
that its importance is not apt to
be realized except by those of us
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whose experience dates back far
enough so we can qualify as
veteran motorcyclists.
With the old forms of machines,
when a patch of sand was encountered or a gradient that did
not permit one to “rush” the hill
by putting on full speed before
reaching the bottom and depend
largely on momentum to assist
in overcoming the resistance, it
was necessary to either get off
and push the machine or to
endeavor to assist the engine by
vigorous pedaling.
If perchance, one was unfortunate enough to become stalled
in the middle of a hill, it was
practically impossible to make a
new start without returning to
the bottom and making another
rush to overcome the unfavorable conditions. At the present
time, if an engine tends to slow
down, due to a patch of sand or
other resistance, the rider can
slip the clutch a trifle, enable
the engine to pick up speed so
that it will not stall, and yet
deliver enough power to the rear
wheel to obtain positive drive.
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Theory Friction Clutch Action
Clutch forms that are applied to
motorcycles are invariably of the
friction type, as no progress has
been made in utilizing the various hydraulic, pneumatic, or
magnetic clutches that have
been offered at various times by
over-sanguine inventors.
The friction clutch has proven to
be the most satisfactory, and
has received wide practical application in its various forms.
The important requirement of a
clutch is that it will be capable of
trans-mitting the maximum power
of the motor without any loss due
to slipping when fully engaged. A
clutch should be operated easily
and require but minimum exertion
on the part of the operator.
A clutch should be gradual in action, i.e., when it takes hold, the
engine power should be transmitted to the driving member in a
gradual and uniform manner or the
resulting shock may result in serious injury to some part of the driving mechanism. It is also imperative that a clutch release at once
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when desired, and that there be
no continued rotation of parts,
which insures that the drive will
be interrupted positively when
the clutch is disengaged.
In considering the design of a
clutch, it is very desirable that
this component be located in an
accessible manner, which is a
good feature, as it permits of
easier removal for inspection,
cleaning and repair.
It is imperative that some form
of adjustment be provided so a
certain amount of wear will be
compensated for, without replacing any expensive parts.
A simple design with a minimum number of operating parts
is more to be desired than a
more complicated form which
may have some minor advantages, but which is much more
likely to cause trouble.
To illustrate the transmission of
power by frictional adhesion of
various substances with each
other, one can assume a simple
clutch form consisting of two
metal discs or plates in contact;
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the pressure keeping them together being due to the weight
of one member bearing upon the
other. If the discs are not heavy,
it will be found easy to turn one
upon the other, but if weights
are added to the upper member
a more decided resistance will
be felt which will increase directly as the weight on the top
disc and consequently the total
pressure augments.
It is possible to add enough
weight so it will be difficult to
move one plate without producing a corresponding movement
of the other. If one of these
plates is mounted on an engine
shaft, and the other applied to
the transmission member so
that a certain amount of axial
movement is possible, and the
pressure maintaining contact
was obtained by springs instead
of weights, one would secure a
combination capable of transmitting power, inasmuch as the
spring pressure applied to one
disc would force it against the
other, and one shaft could not
revolve without producing motion of the other.
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Types of Clutches
Three main forms of friction
clutches have been employed in
motorcycles, and these, in the
order of their importance, are
disc, plate, panel and cone designs. The disc clutch is the
most popular because it is a
compact form, and in its simplest design it would consist of a
casing driven by the engine with
a series of discs attached to it,
and another member carrying
another set of discs that was
connected to the driving wheel
by suitable gearing.
The discs attached to the case
are distinct from those carried
by the driven member, and
driving contact is maintained
between the two by steel
springs. It is possible to house a
multiple disc clutch in an oiltight casing, which means that
it is possible to slip this form of
clutch much more than the cone
or band types, which for the
most part operate without lubricant. A large number of small
diameter discs are employed to
transmit the power, and the
266

required contact area is obtained by the use of a number of
comparatively small surfaces,
instead of two larger ones, as is
the case with the cone or band
clutch.
The type of multiple disc clutch
that is the most widely adopted
is shown at Fig, 159, and, while
the form outlined uses discs of
the same material, in some
forms of clutches one set of
discs will be of steel while the
other will be of phosphor
bronze.
The drive from the engine shaft
is taken by a driving member
keyed to it, and one set of plates
is securely fastened to this
member. The remaining plates
are attached to the clutch case
and revolve with it, and the
drive sprocket that goes to the
rear wheel is also secured to the
clutch case.
The pressure to maintain the
plates in frictional contact is
obtained from a series of coil
springs which act against a
pressure plate which, in turn,
bears against the disc assembly.
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The use of oil in this form of
clutch is of advantage because it
not only promotes easy engagement by interposing an elastic
cushion between the metal
plates and thus prevents too
rapid engagement, but it also
reduces depreciation when the
clutch is released or the discs
are slipping by each other because of its value as a lubricant.
Owing to the small diameter of
multiple disc clutches, the inertia
of the driven member or tendency
to rotate when disengaged is less
than in a cone clutch or hand
form of larger diameter.
The spring pressure is usually
sufficient to squeeze the oil from
between the plates as soon as the
clutch is fully engaged, and a
metal to metal contact is then
obtained.
In fact, if the lubricant was
retained between the surfaces,
the clutch would slip, but as it
is gradually forced out, and

Fig 159 - Multiple Disc Clutch for
Shaft for Eclipse Engine
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there is a certain amount of
slipping as long as any of the
lubricant remains, this feature
insures that the power will be
applied in a gradual manner
even if the clutch is carelessly
operated.
The cone clutch in its simplest
form consists of a female member in the form of a saucershaped metal piece, and a male
member, which is a truncated
cone, which fits into it, and a
spring or leverage to maintain
frictional contact between the
surfaces.
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The internal form is generally
used when it is desired to keep
both parts in motion, as for
instance in transmitting power
between the shaft on which the
expanding band is attached to
the drum against the inside
periphery of which it bears. The
constricting band clutches are
generally used in the form of a
brake to restrain the motion of a
planetary gear carrying member
in order that the gears will
transmit power.

Materials Used in Clutches

The male member is usually
faced with some frictional material to secure better driving
power through superior frictional adhesion.

One of the important points in
dutch design is to secure as
much frictional adhesion between the parts as possible. The
transmitting efficiency of a
clutch will vary with the coeffiBand clutches may be of two
cient of friction (which means
forms. The one that is most
the amount of adhesion) under
generally used in connection
pressure and, of course, the
with planetary speed change
more friction between the surgearing consists of a steel band
faces for a given amount of
lined with frictional material
that contracts against a drum or spring pressure the more suitable the clutch will be for transan internal band which is exmitting power.
panded inside of the drum.
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A metal usually forms one frictional surface in all forms of
clutches, and some types, notably
the multiple-disc forms, have all
friction surfaces of metal.
The metallic materials generally
used are cast iron, aluminum
and bronze castings, and sheet
steel and bronze in the form of
thin stamped discs. The nonmetallic frictional materials
often employed are leather,
asbestos fabrics, tex-tile belting
and cork.
Leather is the best lining or
facing for clutches where the
friction area is large and where
the clutch is not apt to be
slipped much. When used, it
must be kept properly lubricated and soft because, if it becomes dry, it will engage very
suddenly and promote harsh
clutch action. Care must be
taken not to supply too much
oil, because the coefficient of
friction will be reduced to a low
point and the surfaces will slip
by each other. Chrome-tanned
leather is generally used because it has good wearing quali-
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ties and, in addition to being a
very resilient material, it possesses a very satis-factory degree of frictional adhesion when
pressed against a cast iron
member. Oak-tanned leather is
also used for clutch facings.
A clutch for motorcycle use
should be faced with asbestos
fabric rather than leather, unless it formed a part of a twospeed gear, which would not
require slipping the clutch to
any extent. These asbestos fabrics, of which raybestos is one of
the best known; are used to
some extent as a facing in multiple disc clutches of the dry plate
type.
Cork is sometimes used in connection with metal surfaces in
the form of inserts which are
compressed into suitable holes
machined to receive them. Cork
has a high coefficient of friction,
and is not materially affected
either by excessive lubrication or
lack of oil. The cork inserts promote gradual engagement and
possess very desirable wearing
qualities.
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Metal to metal surfaces are the
rule in multiple disc or plate
clutches of small diameter
where a multiplicity of surfaces
are depended on for driving, but
when a lesser number of plates
of larger diameter are used, cork
inserts or an asbestos fabric
facing are invariably provided on
one set of plates.

Clutch Location
There are three points in a motorcycle where it is possible to apply
a friction clutch, these being on
the engine crankshaft, on a countershaft, or in the rear wheel. The
faster the parts of a clutch turn,
the smaller in diameter they can
be to transmit the same amount
of power, and for this reason the
engine shaft is favored by a number of makers.
Sometimes the clutch is attached
directly to the crankshaft extension,
to which the sprocket would normally be fastened in a direct or
countershaft drive construction,
and at the present time the engine
shaft location is growing in favor.
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The most general location,
which may be considered typical
of standard practice, is at the
crank hanger, which involves
the use of a larger clutch on
account of the lessened speed of
that member.
If the clutch is housed in the
rear hub it must be even larger,
i.e., it must have a greater number of discs if it uses the same
spring pressure as either an
engine shaft or countershaft
clutch or it must employ higher
spring pressure if it uses the
same number of discs as would
ordinarily be used in either of
the other locations.
It is contended by those who
favor the rear wheel location,
that while the clutch parts must
be larger, they are also more
substantial and stronger, and
owing to the reduction in speed
the surfaces are not apt to wear
as rapidly when they slip by
each other with the clutch partially released as would be the
case in an engine-shaft clutch
or even the countershaft type.
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The latter form is a compromise
between the two extremes, the
engine-shaft clutch on one hand
and rear hub form on the other.

Typical Motorcycle Clutches
The multiple disc clutch shown at
Fig. 159 is the engine-shaft type,
and is very compact as well as
effective. When the springs are
compressed to release the clutch
by drawing the pressure plate
away from the disc assembly; the
outer casing which carries the
driving sprocket revolves on a
double row ball bearing, the inner
race of which is formed by the
driving member attached to the
engine shaft.
To release the clutch, a suitable
lever, provided with an internal
spiral thread, is rocked on a
fixed member which has an
external spiral thread. This fixed
member communicates with the
pressure plate through the medium of a ball thrust bearing,
and as the clutch release lever

Fig. 161 - Eclipse Countershaft Free
Engine Clutch
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is moved, the spiral thread or
worm produces a lateral displacement of the pressure plate.
Another form of engine-shaft
clutch is shown at Fig. 160. In
this, the clutch is applied by a
series of bell cranks which are
provided at one end with an adjustable pressure screw bearing
against the pressure plate of the
disc assembly, and a bearing
portion at the other end which
works against a movable cone
member that applies the clutch
by spreading out the bell cranks
and squeezing the driven and
driving disc assemblies together.
The Eclipse countershaft clutch
shown at Fig. 161 has been
widely specified, and is the
same in general construction
and principle of operation as the
form shown at Fig. 159, except
that the drive from on part, of
the discs instead of utilizing
the metal-to-metal contact.

Fig. 162 - Indian Motorcycle Type
Countershaft Multiple Disc Clutch
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This view is valuable also, in showing the
method of application of a countershaft
clutch assembly in a carrier member adapted to fit the crank hanger box of the frame.
The method of releasing this clutch is similar to that employed in the other forms as it
involves a movable worm operating in a
fixed, internally threaded member.
The angle of the threads on the worm is such
that as it is rocked in the nut it advances and
pushes against a rod passing through the
center of the countershaft and securely attached to the pressure plate which forms the
outer member of the clutch case.
The pressure plate is normally kept in contact with the clutch disc assembly by small
coil springs which exert their pressure
against cups carried by the pressure plate.
The springs are compressed to a suitable
degree by adjustable nuts carried on bolts
that hold the inner and outer clutch members together and which tend to clamp the
disc assembly between them. The large
sprocket is driven by the engine, while the
small one is employed to drive the rear wheel.
The cone clutch used on the Reading-Standard motorcycle is outlined at Fig. 163. As all
important parts are clearly depicted, the
reader should have no difficulty in following
the method of operation. In this clutch the
spring is a releasing member and not an

Fig 163 - Reading-Standard Cone Clutch
273

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

5. POWER TRANSMISSION

274

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
actuating member, as is true of the
forms previously described. The
clutch assembly is niouutecl on a
spindle which is securely attached
to a plate or anchorage member
fastened to the engine base.
The drive from the crankshaft to
the male clutch member is through
a spur pinion attached to the
crankshaft which meshes with a
larger internal gear member that
drives the male clutch casting. The
female clutch member carries the
drive sprocket that is connected to
the rear wheel by a suitable chain,
and in some models it drives a Vbelt pulley.
Contrary to the usual cone clutch
practice, the male clutch member
does not move axially because it is
held positively in place on the
clutch spindle by two cup and cone
bearings that prevent any end-wise
movement. To apply the clutch, the
female clutch member is moved
axially by a face cam arrangement.
The oscillating face cam member,
which has a series of inclined
planes on its surface, is attached to
a shaft that is moved by the clutch
applying lever.
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A sliding face cam member that
cannot rotate because it fits a
squared portion of the clutch spindle is moved against the ball thrust
bearing and presses the female
clutch member firmly against the
male clutch member as the pressure-applying lever oscillates the
movable face cam member.
When the clutch-applying lever is
moved in a direction opposite to
that necessary to apply the clutch,
the face cam members separate
and the clutch release spring pushes the female clutch member,
which is movable, away from the
male clutch member that is mounted on bearings that permit only a
rotary movement.
It is advanced by those who favor
this form of clutch construction
that much more gradual application is possible as the pressure is at
the control of the rider than if obtained by means of the usual
spring.
It is claimed that should conditions
demand it sufficient pressure may
be exerted to lock the two portions
of the clutch together into practical275

ly a single unit, whereas springs
sometimes become weakened, and
as the driving pressure is not positively maintained there is no way of
remedying the slipping due to
weakened springs except by replacing them or making a suitable
adjustment of the pressure plate so
the springs are compressed more
tightly. The male clutch member is
faced with frictional material in
order to secure greater adhesion
between the driven and driving
members.
An example of a free engine clutch
of the multiple disc type installed in
the rear hub is shown at Fig. 164.
This hub is used on Rex motorcycles which are of English manufacture. The driving member forms an
inner hub that is independent of
the outer hub shell except for the
driving connection that exists when
the discs are pressed together.
The flanged driving member B is
attached to the driving pulley by
suitable spokes and revolves on
ball bearings P. The outer hub
shell, which carries one set of
discs is mounted on bearings N.
When the clutch assembly K is
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pressed together by the springs
J, the main hub A and the driving member B are securely
locked together and ball bearings N do not revolve.
When the internally threaded
member L is moved on the ex-
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ternally threaded member or
worm F, it exerts pressure
against the transfer rod G passing through one end of the axle
R and pushes against a Ball
thrust bearing H which compresses the springs J by moving
the pressure plate away from
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the disc assembly.
When the discs are free, outer
hub A can turn on ball bearings
N independently of the member
B, which continues to revolve as
long as the engine is in motion.
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Why Change Speed
Gearing Is Desirable.
While the introduction of the
friction clutch was a great step
in advance, and made for rapid
development of the motorcycle
industry because it made it
possible for people to operate
motorcycles who would find it
extremely difficult to manipulate
the old directly connected types,
still there is something lacking
in a machine that is equipped
only with a free engine clutch.
We have previously considered
the effect of the varying conditions upon the power needed to
propel a motorcycle, and the
writer has endeavored to make
clear the relation the gear ratio
must bear to the resistance.
Under favorable conditions of
operation, when there is no
undue influence to retard the
progress of the machine, it is
possible to drive the motorcycle
without the expenditure of the
entire energy the power plant is
capable of. This makes high
speeds possible and enables the
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engine to turn over at a number
of revolutions that will permit it
to exert the power necessary or
even an actual surplus of energy. In a direct connected machine, as the resistance to motion increases, the tendency of
the power plant is to slow down,
which means that the power
output is diminishing at a time
that more is needed.
If, therefore, some form of auxiliary gearing is provided that will
permit the engine to run at its
maximum speed and yet reduce
the rear wheel and vehicle speed
proportionate to the resistance
encountered, it will be possible
for the engine to exert its full
power at those times when the
full capacity is needed, and,
what is more important, the
interposition of positive reduction gearing means that the
power will be transmitted to the
traction member where it can do
useful work instead of being
dissipated by heating the friction members of a slipping
clutch.
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Value of Variable Speed Gears
If a two-speed or other variable
gear did not permit of any other
advantages besides enabling
one to surmount gradients
steeper than could be taken
with a single-geared machine,
this alone would justify its existence and make it profitable to
install them in the modern motorcycles.
When one considers that they
permit of easy starting under
any road condition or on any
grade, and that they also make
possible increased safety and
superior control of the motorcycle in traffic, it will be understood why the general demand
of the discriminating rider is for
two-speed gears or equivalent
devices.
A two-speed gear makes it possible to provide a smaller power
plant without reducing the actual ability of the motorcycle in
the least. It will climb any grade
a single-geared motorcycle of
greater capacity would surmount, and would be able to
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overcome many gradients and
unfavorable road surfaces that
the larger and more powerful
machine could not be operated
on. It provides positive control
in traffic, a smooth running,
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and lack of vibration under all
conditions that obviously could
not be obtained with an engine
having a larger piston displacement and proportionately greater force to the explosions.
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The small engine will also provide a satisfactory speed on the
level, because on the direct
drive or high gear the ratio may
be sufficiently high to permit of
high speed, owing to the provi-
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sion of the reduction gearing to
permit use of the lower ratio at
such times as the resistance
becomes too great to be overcome by the direct drive. The
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reduction of power plant capacity made possible by the twospeed gear will promote several
other improvements in motorcycle design that will appeal to
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many of conservative temperament. The most important of
these is undoubtedly the reduced cost, both in initial expense and maintenance of the
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lighter machine. If the power
plant capacity can be reduced,
then the weight of the motorcycle may be lessened, owing to
the materially diminished
stresses on the frame, power
transmission and supporting
members. It costs less to drive a
lighter machine, there is less
depreciation and wear and tear
if vibration is reduced. Smaller
tires, less gasoline and oil consumption, greater comfort, and
improved control are all desirable factors that will increase
the pleasure of motorcycling,
and augment the ranks of motorcyclists, and thus directly
benefit the entire industry.

Variable Speed by Slipping
Clutch
Many motorcyclists are under
the impression that the friction
clutch in its various forms will
permit of sufficient variation in
the gear ratio to provide a margin of reserve power for hill
climbing not obtained with a
rigid drive machine.
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The free engine clutch is a very
desirable improvement in motorcycles and has many advantages, inasmuch as it will permit
the motorcycle to be started
from a standstill, and enables
the rider to stop his machine in
traffic without stopping the
power plant. It also provides for
superior control in traffic, but is
not an effective substitute for a
variable speed gear of the positive type.
As any reduction in rear wheel
speed, relative to that of the
power plant, can only be obtained by slipping the clutch, it
is obvious that the power lost in
slippage between the friction
surfaces can serve no useful
purpose at the contact point of
rear wheel and ground, and, in
fact, if enough power is allowed
to waste in this manner, sufficient heat may be generated by
friction to seriously injure the
mechanism comprising the
clutch. As it is the rear wheel
horsepower that counts in
climbing hills or in pulling
through sand, the variation in
280

ratio between the engine shaft
revolutions and rear wheel
speed obtained by slipping the
clutch does not increase the
torque or pull at the rear wheel
to any extent, and therefore is
ineffective.
Consider a case where we have
a motor capable of delivering 12
horsepower at 2,500 revolutions
per minute. Almost any of our
modern twin engines with a
nominal rating of 8 to 10 horsepower can produce this energy.
Assume that our gear ratio is 4
to 1, this means that with the
clutch locked in positive engagement, that the rear wheel will be
driven at 625 revolutions per
minute, and that the rear wheel
pull or effective power is equal
to the capacity of the power
plant minus the loss in transmission.
If we assume 20 per cent. loss
in t:ransmission, we have an
effective torque such as produced by 9.5 horsepower, and
our rear wheel is revolving at.
625 revolutions per minute.
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Suppose we have a two-speed
gear that will reduce the rear
wheel speed to half that obtaining on the high or direct drive. If
our engine runs at 2,500 revolutions per minute and our rear
wheel turns at 312.5 revolutions
per minute, we have practically
the same effective torque as at.
the higher rear wheel speed,
which obviously could not be
used in climbing gradients because the increased resistance
and the decrease in vehicle
speed must be proportionate, if
only the same amount of power
is available at the motor.
Of course, there would he a
further loss due to the gearing.
which would be compensated
for by the lessened wind resistance due to the lower motorcycle speed. It will be evident that
the introduction of a speedreducing gear cannot increase
the effective horse-power of the
motor except that it permits the
power plant to attain the same
speed as with the higher ratio,
whereas the motorcycle speed is
reduced because the ratio of
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drive between rear wheel and
engine is now actually 1 to 8.
Consider the result obtained by a
slipping clutch in comparison
with that secured by the interposition of intermediate speedreduction gearing. The resistance
to motion is such that the rear
wheel cannot turn any faster than
312.5 revolutions per minute,
and yet the horse-power required
is just as great as though the rear
wheel was turning at 625 revolutions per minute.
The clutch is slipped sufficiently
so the engine can run at its
maximum speed of 2,500 revolutions per minute. The gear
ratio between the clutch and
rear wheel remains the same
regardless of how much the
clutch is slipped or 4 to 1.
Therefore, in order to get, a rear
wheel speed of 312.5 revolutions, the clutch-driven members must turn at 1,250 revolutions.
The difference between that
speed and that of the plates
driven by the engine assuming
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that the clutch is mounted on
the engine shaft is 1,250 revolutions per minute, which means
that the clutch is slipping sufficiently to permit of the loss or
actual waste of 50 per cent of
the power of the motor.
The effective power output cannot be based on the number of
engine revolutions but upon the
revolutions per minute of the
member driving the wheel. If the
engine is delivering 12 horsepower to its crankshaft, but half
that or 6 horsepower is being
taken by the drive sprocket
attached to the clutch member
turning at 1,250 revolutions per
minute. The actual torque or
horsepower available at the rear
wheel must be based on the
lower figure less the losses in
transmission. Therefore, under
conditions where the entire
power capacity of the machine is
needed to overcome resistance
to motion, no form of slipping
clutch can be effective because
the diminution in rear wheel
speed can only be obtained by
wasting power represented by
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the revolutions of the engine lost
in slip between the clutch members. At the other hand, the
intermediate reduction gearing
of the two-speed gear transmits
power rather than losing it because it is positive and not flexible, and, while no gearing will
work without friction, the loss of
energy through this added resistance is not to be compared with
that wasted through clutch slip.
While a friction clutch will provide
variation of speed between rear
wheel and engine shaft, it does this
only at the expense of lost power,
and a friction clutch is only effective
for maximum power transmission
when the clutch members are
locked together and when clutch
slipping is at a minimum. A reduction gearing reduces the speed
without slip or loss other than that
produced by the friction of gears
and their bearings. Any claims
where the friction clutch is given
the same value as the reduction
gear for obtaining varying effective
reduced speed ratios are absurd.
The ideal combination is that of the
reduction gearing and friction
clutch, because with the two, we
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are able to obtain all the good features desired. We can slip the
clutch on the level to slow up the
machine, yet, when a hill or poor
road confronts us, the reduction
gearing may be brought in action to
transmit power positively.

Change-Speed Gear
Location
As most forms of change-speed
gearing are combined with a
clutch, the usual method of
location is the same as that
which obtains with the friction
clutches previously described.
The simpler forms such as variable speed pulleys and some
forms of planetary gearing are
usually attached to the engine
crankshaft.
The most common location is at
the crank-hanger where the
change-speed gearing takes the
place usually occupied by the
simpler friction clutch. In some
cases, the change-speed gear is
incorporated as a unit with the
power plant, though in most
machines it is a separate mech282

anism distinct from the engine.
When change-speed gearing is
employed, it is possible to dispense with the usual pedal
starting gear, though it must be
replaced by some equivalent
device such as a kick starter or
hand crank such as used on
automobiles.
The Indian motorcycle is made in
one model “de luxe” with an electric self-starter very similar in
action to those employed in automobiles. When the pedaling gear
is eliminated, the control of the
motorcycle is the same as that of
an automobile, as the drive is
interrupted by shifting a clutch
instead of by raising the exhaust
valves or interrupting the ignition
as was formerly the practice with
direct drive single-gear machines.
The application of a kick starter
to a modern two-speed motorcycle is clearly shown at Fig. 155,
and in this construction the
change-speed gearing replaces
the usual crank-hanger. In the
machine shown at Fig. 166, the
variable speed gearing is used in
connection with the pedal-start-
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ing lever, and is mounted as a
countershaft, replacing the conventional friction clutch assembly
widely used at that point.
In the Harley-Davidson motorcycle, shown at Fig. 167, the twospeed gearing is incorporated in
the rear hub instead of being
attached to either the crankhanger or the engine shaft.
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Variable Speed Pulleys
The simplest form of variable
speed gear which involves the
use of belt drive is the expanding V-pulley. A simple form in
which the variation is obtained
only when the pulley is adjusted
by the rider is shown at Fig.

The same reasons that are given
for friction clutch location apply
just as well as the two-speed
gear, and the slower the parts
turn the larger and more substantial they must be to transmit the same amount of power.
All engine shaft gear can have
much smaller parts than a rear
hub type, but, as is true of friction clutch design, a compromise
between these two extremes is
favored by most designers, and
the speed gearing is installed at
the crank-hanger in the form of
countershaft where the speed of
rotation is about half that of the
engine shaft, and in some ca ges
nearly twice as much as the rear
wheel velocity.
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168. In this, a fixed flange is
attached to a hub that is provided with one large thread to receive the adjustable flange, and
with a thread of smaller diameter to fit the locking member.
The main portion is secured to
the engine crank-shaft. When
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the pulley is assembled, the
nearer the flanges are together
the higher the gear ratio, because the belt is forced to drive
at the top of the flanges.
As the flanges are spread apart,
the belt can drop lower, and as
it fits a portion of the pulley of
lesser diameter, the ratio of
drive will, of course, be lower
than when it is at the top design
is shown at Fig. 170.
A pulley control roll is mounted at
the lower portion of a control
handle, the upper end of which
works in a sector attached to the
frame. The function of the roll is
to force the movable flange of the
pulley outward when it is desired
to obtain the lower ratio, and to
spread the flanges so far apart
that the belt will ride on a free,
ball bearing supported ring at the
bottom of the pulley when a free
engine is desired.
A variable pulley with which a
friction clutch is included is
shown at Fig. 171. This is a
Rudge-Whitworth design and is
said to give very satisfactory
results.

Fig 169 - Auto-Varia Pulley for V Belts
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The action is the same as that of
the simpler forms, means being
provided for actuating the clutch
that are independent of those
available for varying the position
of the movable pulley flange.
With the driving bolt in the position shown the flanges are
spread apart as far as they will
go, and the lowest ratio of drive
is obtained.
This device is rather more complicated than some of the simpler forms that are said to give
fully as good results in practice.

Engine Shaft Gear
A two-speed and free engine planetary gear of English design, and
sold under the trade name of “Fits
all,” is shown at Fig. 172. While the
arrangement is such that the drive
is by means of V-belt, it is possible
to replace the belt pulley with a
sprocket., and obtain chain drive.
The action of this gear is simple,
and, if thoroughly understood, it
will serve to make clear the principles underlying speed reduction by
all forms of planetary gear sets.
285

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

5. POWER TRANSMISSION

A main driving member that
carries the assembly is securely
keyed to the engine shaft A and
is held firmly in place by a
threaded shaft extension that
forms an auxiliary support for
the gear assembly.
When the parts are in the position shown in the sketch, the
engine may turn without driving
the rear wheel because the main
driving gear will rotate the planetary reduction gears L around
on the bearing stud on which
they rotate without producing
any movement of the pulley I.
If the friction band G is clamped
around the drum H to keep it
from turning, while the planetary pinion assembly L will turn
on the stud, the pinion carrier H
cannot rotate and the planetary
pinions therefore serve as an
intermediate gearing connecting
the main drive gear with the
pulley drive gear B. The main
drive gear is about the same
size as the larger gear of the
planetary pinion assembly and
therefore turns it at about the
same speed.

Fig 171 - Variable Pulley & Free
Engine Clutch on Rudge-Multi MC
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The small gear of the planetary
pinion assembly is smaller than
the driving gear B with which it
meshes so a reduction in speed
is possible between the Lelt
pulley I and the engine shaft .A
due to the difference in size
between gears B and the small
member of the assembly L.
While but one spur pinion assembly is shown, most planetary
gears use two or more sets
spaced equally around the casing
H in order to equalize the driving
strain and prevent wear on the
bearings that would be unavoidable if but, one set of intermediate pinions was employed.
When it is desired to obtain the
direct drive, the brake band G is
released and the high speed
clutch plate F is firmly pressed
against the side of the drum H
by a face cam and ball thrust
arrangement, controlled by the
rider, and the entire assembly is
thus locked together as a unit,
so the drive is direct from engine shaft A to the drive pulley I.

Fig 172 - Planetary 2-Speed Gear
for Application to a Engine Shaft
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Countershaft Gears
Countershaft gears are made in
infinite variety, and they may
form part of the power plant
unit or be attached to the
crank-hanger. The views of the
De-Luxe motor at Figs. 173 and
174 show clearly the external
appearance of a two-speed gear
of the countershaft type when it
forms part of the power plant.
This makes it possible to utilize
the regular pedal-starting gear,
if desirable, as the changespeed gearing is placed forward
of the crank-hanger and is independent of it.
Where the change-speed gearing
is not a part of the engine case
and must he supported from the
crank-hanger, it is sometimes
impossible to utilize the pedal
gear for starting the engine, so
an auxiliary starting-crank arrangement, such as shown at
Fig. 175, must be used to turn
the engine crankshaft over and
start the motor.
The arrangement may be easily
understood from the illustration.
288
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The view at A shows the starting
crank in place with the jaw
clutch making a suitable connection between the startinghandle shaft and the main gear
shaft, as soon as the engine
starts the handle is auto matically released, and a coil spring
will force the starting clutch out
of engagement so that the member to which the starting crank
is attached does not rotate except when it is pressed into
engagement with the clutch
member by suitable end pressure on the starting handle.
The arrangement of the clutch
and change speed gearing in
the Michaelson unit power plant
is outlined at Fig. 176.
In this, the multiple disc clutch
of the usual pattern is attached
to an extension of the engine
crankshaft, and drives an intermediate gear assembly consisting of two gears, one larger
than the other, which in turn
transmit the crankshaft motion
to a suitable spur gear on the
main driving shaft of the twospeed gearing.
289
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The arrangement of the gears in
this variable speed member is
practically the same as those
shown at Fig. 179. A shifting
clutch member clutches either
of the gears to the sprocketdrive shaft.
The use of the intermediate gear
member provides for a firstspeed reduction gear completely
enclosed and running in oil.
This power-transmitting element
takes the place of the usual
short chain that joins the engine
crankshaft to the conventional
countershaft gear arrangement
such as outlined at Fig. 178.
The engine is started by a small
sprocket member that drives a
suitably formed clutching member at one side of the gear case
and which engages the main
shaft of the change-speed gearing. This position is preferable
to a direct application to the
engine crankshaft because the
engine is started through the
intermediate gears, which insures that the crankshaft B can
be maintained at a higher rate
than would be possible by direct

application of the starting handle, owing to the geared-up
drive between the starting
means and the crankshaft. In
order to start the average motorcycle power plant promptly, it is
necessary to rotate it at a fairly
high rate of speed.
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This was always an important
advantage in connection with
the usual pedal-starting gear,
because the rear wheel could be
turned over fast enough by the
feet to revolve the engine crankshaft at a higher rate of speed
than is possible with most kick
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starters or equivalent devices.
There are conditions where it is
important to turn the engine
over fast to secure prompt starting, such as in cold weather
when the gasoline does not
vaporize readily. The application
of the geared-up starting crank
gives practically the same rotative speed as would be obtained
through the conventional pedalgear arrangement.
The Minneapolis power plant
which is shown at Fig. 177 is
similar in general arrangement
to the Michaelson, but employs
a distinctive means of speed
changing. The transmission is of
the planetary type using positive
clutches for both high and low
speed which, of course, is made
possible by utilizing a master
clutch on the engine crankshaft.
A jaw clutch member is adapted
to slide on a bushing surrounding the main shaft, and this may
be engaged either with the number carrying the planetary re-

Fig. 176 - Change Speed Gear in
Michaelson Unit Power Plant
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duction or it. can be moved over
to push a clutch member in
engagement with the driving
gear of the transmission shaft.
When in the position indicated,
the gear that drives the transmission shaft is clutched to that
member if the jaw clutch is
rlliIvell to the other extreme, a
series of projections extending
from the face of the clutch
shifter engage suitable depressions in the planetary gearcarrying plate, and keep that
member from rotating because
the jaw clutch shifter is securely
anchored to a through bolt,
extending from one side of the
gear case to the other, which
keeps it from rotation.
When used in connection with
planetary gearing, it takes the
place of the usual band clutch,
and the drive is then to the
member carrying the driven
spur gear inside of the case, and
threaded on the outside to receive the driving sprocket.

Fig 177 - Views of a Minneapolis
Unit Power Plant and Gear Set
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With this construction, it is imperative that the master clutch be
released before either the high or
low speed is engaged.
The usual installation of a countershaft gear of the shifting jaw
clutch type is shown at Fig. 178.
At the bottom or plan view, the
relation of the gear to the engine
base, and the method of driving
from the engine crankshaft, is
clearly shown. A compensating
clutch at the engine crankslaft is
utilized to prevent depreciation of
the chain through unsteady power application and from the
sprocket mounted on that member, the drive is by chain to the
sprocket attached to the main
clutch member that forms part of
the countershaft gear.
The drive to the rear wheel is
from the smaller sprocket on the
counter-shaft to a suitable
member on the rear hub. The
method of shifting the speed is
also depicted, the jaw clutch
controlling the two speeds is

Fig 178 - Installing Jardine (English)
Countershaft Type 2-Speed Gear
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operated from a small lever attached to the top frame tube
which works on a notched quadrant providing three stops for the
lever. The center one is in neutral
position, and at such times as the
small lever stands vertically, the
shifting clutch in the transmission interior is at a point between
the two engaged positions.
Moving the lever to one extreme or
the other will engage the high or
low speed respectively. The clutch
is shifted by a foot pedal attached
to the bottom of the bracket supporting the power plant.
The interior arrangement of the
Indian two-speed gear, which is
representative and the original of
all the shifting clutch forms, is
shown at Fig. 179. A friction
clutch of the regulation Indian
pattern serves as a master clutch,
and the drive from the engine is
directly to a large driven sprocket
attached to the clutch casing.
A driven shaft passes through
the center of a hollow quill or
bushing, at one end of which
the drive sprocket that transmits the power to the rear
294
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wheels is secured, while at the
inside a spur gear is mounted.
The jaw clutch is keyed to this
shaft which is supported at its
other end by a ball bearing. This
shaft is also hollow, and the
clutch release rod passes
through the center of it. The jaw
clutch member is adapted to be
shifted from its central position
to either the right or left to engage suitable teeth projecting
from the face of the two gears.
The gear that is attached to the
bushing carrying the sprocket
meshes with a smaller member
carried on a countershaft to one
side of the main shaft.
A larger gear on the countershaft meshes with a smaller
member that is normally free to
revolve on the main shaft, and
which is independent of it at all
times except when the jaw
clutch is moved over to engage
with the teeth on its face.
With the jaw clutch in the position shown, even If the master
clutch is engaged, the rear
wheel will not turn because the

sleeve carrying the drive sprocket does not rotate. To obtain the
low speed ratio, the jaw clutch
is moved to the right, to make
fast to the shaft the smaller of
the gears mounted on that
295

member. The drive is then from
the clutch to the small gear,
which, in turn, drives the large
gear on the countershaft at a
lower rate of speed.
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The other gear member on the
countershaft is smaller than the
sprocket drive gear, and a further reduction of speed is possible between these two.
The driving sprocket is turning
in the same direction as the
main shaft, but at a lower rate
of speed on account of the reduction gears inter-posed between the sprocket and the
clutch-driven shaft.
To obtain the high-speed ratio,
the jaw clutch is moved to the
left, and makes the sprocketdrive gear fast to the main shaft.
This means that the driving
sprocket would turn at the same
speed as the main shaft to
It is necessary to release the
which the clutch is attached.
master clutch at all times that the
jaw clutch member is shifted,
The master clutch is shifted by
because if the positive clutch is
a releasing worm that exerts
moved with the friction clutch
pressure against a rod passing
engaged it will start the motorcythrough the center of the main
shaft, and attached to the outer- cle so suddenly that the parts of
the transmission system niay be
most clutch plate. When this
stressed to the breaking point.
plate is moved to the left, the
clutch springs are compressed,
Another form of countershaft
and the driving pressure bevariable speed gear is shown at
tween the plates is interrupted.
Fig. 180. This differs from the
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type previously described, in
that it is a sliding gear form and
provides three forward speeds
instead of two as is common
practice. The power from the
engine is delivered to the clutch
case by the sprocket A, and the
inner member of the clutch is
attached to and drives the main
shaft B of the transmission.
A sliding gear D is mounted on
the main shaft, and is provided
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with clutch projections E on
both sides. When the member D
is moved to the extreme right of
the gear case, the projecting
teeth E clutch corresponding
members on the small spur gear
G, thus locking the gear G to
the main shaft.
The gear G is considerably
smaller than the gear L mounted on the counteshaft H, and
turns that member at a lower
rate of speed. The driving
sprocket M is attached to a
bushing to which the sprocketdriving gear is securely fastened. The constant mesh gear
on the countershaft H that
meshes with the gear F is smaller than that member, and thus
a further reduction in speed is
obtained.
The driving sprocket M turns at
a considerably lower speed than
the main driving shaft B, owing
to the two reductions obtained,
one between the gears G and L,
and the other between the small
constant mesh gear on the
countershaft and the sprocket
gear F.
297
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If the sliding member B is engaged
with the member K on the countershaft there is but one reduction in
speed, and that is between the
constant mesh gears. because the
gears D and K are practically the
same size. This is an intermediate
ratio that is not as slow as the low
speed, and yet is slower than the
direct drive. If the sliding member
D is moved to the extreme left, the
clutch teeth E-1 will engage suitable members projecting from the
gear F, and will lock the sprocket
chive gear directly to the main shaft
and obtain a direct drive. With this
form of transmission, it is even
more important to release the master clutch before speed changes are
effected than it is with the sliding
clutch forms in which the gear
teeth are always in mesh.
If the sliding member D is moved
into mesh with the gear K, with the
clutch engaged, it will be apt to
produce serious damage to the
teeth of the two gears, because it is
almost impossible to mesh spur
gears when both are in motion. A
kick starting gear is incorporated
with this gear-set.
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The pedal crank P which is adapted Rear Hub Gears
to be pushed by the foot of the rider
Several forms of rear hub gears
is clutched to the gear N which
meshes with a much smaller gear 0 have been applied, and these
are practically all of the planeattached to the main shaft B.
tary type. That shown at Fig.
Even if the pedal P is only moved
181a, in cross section, and at
through a small portion of a revolu- Fig. 182, in partial disassembly,
tion, the engine shaft will be turned is used on the Thiem motorcyseveral times on account of the
cle, which is an American degearing of the starter as well as the
sign. The gear itself is patterned
step-up between the large sprocket very closely after a popular EnA on the clutch and the smaller
glish two-speed hub.
member on the engine shaft.
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The method of obtaining the low
speed by the use of planetary
reduction gears is practically the
same as that employed in the
engine shaft gear shown at Fig.

5. POWER TRANSMISSION

172. A suitably brake band
clutches a drum securely fastened to the axle, and one of the
main gears of the planetary
reduction is also keyed to the
299

axle. The other sun gear, as the
central main member is called,
is attached to the hub member
proper. The drive from the motor is by V-belt to a pulley rim

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

5. POWER TRANSMISSION

laced to the drum carrying the
planetary reduction gears by the
conventional wire spokes.

and that it will revolve backward when in the neutral or
free engine position.

When it is desired to apply the
low speed, the brake band that
works on the outer drum is
constricted and holds that drum
and the axle to which it is fastened stationary. The planetary
pinions are free to revolve on
their retain-ing studs and drive
the hub shell because they must
turn it in the same direction,
though at a slower rate of speed,
than the pulley rim travels on
account of being forced to roll
around the spur gear keyed to
the axle.

The inner brake band serves as
a running brake, and will retard the hub positively whether
the gearing is in use or not.

To obtain a high speed, an
expanding band clutch is engaged by leverage actuated by
a shifting cone, and the entire
hub assembly is locked to, and
must turn with the axle. The
principle of this gear may be
more easily grasped if one remembers that the axle travels
forward with the road wheel
when in high speed or direct
drive position; that it is held
stationary when in low speed

A distinctive form of reduction
gear mounted in the rear hub is
that, used in connection with
the Harley-Davidson motorcycle.
The gearing is of the bevel form
and operates on the planetary
principle. A shifting dog clutch
is employed in addition to the
master clutch which is of the
friction type.
When moved in one position,
the master clutch drives the
hub directly, and when it is
pushed to the other position it
drives the hub through the medium of the bevel-speed reduction gear. The complete device is
not shown in the illustration
(Fig. 181), as a clutch assembly
and a friction brake must be
added to the simple hub shown
to complete the mechanism.
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Forms of hub gears working on
the planetary principle have
been evolved abroad which provide three forward speeds, but
these are, so complicated that
they have received practically no
application in America.
There seems to be no good reason for. the use of three-speed
gears unless the motorcycle
power plant lacks capacity, and,
as the best, American practice
seems to be to provide a twospeed gear more for emergency
use and to use power plants
that will have sufficient power to
overcome practically all normal
resistance on the direct drive or
high gear, the low gear is to be
used only for starting, in hill
climbing or in negotiating unfavorable highway surfaces. Practically all of the time the motorcycle is in use it may be operated on the direct drive or high
speed. Fitting an intermediate
ratio between the high and the
low is not necessary when the
power plant is of suitable proportions, though it might he of
some value if the machine was
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under-powered, and the direct
drive could only be used under
exceptionally favorable operating conditions.
The Sturmey-Archer is a typical
example of a three-speed hub,
and it is said that the lowest gear
ratio is to be used only when
ex-tremely high resistance must
be overcome. The internal construction can be clearly understood by referring to Fig. 182a.
When on the high gear, all parts
of the hub are locked together
solidly as the hub shell is driven
directly from the driving member. On the second or intermediate gear, the drive is obtained
from an internal gear member
which rolls planetary pinions
around a stationary central gear
integral with the axle. The reduced motion of the planetary
pinions is transmitted to the
wheel hub by a driving member
that clutches extensions from
the friction clutch carrier.
When the lowest gear of all is
brought into action, the drive is
through still another set of pinions
and a further reduction in speed is

5. POWER TRANSMISSION
effected. The direct drive is obtained
by a plate clutch in the hub interior. It is said that a reduction of 47
per cent. in speed is obtained on
the intermediate speed, and that a
further reduction of 40 per cent. is
secured on the low speed.
The various speed changes are
effected by moving a laterally shiftable member to the right or left,
and the lowest speed ratio is obtained as the member is moved to
the right. When on the high gear,
the cup-shape driven member
engages projections which are on
the rim of the circular or internal
gear member driven by the belt
pulley. This means that the high
gear is direct from the drive pulley
carrier to the plate clutch.
When the intermediate .speed is
desired, the sliding member engages with the internal gear carrying
the first set of planet-ary pinions,
and this internal gear meshes with
and drives the second train of planetary pinions. On the lowest speed,
the driven member engages with
the carrier of the second set of
planetary pinions.
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Three Chain Systems
A form of two-speed gear that has
been used with some degree of
success on European motorcycles
is that shown at Fig. 183, in
which a double sprocket is attached to the engine crankshaft,
and two chains extend to the
sprockets on the counter-shaft.
Each of these sprockets may
revolve independently of the
other or both may revolve free of
the smaller driving sprocket
used for driving the rear wheels.
It is said that an advantage of
this type of gear is that both
speeds are direct and the friction and power loss due to the
use of gear pinions is not
present.
It is also advanced that this
system is extremely quiet in
action, and that the clutches,
which are of the internal expanding type may be used to
give a free engine on either gear
ratio.
The original form is undoubtedly
the Phelon & Moore, which is
shown at Fig. 183. The low-gear
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sprocket, which is the largest, is
the outside member, while the
high-gear sprocket, which is the
smaller of the two large ones, is
the inside member.
The clutch members act as
bearings on which the sprockets
revolve when the gear is in neutral position, but when expanded the shoes grip the interior of
the drum carrying the sprockets
very tightly and transmit the
power to the small sprocket to
which the brake shoes are fastened.
The internal clutches are
brought into engagement by
sliding a wedged-shaped member to the right or left as the
case may be, and spreading out
the brake shoes. In the form
shown at Fig. 183, if the wedge
bar is moved to the right, the
brake shoe that clutches the
high speed sprocket will be
expanded, and the drive will be
from the engine shaft to the
countershaft through that member, while the low gear or larger
sprocket will revolve freely on
the brake shoes that are not

expanded and which therefore
act w a bearing for that member. If the wedge bar is moved to
the left, the outside sprocket,
will be clutched to the driving
member, and the smaller or
high-gear sprocket will revolve
freely on its brake shoes.
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It would seem that there would
be considerable wear due to tim
movement of the sprocket carrier over the brake shoes, hut the
successful use of this form of
change-speed gear for a nuljlier
of years indicates the large surface of the bearing and the pro-
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visions made for lubricating
them are adequate to prevent
untimely depreciation.
The two-speed gear used oil the
Enfield (English) motorcycle is of
the same pattern and is clearly
outlined at Fig. 184. Either gear
ratio may be brought. in action
by expanding the hardened steel
bands A into one of the drums
B, also of hardened steel, to
which the chain wheels C are
secured.
The change in gear ratio is obtained in the same manner as in
the Phelon & Moore by driving
through the large sprocket for
low speed and through the
smaller sprocket for high speed.
The expanding bands A are
carried on internal drums D
which take the drive, and which
are keyed on the ball hearing
shaft E that is employed to drive
the sprocket F that, connects
with the rear hub.
The clutches are engaged by
cams cut into the block G,
which is capable of gliding in
either direction according to
303
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which gear is desired. The action of the cam is to force one of
the pegs H against the split
roller I, which forces open the
band A until it engages with B,
which is rotated by the engine.
The object of splitting the roller I
is to permit the clutch to pick
up smoothly.
The block G which contains the
cam is moved by the rack J and
the pinion K, which is operated
by a vertical shaft and lever at
the top of the crank. Three pairs
of ca.nL numbered 1, 2, and 3
are cut in G, each of these being
.005 inch higher than the one
preceding it. Should the band A
wear to such a point that cam A
is not sufficiently high to operate it., the member C may be
turned around so the next larger cam will be used to expand
the brake band. The practical
application of this gear to a
Clement (french) motorcycle is
clearly outlined at Fig.185
.

.
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Planetary Countershaft Gear
Several of the American motorcycles employ a planetary reduction gear mounted on an
extension projecting from the
crank-hanger. A successful
form, which is used on the Excelsior motorcycle is shown at
Fig. 186.
The drive from the motor is to
the sprocket B attached to the
planetary gear carrier A which
also forms the male member of
the friction clutch employed for
direct drive.
When it is desired to obtain a
low speed ratio, the female
member of the high speed
clutch is pulled out of engagement with the male member,
which is fixed and the V-shape
bronze brake band M is tightened around the carrier I, to
which is attached the gear H.
As this gear is held stationary,
the planetary pinions must
rotate on their studs as they are
carried around by the member
A, and, as they turn at the same
time, they drive the gear E,

Fig 186 - The 2-Speed Planetary Gearset of the Countershaft
Type used on the Excelsior Motorcycles
which is securely keyed to the
bushing to which the sprocket G
is fastened.
To obtain a high gear ratio, the
member M is released and the
female member J, of the cone
clutch, is brought into engagement with the male member so
the drive is direct, from the
305

sprocket B through the clutch
members to the member F to
which the wheel driving sprocket G is keyed.
The member J is actuated by
the operating worm K which is
oscillated by the lever L. The
entire construction is mounted
on ball bearings so but little
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friction is present, and the liability of bearing depreciation is
proportionately reduced. The
practical installation of this
gear, and the method of operation by a single handle, is clearly shown at Fig. 166.
If the handle is moved in one
direction the low speed is applied, and in the other position
the high speed will be engaged.
When in the position shown or
approximately at the center of
the notched quadrant, the gear
is in the free engine position as
neither the high-speed clutch J
nor the low-speed friction band
M is in engagement with their
respective co-acting members.

Sliding Gear Type
The sliding gear forms which
have been so generally used in
automobile practice have received but limited application in
motorcycles. This is not as popular among motorcycle designers as the individual clutch
systems are, because considerable damage may result to the
transmission gear when handled

by the inexperienced rider.
If attempt is made to change the
speeds without releasing the
main clutch member, the gear
teeth will be burred or destroyed
entirely. These pieces may get
into the transmission and wreck
the entire construction. It is
contended by those who favor
306

this construction that there is
no more reason for the motorcycle rider to damage a transmission than there is for the automobile operator.
As a general rule, the motorcycle is
not intended to be handled by
expert mechanics, and the simpler
the control system the more popular the motorcycle will be.
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In the individual clutch form,
notably in the two-clutch planetary types, one cannot, obtain a
speed ratio without first declutching the engine. In the
sliding gear, forms that are patterned after automobile practice,
it is possible to shift gears
whether the clutch is released or
engaged.
A simple and effective sliding
gear system which has been
successfully used on Pierce
motorcycle is shown at, Fig. 187
with a portion of the gear case
cut away to show the arrangement of the sliding members,
and in section at Fig. 188 so
that the method of actuating the
sliding members and the friction
clutch simultaneously may be
readily ascertained.
This sliding gear transmission
does not have the main disadvantage to that form of gearing,
because when the shifting member is moved from one gear ratio
to the other, the clutch is released automatically by the
double cone arrangement, and
will not be fully engaged until

the shifting member is completely in mesh with one or the
other of the gears attached to
the propeller shaft.
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Power Transmission Methods
A point on which considerable
difference of opinion has always
existed has been the best method of conveying the engine pow-

5. POWER TRANSMISSION

er to the traction member of the
motorcycle. At the present time,
belt, chain and gear drive are all
used, and various combinations
of these three forms are sometimes used in conjunction. Some
308

systems of power transmission
are more efficient than others,
and, as a rule, those that. are
the most positive and that will
transmit the engine power with
minimum loss due to slipping
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are also apt to have other disadvantages which would tend to
favor the forms where the drive
was by more flexible means.
The two conventional methods
of driving a motorcycle are outlined at Fig. 189. The first system to be applied, and the one
that was formerly the most popular, is by leather belt, which
nay be any one of a variety of
forms.
The type illustrated is a flat belt
of the form that has been so
widely used in driving the machine tools of the mechanic, and
practically all other forms of
machinery for many years. The
other, which is more positive,
involves the use of chains and
sprockets.
The latter method of driving was
used on the first automobiles,
just as soon as it was definitely
determined that the flat belt
drive systems were not practical
for the heavier forms of fourwheeled vehicles. These systems
will be considered more in detail
in proper sequence. Drive by
gearing is general at the present

time in automobile practice, and
is followed to some extent by
motorcycle designers. Either the
bevel or worm gear drive may be
used in con-nection with a shaft
extending from the power plant.
The single-belt drive, either by
means of flat or V-belt is the
309

simplest power transmission
system, because it is possible to
obtain a degree of free engine
action without the use of a
clutch if a jockey pulley or idler
is employed to tighten the belt.
With a V-belt, it is necessary to
use a free engine clutch of some
form to obtain the free engine
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which is also true of the various
positive driving- means such as
chains and gears. The system of
transmission to use depends to
a large extent on the individual
preferences of the rider and
designer, because each system
has its advantages, and all have
been proven practical. When it
comes to a question of efficiency, the drive by single chain or
V-belt is undoubtedly the one
that will transmit poster with
the least loss.
With a properly adjusted V-belt,
there is practically no slipping,
and a flexible drive is obtained.
A certain amount of power is
required to bend the belt over
the pulleys, but this is probably
no more than would be consumed by friction of the various
members of the chain and the
friction between the chains and
sprockets.
The figures in the following table, over, have been generally
accepted by automobile designers, and apply just as well to
similar driving systems used in
motorcycle practice.
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Carefully made brake tests have
demonstrated that the power
loss with a single-chain or Vbelt drive is not greater than 10
per cent., whereas with a double-chain arrangement, which is
the one generally used, about
20 per cent. of the power is lost
in transmission. The type of
change-speed gearing used also
has some bearing upon the
efficiency of the driving system.
Gears of the planetary type will
lose more power when on the
low speed ratio than will either
the sliding gear or sliding clutch
forms, but on the other hand
there is practically no loss when
on the high speed because the
assembly turns as a unit and
the only power consumed is at
the bearings. In either the sliding clutch or sliding gear forms,
the countershaft is always in
action due to the constant mesh
gears, and some power is consumed at that point in addition
to the main bearing.
While the positive driving systems are the most practical,
some unconventional systems of
310

propulsion have been devised
and tried out in an experimental
way. These are usually in the
form of attachments intended
for application to the ordinary
foot-propelled bicycle to convert
it into a power-propelled type.
One of these, which was exhibited at the recent motorcycle
shows, is shown at Fig. 190,
and propulsion is obtained by
an air propeller of the same type
used in aeronautical practice. It
is said that with the latest forms
of air propellers, more power
can be obtained with a given
engine size than will be delivered by marine propellers working in water. It is also claimed
that the efficiency of a marine
propeller will rarely rise higher
than 60 per cent., while
aeroplane propellers working in
air may be 90 per cent. effective.
The air propeller of the device
shown at Fig. 190 has but little
more spread than the span of
the average bicycle handle-bars,
and when used in connection
with the small motor shown, the
thrust is sufficient to push an
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TRANSMISSION EFFICIENCY OF DIFFERENT TYPES OF MECHANISM
(WORDY BEAUMONT)
Source, of Loss of Power.

Amount of Loss, Per Cent.

Efficiency Per Cent.
100.0

When driving direct:
One chain

3.0

One and one-half pairs of hearing,

7.5

89.5

15.0

74.5

With epicyclic speed gear in operation, add
When driving direct:
One set of gear

5.0

Two pairs of bearings

10.0

Partially active hearings
With change-speed reduction gear in operation, add

ordinary bicycle 30 miles per
hour over good roads. The engine is a three-port, two-cycle
type, and with a bore of 2-1/2
inches and a stroke of 2-1/4
inches, at a speed of 2,500 revolutions per minute, develops
power ample for the purpose.
The engine weighs but 16
pounds, and the entire attachment, including propeller, igni-

3.0

82.0

12.0

70.0

tion system and fuel tank is said
to weigh less than 40 pounds.
While this system of propulsion
is practical in air and marine
craft and may have some degree
of merit, it does not appear to be
anything more than freak construction, and is only illustrated
to show all unconventional
method of bicycle propulsion.
Such devices cannot give the
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satisfactory service obtained
from properly designed motorcycles as the average bicycle
frame, tires, etc., are not built
with the idea of attaching mechanical power.
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The Wall Auto Wheel, which device is of English design, illustrated at Fig. 191, has considerably more merit than the air propeller, and
has received practical application abroad.
It consists of a separate wheel to which a miniature power plant is attached, and it, is intended to be secured to the rear frame of a
bicycle parallel with the rear wheel. The engine is air-cooled and has a bore and stroke of
2-1/4 and 2-1/2 inches respectively. It is
claimed that it will develop one horse-power,
which is said to be ample to propel a bicycle at
safe speed.
The engine is of the four-cycle type, has an
external flywheel, and includes a simple form
of two-speed gear in an extension of the motor
crankcase. The drive from the two-speed gear
to a sprocket mounted on the wheel hub is by
means of a short roller chain.
The wheel is 22 inches in diameter and is carried in a substantial tubular frame-work to
which the motor and fuel tank are secured.
This device has been produced for more than
five years by the manufacturers, which have a
factory in London, and, while it is not claimed
that it will give the same results as a regularly
designed motorcycle, still it permits of converting a pedal cycle into a self-propelled form, and
on level roads and in practically all city work, it
will undoubtedly be able to furnish power
312
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enough to drive the bicycle without. any muscular exertion on
the part of the rider.
It is said that the two-speed
gear makes it possible to climb
all reasonable grades. An attachment, of this kind can be
used only on good roads and
under favorable conditions, but
the device is novel, thoroughly
practical and probably will appeal to people of conservative
tem-perament who will be satisfied with medium speed, and
who do not intend to use the
device in touring.
The American rights have been
acquired by a prominent manufacturer and if it successfully
stands the test that it is now
undergoing it will be marketed
in this country.

Belt Drive Systems
Before describing the various
systems of power transmission
by belt, it may be well to review
the advantages advanced by
those who favor that form of
transmission.

One of the most important claims
relates to the flexibility of belt
drive and its power of absorbing
the road shocks and machine
vibration, which, it is contended,
results in minimum depreciation
of the power plant. It is also
claimed that the reverse is true of
the positive driving system which
transmits the road shocks to the
entire machine.
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The belt running over pulleys is
silent because if a flat belt is
used it is endless, and there are
no metallic parts to strike and
click. A V-belt may have a metallic coupling but this does not
come in contact with the pulleys, and is therefore equally
silent. Another feature of belt
drive is said to be the absence of
complicated parts.
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The conventional form of belt
transmission consists of two
grooved or flanged wheels, a
connecting belt and a coupling,
if a V-belt; or an idler or jockey
pulley, if a flat belt. When a belt
stretches, the rear wheel may be
adjusted to compensate for the
increase in length.
It is said that the rider of a beltdriven machine experiences no
discomfort from any irregularities of motor operation, as the
flexible belt will take care of
sudden changes of speed.
Should a motor stop suddenly,
as by breaking or sticking of
some of the important internal
parts, a belt will slip sufficiently
to enable the rider to retain his
place on the machine. A rigid
form of drive would be apt to
result in a sudden stop, and
throw the rider.

With the various positive driving
systems, it is imperative that
the parts be maintained in absolute alinement or there will be
considerable delrreciation of the
mechanism and loss of power.

The factor of cleanliness is also
given some consideration by the
belt enthusiast, and it is evident
that belts are naturally more
cleanly because they do not
need the lubrication that is necessary with chain drive.

With belt drive, any slight misalinement does not, produce
appreciable wear, and there is
but little loss in transmission
efficiency due to this condition.
It is the belt that depreciates
and not the pulleys, as these
314

frequently outlast from three to
five belts before they become
worn enough to reduce the efficiency of the drive.
If one considers the chain transmission, defective alinement
mean that the chain or sprockets, and in most cases both, will
wear unduly, and have a material reduction of the useful
working life.
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When a chain or its sprockets
are worn, efficiency of drive can
only be restored by renewing
both members. It is a known
fact among mechanics that a
new chain will not work well on
worn sprockets, nor will an old
chain function properly on new
sprockets.
The following summary of the
advantages of belt transmission
is given by a prominent. manufacturer of these elements: Belt
transmission causes less trouble
and is less expensive than other
forms of drive, because it. is not.
seriously affected by a loss of
alinement., which causes other
transmissions to wear appreciably and frequently results in
costly replacements.
The flexible transmission insures
minimum wear of the power
plant, because the elastic driving
medium will transmit fewer road
shocks than the positive form.
This means that there is less wear
on bearings and gears because of
the slipping under abnormal
loads, such as quick starting,
rapid acceleration, etc.

These same features also contribute materially to the comfort
of the rider because of smooth
action. It is the least complicated, and therefore it is the least
liable to get out of order. The
feature of silence is also com315

mendable, as drive is by leather
to metal contact instead of metal to metal connections.
The application of flat belt drive
to one of the Harley-Davidson
models is shown at Fig. 193.
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The method of operating the
belt idler or jockey pulley on
this machine is clearly shown
at. Fig. 193.
The idler is carried at the end of
a bell crank which has a segment of a gear as its other
member. These gear teeth engage with suitable members
formed at the lower portion of
the operating handle.
As the handle is pulled toward
the rider, the idler pulley moves
on an arc of a circle having a
radius equal to the center distance between the idler pulley
bearings and the pulley center.
The flat belt may be normally
loose when the idler is in the
position shown, but when the
pulley is raised to the position
indicated by the dotted line the
belt is made to hug the engine
pulley very closely, the effective
arc of contact between the belt
and , the driving pulley is increased and a more effective
drive obtained.
The view at the right of Fig. 193
shows one method of compen-

sating for the variation in pedal
sprocket centers as the rear
wheel is moved to allow for belt
stretch.

and suitable provision must be
made to keep that member in
proper adjustment.

A small ball-bearing idler is
mounted in a slotted support,
and is moved down in the slot to
tighten a loose chain, and
moved up to loosen a tight
chain.

The V-belt drive which is used
on the Rudge-Multi is shown at
Fig. 194. The belt, is a combination rubber and canvas form,
and is utilized in conjunction
with a variable pulley and friction clutch attached to the power plant.

Many of the belt drive machines
stilt retain the pedaling chain,
316
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Types of Driving Belts
The various forms of belts that
have been applied for motorcycle propulsion are outlined at
Fig. 195. That at A is a twisted,
round rawhide belt that was the
first form to be used in motorcycle service. It had one advantage, and that was that its tension could be increased when
desired by twisting the belt
more closely together.
A grave disadvantage was that it
was materially affected by changes in weather, and was apt to
stretch very much when wet, and
shrink very fast when drying. This
form was soon succeeded by the
flat belt depicted at B, which is
the same form that has been
widely used for power transmission in our workshops.
The V-belts were the next to receive general application. These
may he divided into two main
classes, one of which comprises
all belts made of leather, while
the other includes those made of
other materials, such as canvas
and rubber vulcanized together. A
typical leather V-belt, the Dueo-

Flex is outlined at, C, and a rubber belt, the Shamrock-Gloria is
depicted at D.
Various expedients are used by
designers to secure flexible Vbelts, as it is imperative that a
belt bend easily in order that it
may follow the contour of the
317

small driving pulley attached to
the engine crank-shaft. The
special construction outlined at
C involves the use of two continuous layers of leather to which
are attached overlapping pieces
that are to form the third and
fourth plies of the belt.
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In the moulded rubber and canvas
forms, shown at D, notches are cut
in the bottom of the belt at frequent. intervals, which permit the
belt to describe a curve of small
radius when the spaces close in as
indicated, due to the bending of the
belt.
The usual construction of a leather
belt of the V-form is outlined at Fig.
196. The belt consists of two continuous plies of leather that are
riveted together between leather
blocks with tubular rivets. The
leather block used on the bottom of
the belt is not as long as that on the
upper part, and this construction
permits of considerable flexibility.
The Wata-Wata, an English belt,
is shown at Fig. 197. In this
construction, the upper and
lower plies of the belt are separated by spacer blocks of arch
formation, which allow the belt
to bend around a circle of small
radius because the lower portion or ply of the belt will fill the
space between the blocks and
permit the hell. to bend easily.
The ends of V-belts are fastened
together by metal hook mem-

bers which are made in a large
variety of forms, one of which is
shown in this illustration.
Another English belt which is a
distinctive construction, and
which is said to give very satisfactory service, is shown at Fig.
318

198. This is known as the Whittle belt, and is a composite
structure made of steel links
carrying suitable bearing pins
spaced between leather links.
The two leather links are fastened
together by a short regular pattern
wood screw as indicated.
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Some of the forms of belt fasteners that have received a ready
market are shown at Fig. 199.
That at A is a simple form consisting of a pair of hinges having
downwardly extending prongs to
grip the belt, joined together by
a simple hook member.
The form at B uses a quick detachable hook which permits of
some adjustment by using
hooks of different, lengths. The
form at C consists of a link of
roller chain joining two simple
duplicate V-shaped members
carrying the screws for attachment to the belt.
The wire hook depicted at D is
the form of connector used with
twisted rawhide belt. Another
type of connector which provides
some opportunity for adjustment
is shown at E.
When the belt stretches, the
connecting member may be
used to shorten the belt. by
changing its position. Instead of
bearing at the extreme end one
of the connecting members may
be brought nearer the other by
placing it in the bearing at the

upper portion of the connector
ring.
Various tools are necessary to
maintain belt efficiency. One of
these, which is shown at A, Fig.
200, is employed to cut belting
of the V-form smoothly and
accurately. It consists of a suit319

able casting member carrying a
sliding cutting knife guided by
slots in the casing, which is
forced down to sever the belt by
a set screw bearing against the
hack of the cutting blade. The
other set screw is utilized to
clamp the belt tightly against
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the movable
lower plate which
may be raised
when desired to
accommodate
smaller sizes of
belts.
Practically all of
the connectors
used with V-belts
require that.
holes be made in
the belts to permit of passing
the screw that
clamps the connector to the belt
through it.
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A punch for making these
holes is shown at Fig. 200, B.
This is a double member,
and the thumb-screw to
which the punch is attached
may be placed at either end.
When in the position shown
it will punch one-inch belt,
and if the screw is reversed,
the device can be used for
piercing seven-eighths-inch
V-belt.
After a belt has been shortened a number of times, a
point will be reached where
the ends will be too far apart
to receive a standard connector of the simple form. In
such cases, the links shown
at C may be used to advantage because the center of
the connector is composed of
a block of rubber beveled off
at the same angle as the Vbelt. This grips the pulley
and prevents slipping or
noisy action which would be
apt to result if a. connector of
the simpler form was used.
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Standard Belts
The regular pattern V-belt is
made to run on pulleys that.
have the driving faces beveled
so that the included angle between the flanges is 28 degrees.
If trouble is experienced with
slipping of a V-belt and the
substitution of a new member
for the old one does not cure the
trouble, a gauge may be made of
sheet metal and used as indicated at. Fig. 201.
If the pulley flanges are hollowed out, which would be apt
to result after the pulleys have
been in use for some time, this
condition will be clearly indicated by the fit between the gauge
and the flanges.
Belts are made in a variety of
widths, and are usually of special tannage because the ordinary oak-tanned leather used
for belting in machine shops is
absolutely unsuitable for the
work demanded of a motorcycle
drive.
Chrome-tanned leather is generally used for belts because this
322
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produces a tough, sinewy material best adapted to resist oil,
water and heat generated by
excessive pulley friction.
Chrome-tanned leather also has
greater tensile strength than the
oak-tanned and it will transmit
more power. It is also more flexible, will not slip when wet, and is
not apt to curl on the edges or
stretch as much as the belting
made by the other processes.
Flat belts are usually made in
two plies and will range from 11/2 to 2-1/2 inches wide, the
variations in size being by increments of one-eighth inch. Naturally, the greater the amount of
power to be transmitted, the
wider the belt must be to take
the augmented pull.
The plies are not only cemented
together but, in some instances,
they are also stitched at the
edges. The cement used should
be heat, and water-proof, and it
is also necessary to stretch the
bolts a number of time after
cementing before the belt is
ready for use, to give them an
initial permanent set.

In making V-belts, two continuous plies in the forms intended
for medium-powered engines,
and three continuous plies on
the forms devised for hunger
power plants are cemented together, and then special two-ply
blocks are riveted to the continuous plies with steel rivets to
obtain the required depth of
friction surface. The blocks are
of special construction, in order
to enable the belt. to conform
more readily to the small engine
pulleys. All standard V-belts,
whether made of rubber or
323

leather have a 28 degree included angle.
Belts vary in length from 7 to 9
feet, and the average length is
about 8 feet 6 inches. Leather
belt is used almost exclusively
in the United States, though the
rubber and canvas V-belt is
more popular abroad. The advantage of rubber belting is that
it is not apt to be affected by
water, but it is not as flexible as
the leather belt, nor dues it
have the same amount of adhesion to the belt pulleys.
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Flat belt pulleys are
usually made of
cast iron covered
with a layer of
leather, or a lagging
of woven wire-asbestos fabric, in
order to secure
greater adhesion
between the belt
and pulley.
Owing to the large
amount of surface
on the rear driving
pulley, it is not
customary to provide any lagging on
that member, as
sufficient adhesion
is obtained without
it.
Lagging is not necessary on V-belt pulleys, because the
tendency of the belt is
to wedge itself in the
space between the
flanges, and as the
power developed by
the engine increases,
the adhesion aug-

ments proportionately because of a greater There is no intermediate size between 1wedging effect.
1/4 inches and 1-1/2 inches V-belt.
The four-ply V-belt’s vary in width from 3/ The width of a V-belt is always measured
4 inch to 1-1/4 inches by increments of
at the top.
one-eighth inch, and the five-ply belt,
which is intended for use with powerful
twin motors will vary from 1-1/8 inches to
1-1/2 inches in width.
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The writer has made a careful analysis of belt drive machines produced by American manufacturers
for several years, in order to arrive at the average practice as it relates to the sizes of belts used with
various motor horsepowers.
The following tabulation may prove useful for reference:

Single Cylinders, up to 2-1/2 horsepower (Old Style Machines) :
Flat Belt

1-1/4 to 1-1/2 inches wide

Twisted Rawhide

5/8 to 3/4 inch dia.

V-Belt

3/4 to 7/8 inch wide

Single Cylinders, 2-1/2 to 5 horsepower:
Flat Belt, 2-ply

l-1/2 to 1-5/8 inches wide

V-Belt, 4-ply

7/8 to 1 inch wide

Two Cylinder, up to 7 horsepower:
Flat Belt, 2-ply

1-5/8 to 1-3/4 inches wide

V-Belt, 4-ply

1 to 1-1/4 inches wide

Two Cylinder, up to 9 horsepower:
Flat. Belt, 3-ply

1-3/4 to 2-1/4 inches wide

V-Belt, 5-ply

1-1/4 to 1-1/2 inches wide
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Advantages of Drive by Chains
The credit, of being pioneers in
the application of chain drive on
motorcycles belongs to the
Hendee Manufacturing Company in this country, and to
Messrs Phelon & Moore in England. It was adopted by both of
these makers on standard stock
products in the year 1900, and
both have been unusually loyal
and have consistently advocated
chain drive ever since.
Other makers followed their example, but they either did not
realize that in order to enjoy the
real benefit given by the chains
that the machine must be especially designed for them or else
the majority of motorcycle engines in those days were not as
smooth-running as the creations
of today, because for a time, the
chain transmission was not generally favored on account of the
alleged harshness of the drive.
Other influences, however, were
at work, and the consequent
improvement and increase of
power in the engine, and the
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use of sidecars, showed that the
belt drive was not always adequate for powerful motors pulling heavy loads unless made of
excessively large size.
Various cushioning devices were
also evolved in order to relieve
the mechanism of the shock,
clue to positive transmission of
power and a review of current
practice indicates that chain
drive is standard en most of the
best-known American machines,
and is generally accepted as
producing a moderately silent,
smooth-acting and reliable
transmission. In Europe, the
belt is still the most popular
form of power transmission, but
indications point to a gradually
increasing appreciation of chain
drive in both England and
France.
There has never been any question regarding the positiveness
and efficiency of chain transmission. In fact, the first objections
advanced against it was that it
erred in being too positive.
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The early forms of motorcycle
engines, especially the big single
cylinder power plants did not
deliver a very even turning moment as the power was applied
as a series of violent shocks.
As previously stated, the belt
equalized the drive to some
extent by slipping and stretching while the chain, as originally
applied, transmitted the shocks
to the machine, and thus not
only caused considerable wear
on the tires but promoted the
discomfort of the rider. The
introduction of better balanced
engines and more especially of
various compensating clutches
and cushioning devices of one
sort, or another pro-moted the
general adoption of chain drive.
An important advantage of
chains is that these do not need
to be tight to transmit power,
which is absolutely necessary in
connection with the use of belts,
especially the flat belt. In order
to reduce belt slip, it is necessary that they be tight, and the
belt pull causes considerable
unnecessary friction on the

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
engine bearings, especially of
the plain type. With the chain,
no initial tension is necessary,
and the frictional loss due to
high bearing pressures is not as
large as with a tight belt.
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ing the other three strokes and
especially on the compression
stroke, the resistance is exactly
reversed.

A load of this nature is generally
known as “impulsive,” and is
In order to use the chains sucmuch more severe on the transcessfully, the conditions under
mission system than the regular
which they work to the best
turning moment of an electric
advantage must be fully realmotor or the smooth action of a
ized. The removal of belt pulleys four-cylinder gasoline power
and the substitution of sprockplant. Consequently, if the chain
ets, and the use of a chain indrive is to be a thorough sucstead of a belt, does not mean
cess, the shocks due to uneven
that, satisfactory chain drive will power application must be rebe obtained.
duced or absorbed as far as
possible by some cushioning
On the contrary, essential conmechanism.
ditions peculiar to chain drive
must, be properly taken into
Another thing that must be
account.
taken into consideration is that
the speed of a motorcycle engine
First, the nature of the load
is very high, and, consequently,
must be understood. The action
the chain speed is correspondof the four-cycle internal comingly fast. This is especially true
bustion engine consists of a
of the first reduction or counterseries of power strokes due to
shaft drive chain.
the explosion of gases which are
interposed between periods of
It is not generally realized that
neutral or even negative effort
chain must travel at a velocity of
while the explosion forces the
1,500 to 3,000 feet per minute,
piston violently downward, dur- and that the impact between the
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rollers of the chain and the
teeth of the sprockets is very
severe and frequent. It is therefore important that the chains
be kept thoroughly lubricated so
the blows on the rollers may be
softened by the interposition of
a film of lubricant both on the
outside of the roller—which is
best attained by the use of an
oil-bath gear case—and in the
bush and rivet bearings. That
the roller should be free to turn
is also most important, since the
wear is thereby distributed.
In view of this last consideration, it is very necessary to
make sure that the sprockets
are in perfect alinement. Otherwise, the teeth cut into the side
plates of the chain, on which
they wear a shoulder or ridge,
which often causes the rollers to
stick, with the result that the
impact on the roller always
comes in the same place, tending to break it.
Correct adjustment also is of
course necessary, as, if the
chain is too slack, it tends to
mount the wheel teeth and also
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“whips,” which may have the
effect of breaking the rollers,
and in any case, intensifies the
wear. The provision of a gear
case, or at least some form of
chainguard, is highly desirable.
Mud is not a satisfactory lubricant, and it is hopeless to expect the best results from a
chain which is coated inside and
out with slush and grit. The
natural result is stiff joints,
broken rollers, and rapid wear.
A point to be looked to in designing a drive is that the number of links in the chain from
engine to countershaft should
not be an even multiple of the
number of teeth in the engineshaft sprocket as if this is the
case the force of the explosion
comes more often on certain
rollers than on the rest. To sum
up, the three essentials to be
looked for in a motorcycle drive
are: First, some species of slipping or cushioning device; second, eflicient and thorough
lubrication, and third, a reasonable chain speed.
On this last point, a compromise
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has to he aimed at. The chain
speed may be reduced by reducing the diameter of the sprockets, i. e., the number of teeth.
But, other things being equal, a
small sprocket is more severe on
the chain than a larger one,
owing to the increased angle at,
which the wheel meets the
chain. Normally speaking, the
best results will he attained with
driver or engine-shaft sprockets
having from 15 to 17 teeth.

Single Chain Drive
The simplest form of chain
transmission and the most,
efficient is the single chain drive
which, to date, has not been
extensively applied in motorcycle practice. The method of using a single chain is clearly outlined at Fig. 202. This involves
the use of an engine-shaft
clutch, which also acts as a
cushioning device, from which
the drive is to a large sprocket
mounted on the rear wheel hub.
In the machine shown, the rear
sprocket has 64 teeth and the
engine sprocket from 16 to 18
328

teeth. The system of transmission is efficient, and about the
only disadvantage that can be
advanced against it is that the
chain must be kept tight, because if loose it will be apt to
flap or whip, owing to its length.
Another method of using a single chain is in combination with
an undergeared drive and is
outlined at Fig. 203. In this, the
first reduction is by a spur pinion attached to the engine
crankshaft which meshes with
an internal gear that turns the
driving sprocket.
As practically all of the reduction in
speed may be obtained between the
gears, the front sprocket may be
made nearly as large as the rear
one, and the chain is operating
under very favorable conditions, as
relates to both chain speed and
bending.
The single-chain direct drive is, of
course, the most efficient, as there
is no bearing friction other than
that of the engine shaft and rear
hub to be overcome, while in the
countershaft form its bearings
consume power.
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Double–Chain Drive
The method of employing two
chains for driving, used on the
Alcyon (French) motorcycle, is
shown at Fig. 204. A small
sprocket is attached to a cushioning device carried on the
engine shaft, and drives a larger
sprocket mounted on a countershaft of the simple form.
The drive to the rear wheel is
from the small countershaft
sprocket to a large member
attached to the rear hubs. This
provides a double reduction
system, there being one reduction in speed between the engine sprocket and the member
it drives on the countershaft,
and another reduction between
the smaller sprocket on the
countershaft and the larger
member on the hub.
The original and as time has
proven, the most practical system of double-chain transmission is illustrated at Fig. 205,
which shows the transmission
method employed on the Indian
motorcycle.

Even on the earliest forms, a
ioning device other than the free
compensating sprocket or cush- engine clutch regularly provided
ioning arrangement was used on on all these machines.
the countershaft, but in the
modern types it is, of course,
unnecessary to use any cush329
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Driving Chains
The form of driving
chain generally
used at the present
time for power
transmission on
both motorcycles
and automobiles is
a radical departure
from the type of
chain first used for
the purpose.
In order to reduce
friction, and to
insure easy running, rollers are
used to come in
contact. with the
sprocket teeth, and
these roll instead of
rub against the
teeth as was the
case with the block
chain. A typical
roller chain is
shown at Fig. 206,
A. Each roller is
mounted on a
bushing which
joins a pair of side
plates.

In this form, a link member is composed of two side plates. two bushings to hold them together, and two
rolls that revolve on these bushings
or hollow rivets.
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Each of these link assemblies is joined
with its neighboring one by a simpler
clement composed of a pair of side
plates and two solid rivets or bolts.
The block chain which is shown at C is
a simpler construction than the roller
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chain, as a link assembly is of
the more simple form, i.e., two
side plates and their retaining
rivets is used to join the block.
That shown at l3 is a roller
chain that can be used on
block-chain sprockets. Block
chains are seldom used for
transmitting power at the
present time, and when utilized)
are employed only for joining
the pedaling sprocket to the
corresponding member on the
rear hub, or in connection with
a step starter.
The parts of a typical roller
chain are clearly shown at Fig.
207.
At A, a connecting link which is
used for repair purposes or to
permit of taking the chain apart
when it is necessary to remove it
is shown. At. B, the connecting
link employed to join the roller
link members C is outlined.
The offset link at D is used in
joining a chain together under
conditions where the regular
connecting link A cannot be
em-ployed, which is the case if
331
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the chain has an uneven number of links, such as 63, etc.
At the lower portion of Fig. 207,
the chain repair tool used for
taking riveted chains apart is
shown. It consists of a block
member which supports a slotted piece having the slots separated by a distance equal to the
pitch of the chain to be repaired. A guide member shown
at the right can be placed over
the head of the rivet which is
driven out by means of the
punch that is adapted to fit the
guide piece. This arrangement is
the only practical method of
holding a chain for repairing, as
it not only insures that the rollers or links will not be marred
but it also provides the firm
support that is necessary to
drive out the rivets.
The popular motorcycle chain
used in this country is a 5/8inch pitch with a 1/4-inch width
roll for engines below 5 horsepower, and 5/8-inch pitch with
a 5/16-inch or 3/8-inch roll for
engines of greater power. Two
other sizes of chains are being
332
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used to some extent, these being 11/16-inch and 3/4-inch
pitch. The pitch of a chain is the
distance between the center of
one tooth space to the center of
the neighboring one.
In some cases where very lowpowered engines are used,
chains of 1/2-inch pitch with 3/
16-inch or 1/4-inch wide rolls
are sometimes employed.
The breaking strain of chains
used will range from 2,000
pounds to 3,000 pounds.
Considerable useful information, in the form of formula for
figuring chain length, sprocket
sizes, etc. that will be of value to
the designer or draftsman, or to
the motorcyclist who is mechanically inclined, are given in Figs.
208 to 210, inclusive.
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Combination Chain and
Belt Drive
In an endeavor to obtain the
advantages of both of the main
systems of power transmission
without the attendant disadvantages incidental to the use of
either alone, combination drives
are receiving considerable attention at the present time.
The average composite drive
consists of a chain or gear drive
to a belt pulley, and from that
member to a larger belt pulley
on the rear wheel. The construction of the usual undergeared
drive may be clearly grasped by
referring to Fig. 211.
While in this case the drive to
the rear wheel is by chain, it is
not difficult to substitute a belt
pulley for the sprocket and drive
by the more flexible means.
The first reduction is obtained
by the spur driving pinion attached to the engine crankshaft
which meshes with an internal
or ring gear mounted in a suitable extension from the engine
333

base and revolving on ball bearings of generous proportions.
The ring gear carries the final
drive member.
One of the disadvantages incidental to belt drive when used
alone was that a small driving
pulley which did not provide a
sufficiently large contact surface
had to be used on the engine
shaft to secure the proper gear
ratio.
With the undergeared drive,
which is shown at the top of Fig.
212, or with the combined chain
and belt drive out-lined at the
bottom of the same illustration,
it is possible to use a belt pulley
of large diameter and obtain an
arc of contact that will insure
positive drive and minimum
flexure of the drive belt.
The first reduction is obtained
by positive means which are
best adapted for this purpose,
while the final drive is taken by
the flexible member which provides the smooth and yielding
transmission that is so desirable
to relieve the power plant of
road shocks.

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

5. POWER TRANSMISSION

334

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

5. POWER TRANSMISSION

335

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

5. POWER TRANSMISSION

336

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

5. POWER TRANSMISSION

337

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

5. POWER TRANSMISSION
The view at Fig. 213 is that of a
representative American motorcycle, the Reading Standard,
employing the combination undergeared drive.
The relative size of the front,
and rear driving pulleys may be
readily ascertained and it is not
difficult, to understand how a
combination drive of this nature
is destined to become a very
popular system, inasmuch as it
will provide a positive drive and
yet a flexible one.

Fig. 211 - Undergeared Drive - Thor
Design
338
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Bevel and Worm Gear
Final Drive
The most popular system of
driving automobiles is undeniably that in which thoroughly
encased gearing is used.
The problem of applying this
form of gearing to motorcycles is
not an easy one to solve, because the construction is difficult to apply. In an automobile,
it is not necessary to remove the
rear axle every time a wheel
must he reached to make repairs on the tires.
In a motorcycle, it is necessary
to take the rear wheel out of the
frame before one can change a
shoe or one-piece inner tube,
and, whenever gear drive is
used, it is somewhat of a job for
an amateur to remove the
wheel, and more of a proposition to replace it and secure
proper adjustment of the drive
gearing.

Fig 212 - Belt Transmission w/
Positive 1st Reduction Means
339
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A bevel gear drive which
has received successful
application on the Pierce
four-cylinder motorcycle
is shown at Fig. 214.
The rear hub member
carries a bevel gear in
place of the usual drive
sprocket, and the power
is transmitted to that
member by a bevel drive
pinion securely attached
to a drive shaft that extends to the motor crankshaft.
A worm gear drive used
on an English motorcycle
is shown at Fig. 215. The
system is just the same
as that previously described except that worm
gearing is used instead of
the bevel, for with either
of these forms it is necessary to mount the engine
in the frame in such a
way that the crankshaft is
parallel to the top frame
tube.

340
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The power transmission of the
Fielhach motorcycle at Fig. 216 is
distinctive, inasmuch as the twincylinder power plant is mounted in
the frame in the conventional manner with its crankshaft at right
angles to the frame tubes.
The drive is by spiral gearing at the
engine through a cone clutch and
sliding gear transmission of the
two-speed type to a worm gear
carried on the rear axle. The view at
the top shows the relation of the
engine gearing, the clutch and the
change-speed gearset.
The drive from the gearset-driven
shaft is to a worm mounted in a
suitable casing which is shown in
the longitudinal-section in the lower
left hand corner. The method of
fastening the worm gear to the
wheel hub is clearly outlined in the
right. hand corner.
This system of gearing is more
complicated and much more expensive to construct than the simpler two-chain or combination
chain and belt drive, but it has the
important, advantage of having all
the driving elements thoroughly

encased and protected front the
abrasive effect of road grit, which
cannot he said of any of the chain
or bell drive systems. An important
advantage of the positive encased
gear drive is that the housings in
which the gears are mounted may
341

be filled with lubricant, and this not
only cushions and silences the
drive but it also reducer friction
and wear, and promotes long life
of the driving mechanism.
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Relation of Engine Power to Gear Ratio
In one of the earlier chapters the reason for supplying various gear ratios has been considered in
some detail, and the importance of selecting that best adapted so the power of the engine will be
delivered most effectively is an important phase of motorcycle design. An engine may be geared too
high, which means that it will have some difficulty in overcoming the resistance imposed by hills or
bad roads but is very fast on the level. If a machine is geared too low, it will be a good hill climber but
will not operate at satisfactory speeds under good conditions unless the engine is run excessively
fast, which would produce more rapid depreciation of the power plant.
The two tables appended are given to show the gear ratios recom-mended by engine builders for their different
motor types. It is, of course, understood that the designer of the motorcycle will select the power plant of the
proper capacity for the machine to which it is fitted. The first table is given by the makers of the Precision (English) engines, various models of which have been illustrated in this work. The last table is especially valuable,
as it shows not only the gear ratios but the road speeds obtained with various sprocket sizes and single and
twin engines. This table has been compiled by the F. W. Spacke Machine Company who make the De Luxe
motors. Other tables and formulae to assist in figuring speed are also presented.
Riders will do well to remember that cycle engines are essentially high-speed engines, and should not be overgeared. The following table will give best results both from the point of view of flexibility and average speed:

Engine Type.

Gear Ratio for Solo Riding.

Gear Ratio for Sidecars, Top Goat.

2-1/2 ! horsepower

5.5 :: 1

----------

2-3/4 horsepower

5.0 :: 1

----------

3-3/4 horsepower

4.5 :: 1

5.5 :: 1

3-3/4 HP w/OHVs

4.0 :: 1

5.0 :: 1

4 horsepower twin

4.5 :: 1

5.0 :: 1

Oreen model

4.0 :: 1

5.0 :: 1

4-1/4 horsepower

4.5 :: 1

5.0 :: 1

6 and 8 HP twin models

4.0 :: 1

4.5 :: 1
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The point of highest efficiency and horsepower development is represented at approximately 2,500
revolutions per minute, on standard stock motors, and is, for that reason, taken as a basis for estimating gear ratios. The above does not, therefore, necessarily represent the extreme maximum of
speed that may be obtained from any gear ratio.

SPEED FORMULA.
To reduce A miles in B seconds to chiles per hour,
A x 3,600 / B = miles per hour.

SPEED EQUIVALENT’S IN AMERICAN AND FRENCH MEASUREMENTS.
1 mile per hour = 88 feet per minute
= 1.46 feet per second.
= 27.8 meters per minute.
= 0.463 meter per second.
1 kilometer per hour = 0.62.1 miles per hour.
= 54.9 feet per minute.
= 0.91.1 meter per second.
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We have discussed at some length, in a previous
chapter, the various forms of motorcycle frames
and methods of power plant support in a general
way. In view of the important, functions of the
frame structure, it, may he well to describe this
important component upon which the strength
and endurance of the entire assembly depends
more completely. A typical loop frame, such as
used on the Indian motorcycle is shown at Fig.
217, and this shows clearly all of the parts, with
the exception of the wheels and handlebars that
are generally considered as being part of the
frame assembly.
It will be observed that in certain essential respects this frame differs materially from those
used in bicycle construction. The looped member
that supports the motor, the drop at the seat-post
mast, and the elimination of the usual diamond
construction at the rear end are all radical departures from bicycle frame design.
In this construction, the effort is made not only to
suspend the weight of the rider by resilient members other than pneumatic tires but by the use of
the laminated leaf spring fork and the distinctive
double cradle spring rear construction, the entire
weight of the power plant and its auxiliaries as
well as the rider are spring supported and protected from the undesirable influences of road
shock.
347

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

6. FRAME PARTS

The complete frame assembly
consists of the main frame
member to which are attached
the front fork at the steering
head, a saddle over the seatpost tube, a luggage carrier,
chainguard, mudguard, and
suitable stand at the rear end.
348
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The frame shown at Fig. 218 is
representative of the form of
construction in which the motor
base is depended on to join the
open portion of the frame when
the power plant is in place.
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The important parts of this assembly are also clearly outlined.
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The frame at Fig. 219 is a loop
design of merit, and shows the
complete frame assembly minus
the rear wheel. The motor supports are brazed to the frame loop
and are in the form of brackets to
which the lugs attached to the

6. FRAME PARTS

engine base are bolted. Attention
is directed to the distinctive method of strengthening the rear end
by means of vertical brace tubes
that join the rear forks and rearfork stays together. The form of
the mudguards, the design of the
350

saddle and handlebars, and the
method of housing the tool compartment under the saddle, in the
space between the seat-post mast
and the rear mudguards are also
clearly depicted.
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Another open frame is shown at
Fig. 220. This differs from that
previously described, in that the
motor casing is secured to an
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extension of the crank-hanger
by two bolts, and to the end of
the diagonal tube with one bolt.

351

Both of these members are
forked so it is a simple matter to
remove the power plant from the
frame when necessary.
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A motorcycle frame is generally
built up of seamless steel tubing, though sonic designs have
been evolved in which a portion
of the frame is composed of a
casting member to which the

6. FRAME PARTS

tubes were attached. The frames
illustrated at Figs. 217 to 220
are of the pattern in which the
various fittings are joined together by steel tubes. The Sehickel frame which is depicted
352

at Fig. 221 is a distinctive construction be cause the main
portion of the frame is a large
aluminum casting which serves
as a fuel container.
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The steering head and a portion
of the seat-post tube retaining
member are formed integrally
with it. Another suitable projecting boss is employed to support
the front diagonal tube.
The rear fork assembly is built
of tubing in the conventional
manner. The Pierce motorcycle
employs a frame made of large
diameter tubing, which members also serve as fuel and oil
containers, and which provide a
frame of exceptional strength
though unconventional in appearance.
When motorcycles were first,
made, light steel stamped reinforcements of the form used in
bicycle frame construction were
widely employed to hold the
various parts of the motorcycle
frame together.
At the present time, stampings
have been discarded for more
substantial drop forgings and
malleable iron castings. The
steering head of practically all
motorcycles is in the form of a
forging or semi-steel casting
353
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provided with a substantial rib
joining the two bosses to which
the frame tubes are brazed. The
seat-post cluster is also a forging and has four projecting
bosses. One of these is intended
to secure the seat-post tube, the
one at the front is for attaching
the upper frame member while
the two at the rear form an anchorage for the rear-fork tubes.
The crank-hanger is still another member which varies according to the design of the frame to
which it is fitted.
The two common methods of
brazing the frame tubes employed differ in one essential.
The fittings are joined to the
tubing in some frames by being
pushed in the interior of the
tube. This makes what is known
as a flush joint because no evidence of the point of juncture
between the frame and the fitting is noticed.
The steering head forging of the
Indian motorcycle, which is
shown at. Fig. 222 has internal
reinforcement or flush joints,
while the steering head fitting of

the frame shown at Figs. 219
and 220 is attached by inserting
the tube inside of projecting
bosses that form part of the
fitting. This method is often
combined with an internal rein354

forcement and is said to be
stronger, though not so neat, in
appearance, than the flush joint
frame construction. The latter
has survived from bicycle practice where it was desirable to
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eliminate all corners in which
dirt, or dust could collect, and
also to have a smooth or finished appearance for the frame.
In a motorcycle, the factor of
strength is the most. important
consideration so that externally
reinforced joints are used fully
as much as the flush joint construction.
The tubing used in motorcycle
construction is not only of heavy
gauge and of large diameter but
is invariably provided with an
internal reinforcement which in
most cases is a vertical steel
piece running through the center of the tube. This reinforcement is shown at Fig. 222.
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The sizes of tubing used depends upon the character of the
reinforcement and the strength
it is desired to obtain in the
motorcycle frame structure,
which, of course, depends largely on the size of the power plant
installed. A frame that may
appear light when viewed from
the outside on account of using
tubing of small diameter may
actually be stronger and weigh
more than a more substantial
looking frame of large diameter
tubing, because it would have
thicker walls and perhaps a
more substantial internal brace
member.

The accepted method of fastening the frame components toAnother reinforcement which is
gether is by a combination of
even stronger than the single
pinning and brazing. When the
vertical member that bisects the
frame is first assembled, it is
tube into two D-shape or semiplaced in an alining fixture
circular sections is in the form
which insures that all the tubes
of a triangular tube securely
will fit the various fittings to
attached to the interior of the
which they are attached properround frame tube. This tubing is
ly, and that the center line of all
used on the Emblem motorcythe tubes comprising the main
cle, and is shown at Fig. 223.
portions of the frame coincide.
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The next operation is to fasten
the members together by drilling
holes through the tube, and
fitting and driving steel pins
through these to hold the members together so the frame may
be handled during the brazing
operation.
This process consists of heating
the portion of the frame where
the joint is to be made to a considerably higher point. than the
melting point of the spelter employed in joining the parts.
The frame tube and fittings are
raised to just below a white heat,
and the binding material, which
is a brass alloy in a molten condition is poured in the minute open
space between the frame tube
anti fitting at the joint. A flux,
consisting of borax, is mixed with
the spelter so it will flow readily
between the tube and projecting
member to which it is attached.
When the joint is allowed to cool,
the two members are held together by a thin layer of brass which
forms a very strong joint that will
give absolutely no trouble if it has
been properly made.
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There is also a tendency in modern motorcycle factories to use
the oxy-acetylene flame in welding parts together, and this also
makes a very strong joint. The
process of electric butt welding
or spot welding may also be
used to advantage at various
portions of the frame structure.
Brazing is the method generally
followed, because the process is
well known and has been highly
developed through many years
of use in building bicycle
frames.
After the frame structure has
been permanently assembled
and all its components are held
firmly together, the alining fixture is again brought into play
and the frame straightened by
suitable clamps if it has been
knocked out of proper alinement
by distortion due to the heat it
was subjected to during the
brazing process. After this, the
frames are thoroughly cleaned,
and all of the protruding spelter
or flux at the joints is chipped or
filed off. The frame tubes are
then polished and smoothed by
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rapidly moving emery-coated
cloth belts preparatory to the
application of the enamel.
The size of the tubing employed
averages about 1-1/8 inches
diam-eter for the seat-post mast
and the diagonal tube extending
from the steering head. The
upper and lower frame members
that join the steering head to
the seat-post must and between
the scat-post mast are usually
of 1-inch diameter tubing.
The rear forks and rear fork
stays will be of 3/4-inch or 7/8inch round tubing, though
sometimes oval section tube
may be employed for the rear
forks.
The front forks of most motorcycles are composed of oval section tubes which taper down
from where it is brazed to the
fork crown forging to the lower
portion designed to carry the
wheel hub, or the links to which
that member is secured.
Sometimes round tubing is used
for front fork construction as
shown at Fig. 218, though the
356

general practice is to use the
tapered section, flat oval tube. It
is not considered good practice
to use tubing much thinner
than 3/32-inch wall, and for the
most part, even when it is well
reinforced, tubing with a 1/8inch thick wall is used for the
principal frame members, such
as the seat-post mast, the upper frame tube and the motor
supporting loop member.

Foot Boards
There is a growing tendency on
the part of motor cycle designers, which has been fostered
largely by the demands of the
riders, to provide auxiliary footrests in addition to the usual
pedals that have been used on
motorcycles from the first.
Footrests were first used on
foreign machines, many of
which have entirely discarded
the pedaling cranks so widely
used in this country.
As these members are replaced
by a simple starting crank or
kick starter on motorcycles
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employing variable speed gears,
it is necessary to provide some
means for supporting the rider’s
feet. Naturally the simplest way
was to braze extentions to the
frame tube or attach footpads to
the power plant in some way.
Some of the examples of foot
supports used on American
machines are shown in detail
at Fig. 224.
That at the top is the rigging
used on the Excelsior motorcycle. The footrests are steel drop
forgings of approximately the
size of the average foot that are
carried by a substantial auxiliary bracket member secured
at its lower ends to one of the
crankcase bolts and at its upper end to the diagonal frame
tube by a substantial clip composed of two steel stampings
held together by through bolts.
The footrests are attached to
suitable extensions by a hinge
that permits of folding them up
out of the way or to provide a
safeguard against breaking
them off or bending them,
should the machine fall over.

With the Excelsior assembly, a
brake-operating pedal is included in order that the rider
may work the brake as effec357

tively when his feet are on the
footrest as when they are on
the pedal crank. The simple
form shown in the lower left
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hand corner is used on the Schickel motorcycle, and consists of two
simple cast aluminum members
attached to a laminated leaf spring
that is intended to provide a resilient support for the feet of the rider.
The Iver-Johnson footrest also
depicted at Fig. 224 is a folding type
that offers a secure support for the
rider’s feet. It is carried by two
hinges from a stamped steel member anchored to the frame.
In some machines, notably the
Henderson and the two-speed
Indian, the foot-boards are depended on entirely to support the feet of
the rider, and no pedals are provided.
There seems to be a tendency
toward the elimination of the pedaling gear that has for so long been a
feature of bicycles and motorcycles,
and while it was formerly an essential part of the machine on the early
types without two-speed gears or
free engine clutches and equipped
with power plants of low rating, it is
no longer necessary to assist the
motor up a hill by vigorous pedaling
or to constantly restart the motor
after stopping it in traffic.
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The free engine clutch makes it
possible for the rider to control his
machine, and to bring it to a stop
without affecting the motor, and the
variable speed gear makes it possible to overcome all adverse conditions by the power of the motor
alone. For this reason there is
some talk about the elimination of
the pedaling gear, and the substitution of footrests and suitable controlling levers that will permit of
positive motorcycle control.
There is considerable to be said in
favor of the pedaling gear, however,
and its value is clearly established
in the mind of the rider who has
tried to start a stiff motor on a cold
day by a more or less positive kick
starter which does not, permit of
spinning the motor, as is possible
when the effort of the rider can he
applied with both feet through a
substantial chain and crank to the
rear wheel of the machine, which in
turn rotates the motor crankshaft
very briskly through the driving
gearing, and which induces an
obstinate motor to start even when
it is difficult to vaporize the gasoline.
358

Another feature is that brisk pedaling produces a hot spark at the
spark plug, because the current
production from the magneto is of
more value when that member is
rotated briskly. While it is thoroughly practical to start a fourcylinder motor by a starting crank,
it is conceded that it is more difficult to start a single cylinder to twin
motor with a starting handle, unless conditions are favorable.
The writer believes that the pedaling gear is a desirable fitting, because it provides a means of supporting the rider’s limbs when they
become cramped from maintaining
a constant position on the footrest.
Pedals also permit of considerably
more comfortable riding on rough
roads than footrests do, because it
is possible for the rider to relieve the saddle of his weight
when running on rough ground
by using the pedals for support.
They are also valuable in providing a positive control of the
braking and coasting hub which
forms an essential part of many
American motorcycles of modern
design.
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Rear Wheel Stands
The motorcyclist of today is fortunate in
having many devices included as standard equipment on the motorcycle he
purchases, that had to be bought as an
accessory or that could not be obtained
at any price with the early machines.
No motorcycle sold at the present time
would be considered complete without
an integral stand by which the rear
wheel can be raised from the ground
and the machine kept, upright when
left, by the rider.
It is not more than six years ago that
the portable stand which is now considered indispensable was unknown. If it
was necessary to stand the machine up,
it had to be leaned against some wall or
tree which did not always prove to be as
secure a backing as the rider wished,
because the machine might slip from its
upright position, and when the rider
returned to his mount he was just as
apt to find it lying on its side as in the
upright position that he left it in. If it
was necessary to raise the rear wheel
from the ground, as in changing a tire
or in making adjustments to the brake
or hub, considerable ingenuity was

Fig 225 Indian Rear Wheel Stand
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necessary to improvise a suitable support for the rear end
from a couple of boxes, odds
and ends of boards, or even
piles of bricks.
It is said that the first stand was
offered by the Hendee Manufacturing Company for use in connection with the Indian motorcycles, during the early part of
1908. This consisted of two
separate supporting members or
legs fitted with clamps designed
for attachment to the rear fork
stays and hinged so the leg
section could be folded up and
away from the ground when the
device was not in use.
While this was a big improvement, it had the grave defect
that it could not be used very
well on soft ground, as the limited amount of contact at the
lower portion of the legs would
permit one or the other to settle
into the earth, and either allow
the machine to fall over or
would permit the rear wheel tire
to drag against the ground when
the motorcycle was being tuned
up on the stand.

At the present time, the stands
are made with a cross piece at
the bottom, which not only
serves as a reinforcement but
which provides an added means
of support on soft ground.
A motorcycle stand must be
360

light, strong and rigid. It must
be applied so it can be swung
into place easily and securely
fastened out of the way when
not in use.
The stand at Fig. 225 is a tubular
construction employed on the
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Indian motorcycle. It is hinged at its
upper end to the slotted plate
member or rear hub carrier at the
point of intersection between the
rear forks and rear fork stays. Two
arms or projecting members of T
section are brazed to the stand
tubes, and are of such form that
they will rest against suitable stops
on the frame.
The stand at Fig. 226 is that used
on the Eagle, and is an automatic
type. Instead of tubing, channel
section steel with substantial bracing members and forged arms is
employed. The arms have a fork
end at their upper portion that
rests against; the frame tube when
the stand is in its operative position. A pair of tension springs are
provided to return the stand to the
position it occupies when not in
use, automatically as the motorcycle is pushed off of the stand.
The springs draw the member into
the stand retaining dip in the form
of a piece of spring steel securely
riveted to the lower portion of the
rear mud guard. The front, wheel
stand which forms an item of
equipment, on many European

machines and which has been
previously illustrated is not. supplied as a standard fitting on
any of the American types,
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though some have been fitted to
their machines by experienced
riders familiar with the advantages obtained through its use.
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Spring Forks
One of the first concessions made for
the comfort of the rider was the application of a resilient support, for the
front end of the frame in order that the
shock incidental to operation over
rough roads would be taken by springs
instead of transmitted directly to the
handlebars of the machine. This jarring
promoted fatigue because of the shocks
the rider’s arms received.
Even the earlier forms of saddles were
comfortable, inasmuch as they were
provided with fairly resilient, springs or
were well padded, so the attention of
the designer was directed first to spring
fork development on account of the
complaints of the riders of the vibration
at the handle bars. Spring forks have
been made in infinite variety, though
the object of all designers is to obtain
the resilient feature without sacrificing
strength unduly.
Two types of springs have been utilized
to take the shock imposed on the front
wheels.

Fig. 228 - Spring Case of Reading-Standard
Spring Forks - shows Load Carrying &
Recoil Check Springs
362
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When coil springs are employed they are
usually housed in casings of tubular
form, though with leaf spring the resilient member is necessarily exposed.
The fork used on the Yale motorcycle is
shown at Fig. 227. It consists of two
members, a fixed fork attached to the
steering head in the usual way, and a
movable fork.
An extension piece carried from the
fixed fork is mounted between springs
at the upper end of the movable member, while the lower portion is attached
at. the center of the hub carrying link
members. These are attached to the
wheel hubs at one end and fulcrum on
suitable bearing studs attached to the
fixed fork end at the other.
When the wheel encounters an obstacle,
the hub carrying link will move on the
supporting bearing, and will force the
movable member upward. This motion
is resisted by the extension forming part
of the fixed fork and by a spring carried
below the extension in the upper portion of the movable fork tube.

Fig 229 Leaf Spring on Eagle MC to
Control Movable Fork Member
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Another spring is mounted
above the extension in order to
prevent rapid rebound.
The sectional view of the spring
fork used on the Reading-Standard shown at Fig. 228 shows
another application of the spiral
spring principle.
The movable fork member is
attached to the hub carrying
links in the same manner as.
previously described, and carries two spring members inside
of a movable spring case which
is guided by a fixed spring case
attached to the upper portion of
the steering head.
The shock absorbing and recoil
check springs are clearly shown
and both arc thoroughly encased and protected inside of
the spring casing.
The application of the laminated
spring to secure resilient wheel
support was first tried out on the
Marsh-Metz motorcycles, and has
been retained on the modern
product manufactured by these
interests which is known as the
“Eagle” motorcycle.
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This construction is clearly
shown at Fig. 220. The front
hub is carried by links which
fulcrum on suitable bearings at
the end of the fixed fork assembly. Attached to the plate that
takes the place of the usual fork
crown is a six leaf spring, and
from the eye at the forward end
of this member a movable fork
member composed of two steel
rods passes to the front hub
carrier.
As the wheel is moved by irregularities on the road surface, it is
apparent that, the leaf spring
will be raised and that the
shock will be absorbed in this
manner.
The cradle spring fork which is an
important feature of design on the
Indian motorcycles is shown at
Fig. 230. The advantages claimed
for this type of spring include
maximum flexibility, which is said
to be produced by the curved end
of the lower leaves, and the quick
dampening of the oscillations or
absorbtion of rebound due to the
friction between the spring leaves.
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The spring fork of the Indian
motorcycle is of the trailing type,
which means that the hub axle
follows the forks instead of having the hub mounted ahead of
the fork as is also common
practice.
The advantage of the trailing
hub is not as clearly realized as
it should be. With the forms in
which the hub is carried ahead
of the fork, when the wheel is
raised, it is apt to produce an
upward movement of the entire
front end of the machine because a certain portion of the
shock is transmitted by the hub
carrier link directly to the fixed
fork members as the wheel surmounts the obstacle.
With the trailing hub construction, which is clearly outlined at
Fig. 230, any movement of the
wheel will affect only the shock
absorbing spring.
The advantage of the trailing
hub construction may be readily
grasped by comparing its action
to that of a wheelbarrow when it
passes over a raised object. If a
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wheelbarrow is pushed against
a curb, for instance, it will be
found difficult to force it over
the obstruction, whereas if it is
pulled over it will surmount a
high curb with comparatively
little effort on the part of the
person wheeling it. The usual
method of supporting the front
wheel ahead of the fork may be
likened to pushing a wheelbarrow over; the trailing hub action
is the same as when it is pulled
over the obstruction.
The fixed fork member of the
Indian machine is well braced
by a. tubular arch member extending from the top of the
steering column to the lower
portion of the fixed fork. The
hub carrier links are attached at
their front end to the fixed forks,
carry the wheel hub at their
center, and the movable forks at
the back end. The curved lower
leaf of the shock absorbing
spring provides a certain degree
of flexibility which makes the
wheel respond to slight irregularities of the road surface, and

Fig 230 Indian Cradle Spring Fork
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when greater resistance is encountered the entire spring is
brought in action because the
movable fork member exerts its
pressure against the lower leaf
at a point calculated to bring
the remainder of the spring
leaves in action.
The foreign spring forks vary
from the American designs, and
the preference seems to be for
coil springs as shock absorbing
members, which are invariably
exposed. A number of typical
English spring forks are shown
at Fig. 231. In the member outlined at A, the wheel is carried
in a substantial movable fork
member, that, is secured to the
member passing through the
steering head by means of distance links which permit a certain amount of up and down
motion, but which do not allow
the wheel to move backward
appreciably.
In most American designs, the
wheel may move backward as
well as up and down. At the
lower portion of the piece passing through the steering head a
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pair of spiral springs are mounted which are attached at their
lower ends to extensions brazed
to the fork tube.
When the wheel meets an obstruction, its upward motion is
resisted by the springs which
are under compression while
the violent rebound is checked
by the tension resistance of the
spring. in the form shown at B,
the fixed fork member is fulcrumed on a pair of links which
are attached to the piece passing through the steering head.
The shock absorbing spring is
also secured to the steering
head member and resists upward motion or vertical travel of
the fork member, which can
move in that plane as the distance links oscillate on their
bearings. The upward motion is
resisted by the upper coil spring
while the recoil is checked by a
suitable member at the lower
part of the steering head. Both
springs are under compression.
Another form which is very similar to the American design
366

de-picted at Fig. 228, without
enclosed springs, is shown at C.
In this, the lower of the two
springs is a compression member that is provided to absorb
the shock, while the shorter of
the two or upper spring is used
to check the recoil.
The hub in this construction is
carried in a movable fork member which is kept in proper relation with the fixed fork by suitable distance links. A point that
should be noted by the reader is
the system of applying a pair of
brakes that act against the front
wheel rim on all three of the
forks shown at Fig. 231.
This brake is actuated through
the medium of Bowden wire
control running to a suitable
handle on the steering bar. The
U-shape member carrying the
brake blocks or contact shoes is
guided at its lower ends by clips
secured to the fork side, while it
is steadied at the upper end by
a bearing through which the
wire or a lifting rod passes.
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Spring Supported Seat Post
After the springing of the front end has
been satisfactorily accomplished by the
use of spring forks some of the designers
began to consider the best method of eliminating the jar at the rear end of the machine. Some of the manufacturers have
adopted a resilient frame construction with
the idea that this would suspend the power
plant on springs, as well as the rider. Other makers contend that the spring supported saddle coupled with a resilient
spring fork is all that is needed to insure
comfort of the rider, and reduction of
shock on the machine.
The spring seat post attachment employed
on the Reading-Standard motorcycle has
demonstrated its efficiency and is very
simple. As is true of the spring fork previously described, the resilient support of
the saddle is attained by the use of coil
springs protected by and housed in a tubular housing hinged at its lower portion
just forward of the pedal crank hanger,
and maintained in proper position at the
upper end with a movable distance member or link.

Fig 232 Spring Supported Seat Post of the
Reading-Standard Motorcycle
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The seat post is extended to form a
plunger that is guided by a suitable
hearing at the upper end of the spring
housing. The long coil spring is the load
carrying member, while the shorter
spring at the upper end is a recoil check.
Another feature that tends to prevent too
rapid movement of the seat post is the
friction shock-absorbing hinge by which
the movable link is held to the scat post
tube.
The spring seat post used on the Eagle
motorcycle, and illustrated at Fig. 233, is
similar in construction to that just described, though it is different in detail
and application. The seat post is hinged
at its upper end to a clip attached to the
upper frame tube. It is adapted to bear
on a plunger member that projects
through the seat post tube, which also
serves to house the load-carrying and
recoil spring.
A simple application of a spring-supported
seat post is shown at Fig. 234. The forward
end of the seat post is hinged to the frame,
while the rear end is secured to a conical
spring that bears on a supporting member
attached to the rear fork.

Fig 233 - Spring Seat Post used on the Eagle
Motorcycle
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The method of mounting the saddle on the
Yale motorcycle, shown
at Fig. 235, is similar
except that two springs
are used, one at either
side of the seat post
tube in supporting the
saddle. These are coil
springs and are intended to supplement the
action of the members
with which the saddle
itself is provided.
Another application of a
spring seat post is shown
at Fig. 236, as applied to
the Fielbach motorcycle.
The saddle supporting
member is in the form of
a bell crank, the long
arm of which carries the
saddle, while the short
arm is attached to a
plunger that works
through the lower of the
two upper frame tubes
which serves as a housing to retain the loadcarrying and recoil-absorbing members.
371
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Spring Frames
There is a marked distinction
between spring scat. posts and
spring frames, and this is well
shown by comparing the two
different methods shown at Fig.
237. That at A is a simple spring
frame, which means that the
weight of the rider is carried by
a frame which in itself is capable of movement, and that the
same frame to which the power
plant is secured also directly
supports the weight of the rider.
The rear hub of the Pope motorcycle is mounted in simple forged
yokes that are guided by plungers
extending through bosses at the
end of the U-shape brackets
attached at the rear of the frame.
The heavy coil springs are under
tension and the tendency of the
upward movement of the rear
wheel when it strikes an obstruction is to extend rather than compress them. The spring supported
seat-post representative of the
other construction, shown at Fig.
237, B, also includes a coil spring
under tension.
372
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The seat post is guided by distance links, one end of the
spring being attached to the
frame, while the lower end is
secured to the movable seatpost member.
The cradle spring frame utilized
on the Indian motorcycle is conceded to be one of the biggest
steps forward ever made in the
development of the motorcycle
frame. The construction is not
unlike that of the spring fork
except that two load-carrying
springs are used, one at each
side of the wheel.
The wheel hub is carried in a
movable rear fork stay hinged at
its forward end to the lower
portion of the tube that takes
the place of the seat-post mast,
of conventional design frames.
The load-carrying springs are
attached to a semi-steel casting
member in the form of a horseshoe that takes the place of the
usual seat-post cluster.

Fig 238 Indian Chief Spring Frame
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A movable rear fork member is
attached to the springs in the
same manner as the movable
fork member of the spring fork
assembly is, and is hinged at its
lower portion to the hub-carrying plates.
It will be evident that with this
construction the rear wheel may
move independently of the main
portion of the frame that carries
the weight of the rider and the
power plant, and that the combination of this member with the
effective spring fork should not
only provide for maximum comfort of the rider but contribute
materially to the long life and
endurance of the mechanism by
insulating it from the destructive
road shocks in a much superior
manner to that which obtains in
the conventional construction
where the air-filled tire is the only
resilient support.
Two spring frame constructions
in which coil springs are used
are shown at Fig. 239. That at A
is the form used on the Merkel,
and has been a feature of this
machine for several years.

The rear portion of the frame,
which is comprised of the forks
and rear-fork stays, operates in
the same manner as the spring
forks in which the enclosed coil
springs are used. The rear-fork
stay members are employed to
house the coil springs, while
the front end of the fork as374

sembly is hinged to the crank
hanger in order to permit free
movement, of the rear portion
of the frame.
The method of incorporating a
heavy compression spring in
the frame of the N. S. U. motorcycle, a foreign design, is
shown at Fig. 239, B.
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The application of ‘four laminated leaf springs to support the
rear wheel of an English fourcylinder motorcycle employing
worm drive is shown at Fig. 240.
In view of what has been presented before, and the complete
explanations that have been
given of spring fork and spring
frame action, the method of
operation of these various forms
should be clearly grasped.

Saddles and Tandem
Attachments
The first motorcycle included
practically all the parts of the
bicycle without much change and
it was some time before some of
the parts were .altered or enlarged, even after considerable
improvement had been made in
motor design and in the construction of the mechanism.
One of the fittings that was not
changed for several years because the designers had all they
could do to make the mechanism reliable was the support or
saddle for the rider. The saddles

that had been used in bicycles
were of simple form, usually
consisting of a light wooden or
steel frame covered with leather;
in some cases a padding would
375

be interposed between the
leather covering and the base.
Bicycle saddles were narrow,
and they were very satisfactory
on those machines where the
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riders weight was distributed to
some extent, on the crank hanger through the efforts made and
pressure applied to the pedals
to propel the vehicle.
With the motorcycle, the rider
did not have to pedal any more
than was necessary to start the
machine, which meant that
practically all of his weight
would rest on the saddle.
Several forms of bicycle saddles
were made that provided a wide
support, but it was found that
these materially interfered with
the effective action of the rider’s
limbs when pedaling. This objection did not obtain in the
motorcycle and the saddles were
gradually increased in size, both
in length and in width, until the
forms used today provide a
secure and comfortable seat.

seat on a machine going 35 or 40
miles an hour than was the case
when traveling but one-third that
speed on a bicycle. The saddle
manufacturer was not slow in
devising wide seats that were
provided with substantial spring
members in order to make them
easy riding.

upon the coil springs at the rear
of the saddle. The form shown at
B is similar in construction as far
as the frame work is concerned,
except that the seat is formed to
conform to the anatomy of the
average rider and has a padded
cushion interposed between the
leather covering and the metal
Two modern saddles are shown at frame.
It was not desirable to have a very Fig. 241. That at A consists esThe arrangement of the springs
resilient saddle on a bicycle besentially of a metal frame over
used to support the rider in the
cause the spring detracted some- which a leather scat is placed, the
usual motorcycle saddle as well
what from the effectiveness of the leather being kept under tension
as the general construction of
pedaling. On a motorcycle, howby the coil spring at the front end. the form in which coil springs
ever, it was soon learned that it
This spring gives somewhat under are used is clearly outlined at
was much more uncomfortable to the rider’s weight, though the
Fig. 242, A.
sit on an inflexible non-yielding
main reliance for easy riding is
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The metal frame work with
the leather coverings removed to show the arrangement, of the parts of
the Persons Champion
Saddle is shown at Fig.
243. Coil springs are not
the only type that have
been adopted in saddle
construction. A form in
which leaf springs are used
to support the rider’s
weight, is shown at Fig.
242, B. Practically all saddles are provided with an
adjustable clamp that permits of tilting the saddle to
some extent and moving it
back and forth on the seat
post tube to adjust the seat
member for different builds
of riders.

The reason for discarding the
tandem was that the machine was unwieldy and hard
to handle if but one person
was riding. For this reason,
tandem attachments that
would convert the ordinary
form of one-passenger motorcycle so that two people
can be carried effectively
have been evolved.

While some of the early
motorcycles were made in
a tandem form, i.e., just
the same as the two-passenger bicycler except for
the addition of the power
plant, this form of construction is now abandoned.
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A typical tandem attachment
removed from the machine is
shown at Fig. 244, while a
similar device attached is depicted at Fig. 245.
The tandem attachment in its
simplest form consists merely
of a supplementary rear fork
member carrying a pair of footrests or pedals at its lower end,
and a saddle at the upper part.
A brace extends from the top of
the fork to the seat, post cluster of the machine, and in most
cases this brace carries a pair
of non-movable handle bars by
which the passenger may
steady himself.

Fig 244 - Tandem Attachment
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Why Powerful Brakes are
Necessary
It is now generally conceded
by manufacturer and rider
alike that the motorcycle of
today is practically a twowheeled automobile capable
of speeds rarely attained by
the larger conveyance.
Engines used are rated at
from 7 to 9 horsepower, and
these will usually develop
twice their nominal rating.
Larger motors call for heavier
frames to carry them and the
rider safely, more powerful
transmission systems are
fitted and spring frame and
forks are also required to
insure comfortable riding at
high speeds over ordinary
roads.
All control elements must also
be designed with a view of
giving the rider positive mastery of the machine.
When one considers the momentum it is possible to attain with a vehicle weighing,
with average rider, nearly 100
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pounds, and capable of a speed of
75 miles per hour in many cases,
the need of a positive retarding
member or brake can be properly
realized.
Brakes designed primarily for
bicycle service and increased in
size without due regard to the
stresses obtaining in motorcycles,
cannot work adequately or prove
enduring.
The brake as well as the other
parts of the machine must be
increased in size and capacity to
correspond in efficiency to the
larger power plants now fitted.
The problem is therefore essentially one of automobile design, and
can only be solved by a correct
application of motorcar engineering principles.

Why Coasting, Driving and
Braking Hub is Used
One of the most important accessories developed for the bicycle
trade, and one which has contributed materially to the expansion of
that business by promoting the
381

comfort and safety of the rider
was the coasting and braking
hub.
In this device, the motorcycle
manufacturer obtained a rear
hub construction, already highly
developed, that was just as well
suited in principle to motorcycle
use as it was to the bicycle,
though applied in a slightly
different manner in bicycle service, it is provided to give the
rider an opportunity to stop
pedaling on down grades or
smooth roads with favoring
winds, and yet permits him to
keep control of the bicycle, because a slight back pedal action
applied a brake to the wheel.
On a motor-propelled cycle the
motor does the driving normally,
and the pedals are only brought
in action when it is desired to
propel the machine by foot power to start the motor. As soon as
the engine starts, the coasting
feature comes into play, and the
action is just the same as
though the rider of a foot-propelled cycle was taking advantage of down grade. The pedals
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provide a rest for the feet, and
the back pedaling or reverse
pressure begins to bring the
brake in action any time it is
necessary to retard the speed of
the machine.
The rear sprocket of a chaindrive machine is attached directly to the hub shell, the belt
pulley, if that system of transmission is used, can be secured
to wheel rim or to hub shell, as
desired.
The only difference in principle
between a coaster hub intended
for motorcycle work and the similar device made for bicycles is
that two methods of driving the
rear wheel are provided, one by
mechanical power to a member
rigidly secured to the hub shell,
the other by foot power through
the medium of a friction clutch
that automatically engages the
hub shell interior as soon as the
pedals are pushed forward.
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Requirements of Pedal
Drive Mechanism
The requirements of the pedal
drive mechanism are well known
at the present time, and that
employed has demonstrated its
correctness in theory and
prac-tical application by years of
actual use in millions of bicycles.
The basic principle of the spirally threaded member and laterally shiftable connector to drive
the hub, declutch to provide a
free wheel and to apply the
brake by further movement has
been developed in this country
to a state of practical perfection.
The best argument in favor of
this pedal drive mechanism is
that a simple and successful
coaster brake cannot be built
without incorporating this system, and that all devices on the
market embody this principle.
The construction is such that
the hub is driven smoothly and
positively whenever the pedals
are rotated forward, the hub is
free to rotate independently of
382

the pedal drive sprocket as soon
as the feet cease rotating and a.
reverse motion of the pedals or
back pedaling action will apply
the brake without slipping.
Coaster brakes have been made
with ratchets, ball or roll clutches, etc., but these have not been
as successful, reliable or enduring as the double taper cone
principle of driving and brake
actuation universally applied.

What Brake End Should Do
While the requirements of the
pedal drive mechanism were
well understood, the principles
making for efficient brake action
of motorcycle hubs were not
realized so completely, and it is
on this portion of the mechanism that most manufacturers
disagree.
To begin with, the essential
requirement, is that the brake
member be capable of retarding
the cycle velocity to any degree
from a simple and momentary
slowing down to a quick, emergency stop.
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This condition is not hard to
meet, almost any form of brake
will do it, when new, clean and
in proper adjustment. The successful and really practical
brake must be one that will
provide this essential prompt
braking action but it must do it
in a gradual manner, because a
harsh acting brake will impose
injurious stresses in the entire
mechanism of brake and related
wheel and frame parts.
The practical brake should be a
form that will not need constant
adjustment, the essential mechanism should be thoroughly
protected from the abrading
influence of road dirt, the brake
member should be housed in
and supported in a manner that
will preclude liability of rattling.
The brake parts should be of
material that will not only have
a high degree of resistance to
wear in service, but the members that come in contact to
provide the braking action
should also have a high degree
of frictional adhesion because it
is the absorption of power by
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the frictional contact that retards the momentum of the
machine.
The design of the brake end
should be such that the parts
will not drag or tend to engage
each other when the brake is
released, and the arrangement
of braking members should be
such as to provide immediate
cessation of braking effort as
soon as the pressure exerted by
the rider on the actuating members ceases.
While the brake should be easy
to apply so the maximum braking effect will be obtained without too much effort on the part
of the rider, at the same time,
the brake should not be so sensitive that it can be applied
inadvertently through unconscious back pedaling. The ability
of the brake end to function
properly even though flooded
with the oil or grease used in
lubricating the hub bearings
and interior mechanism is also
essential.
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Let us carefully consider the force
needed to afford positive control
of the modern motorcycle, then
become familiar with the principle
of braking action, and a careful
analysis of the construction of
various types of brakes will permit the rider to form his own
conclusions regarding the type
that best meets all of the requirements previously enumerated.

Force Required at Brake
The most any brake can do is to
skid the wheel to which it is
applied. If it can accomplish
this, it is adequate to cope with
any of the normal operating
conditions. The amount of force
needed to lock the wheel depends upon the amount of the
total weight of the machine
supported by the wheel to which
the braking effort is applied,
and the relative diameters of
wheel and brake member.
Much less force will be needed
to stop a wheel if the brake is
applied near the tire than if it
acts near the axle.
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Structural limitations make it
necessary to locate the brake in
the hub so it can be actuated
positively by back pedaling
mechanism that will be entirely
protected and properly lubricated but at, the same time it is
possible to follow automobile
practice and provide a drum for
the brake to act against, that
will be of such diameter that the
wheel may be controlled without
too much exertion on the part of
the rider, or producing undue
stress on the brake members.
Assume that the machine we
are to stop is a powerful twin
weighing 250 pounds with tandem attachment and carrying a
passenger load of 300 pounds,
that being the weight of two
average riders. This makes a
total of 550 pounds, and we can
justly assume that 450 pounds
will be supported by the rear
wheel. The amount of adhesion
between the tire and the ground
is generally taken as 60 per cent
of the weight on the wheel, so
we will have traction enough so
a retarding force must be ap-
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plied at the brake drum equivalent to the adhesive force of 270
pounds at point of contact between wheel tire and the
ground.
If the wheel is 28 inches in diameter, it will have a radius of
14 inches. The moment at the
axle center due to the leverage
factor would be the adhesive
pressure times wheel radius
which would give a value of
3,780 inch pounds at 1 inch
from wheel center.
If the brake had an effective
diameter of but 3 inches, as
would be the case if it. was carried in the hub shell, we would
be forced to apply a retarding
effect of 2,520 pounds to lock
the wheel.
With a brake drum 6 inches in
diameter, it would take only
1,260 pounds retarding force to
skid the wheel. If a brake block
was applied directly to the tire,
it would take but 270 pounds
adhesive force, or the same
amount as maintains traction,
to stop the driving member.
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It will be apparent that the larger diameter brake members
require less effort to stop the
wheel than those forms in which
the braking effect is exerted
near the axle. This use of a large
brake drum not only makes for
easier brake operation on the
part of the rider but conduces to
longer life of the parts because
of the lessened stresses on the
brake anchorage members and
also lower unit stress on the
materials in contact.
While it is very desirable to have
a compact brake assembly, still
it is more important to use the
requisite proportions that will
insure positive braking under all
conditions even if compactness
and lightness are sacrificed by
making the brake drum and
brake shoes of adequate diameter, and all parts heavy enough
so they will have an ample margin of safety over the actual
requirements.
Where human life and safety are
concerned, it is best to err on
the safe side, and the addition
of a few ounces of metal is
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sometimes all that is needed to
make a part of doubtful strength
one with a large enough margin
to guard against the weakening
influence of hidden flaws or
insure against breakage when
subjected to abnormal stress.
At the other hand, the brake
parts require careful designing
to keep the weight down and
retain strength, and materials of
construction must be selected
intelligently to insure absolute
reliability and endurance.
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coefficient of friction existing,
which varies with the nature of
the materials in contact, the
effective diameter of the brake
members and the pressure
holding the parts together. We
have seen why large diameters
are more desirable than small
ones.
The amount of surface in the
brake is not as important as
effective diameter, because the
braking effort depends primarily
upon the diameter of the surfaces rather than their width.

For example, there would be no
difference in braking efficiency
The friction form of brake is that as relates to retarding power
generally applied to all forms of
between a brake band 1/4 inch
vehicles. The principle of action wide or 2 inches wide if the
may be concisely expressed by
diameter was the same.
saying that if a fixed member is
The wider brake band would
brought to hear against a rotatprovide an important advantage
ing one, the friction between
of having greater life because
them will bring the one iii mothe braking pressure would be
tion to a stop.
distributed over a larger area. It
The time needed to stop a rotat- would not be any more effective
ing body depends entirely upon
as a brake, however, than the
the amount of friction present
narrower member. It is generally
between the braking members.
believed that braking power
This in turn depends upon the

Principle of Brake Action
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depends upon the surface in
contact, but this is not true.
A brake of small diameter might
have three times the surface of
one of twice the diameter, yet
the one with lesser surface
would be twice as effective as a
brake. The capable designer will
always endeavor to provide surface enough to prevent undue
depreciation, and will employ
materials in contact that will
have a high degree of resistance
to deformation.

In some forms of brakes, however, the large amount of surface
provided is an actual detriment
to efficient brake action and
serves no useful purpose.
The materials employed for
brake depend largely upon the
design, and in every case these
should be chosen with two considerations in mind, the most
important being the endurance
of the material and ability to
keep its shape under pressure
as well as high degree of resistance to abrasion.
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The material should not be affected by the heat generated when
the brake is used, nor should it
become decom-posed or its efficiency reduced materially by oil
deposits. Another consideration,
but one of secondary importance,
if it calls for the sacrifice of the
qualities previously enumerated,
is to employ sub-stances having a
high degree of frictional adhesion.

Friction Coefficient of
Various Materials
In brake design, engineers must
seek to increase friction, whereas in bearing con-struction every effort is made to reduce it.
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expenditure of power to overcome. As a rule, augmenting the
pressure will increase the friction, while lessening the load
will reduce it.
Friction increases with the ronghn s
of surfaces in contact and decreases as they become smoother. Friction tends to bring everything in
motion to a state of rest, and, in so
doing, mechanical energy is converted into heat which is dissipated
and lost.
A simple experiment to show
what coefficient of friction
means can be made by anyone.
This consists of drawing a block
of iron or other metal across a
wood table top by means of
weights suspended by a cord
passing over a pulley at the edge
of the table, and then attached
to the block, in order to avoid a
sharp bend and eliminate lost
energy as much as possible.

The following brief notes on the
characteristics of friction and a
definition of the meaning of
friction coefficient will permit
even the reader not thoroughly
posted on mechanical subjects
to understand clearly what is
Assuming the , block is smooth,
meant when the terms are used. also the surface of the table, the
first trial can be made with the
Friction acts on all matter in
surfaces absolutely dry.
motion, and is present as a
retarding influence that requires
386

Weights are added to the cord
until enough have been placed
thereon to move the block on
the table, The weight required
to move the block divided by
the weight of the block will equal
the coefficient of friction for
those surfaces.
If the bock of metal weighs 50
pounds, and the amount of weight
necessary to move it is 25
pounds, the coefficient of friction
is 25 divided by 50, or 0.50.
If the surface of the table is
greased with tallow, and the
under surface of the block
covered with oil, it will be
found that considerably less
weight will be needed to move
the block, proving that the
friction has been reduced by
lubrication.
This explains why it is desirable
to lubricate bearings, whereas
on first thought it would seem
that, the best braking effort;
would occur between perfectly
dry materials.
It would also appear that the
softer and rougher materials
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which have greater friction
would be better for brake construction than hard and smooth
ones. This would be true if braking effect was all that was to be
looked for, and if the factors of
gradual application of retarding
force and endurance of brake
members could be disregarded.
As it is important that depreciation be reduced to a minimum,
and that all shock should be
avoided when braking, one can
see a logical reason for the use of
materials that would have less
friction adhesion though greater
resistance to wear, and which
provide smoother brake action.
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cent of the pressure maintaining
the parts in engagement will be
available for stopping brake
drum rotation.
If the asbestos fabric works
against an oily surface, the frictional adhesion or braking force
is reduced to but one-eighth of
the pressure keeping the parts
together.
Asbestos fabric is a soft, yielding
material that is very effective if
used as an external brake, but
it is entirely unsuited for use
where much oil is present.

While it provides a gradual
braking action, it is not capable
of withstanding as high unit
The materials ordinarily used
pressures as metal, so a larger
for brakes and their friction
surface must be provided to
coefficients follow:
insure against untimely depreciAsbestos Fabric on Dry Metal 0.30 ation.
Asbestos Fabric on Oily Metal 0.12
Metal to Dry Metal

0.15

Metal to Oily Metal

0.07

These values mean that if an
asbestos fabric block or band
bears against a dry metal drum,
less than one-third or 30 per

As it is a rough-surfaced material that depreciates as used,
constant, adjustment and renewal will be necessary to keep
the brake in a satisfactory condition.
For this reason, this material is
better adapted to external con387

stricting band brakes than to
other forms, because it, can be
easily reached for adjustment,
and it will be free from oil deposits.
A metal is always used as one
brake member, usually the
rotating one, and sometimes it
is used for both members, fixed
as well as movable. While metal
does not possess as much friction as the asbestos fabrics, it
does not depreciate through
action of oil, and it can be used
with higher unit pressures than
the softer fabric.
The surface need not be so great
if the metals are properly selected. When used in motorcycle
brakes, the revolving metal
drum is usually harder than the
fixed shoes or retarding members, and in all cases efforts are
made to use different metals in
combination such as bronze
against steel.
The metals are much more enduring if lubricated, and the oil
film serves to cushion the shock
of braking by providing gradual
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application, as well as reducing
the liability of dragging or heating, when brake members are
released, should there be slight
frictional contact between them.
Metal brake shoes or discs are
therefore better suited for internal
brakes than asbestos fabric faced
bands, if there is as much oil
present, as exists in motorcycle
hubs.

Leading Types of Brakes
The most common forms of
brake are the various band or
shoe types, and the braking
members may act against, either the inner or outer drum
peripheries.
The external band forms, shown
at Figs. 246 to 248 inclusive,
tighten around the drum, the
internal form as Fig. 249 expands
inside the drum or hub shell.
There is still another form of
external brake in which a fric-

Fig 246 - External Constricting
Band Brake used on HarleyDavidson Belt Drive Model
388
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tion block bears against the
wheel rim or the belt pulley
when that method of driving is
employed.
The external band is usually a
flat steel strip faced with asbestos fabric which is sometimes
made wedge shaped (Fig. 250)
where it fits into the brake drum
to provide greater frictional
adhesion.
The wedge-shape band offers an
important advantage, in that it
provides a positive grip, but it
has an equally great disadvantage in that it is apt to engage
too suddenly, and then again it,
may wedge in place so tightly
that the spring provided to release it will not be effective, and
it must be pried out of the Vgroove in brake drum. The flat
band provides more gradual
braking, and if made of proper
diameter is amply effective.

used in this country only for
emergency brake service, being
controlled by a separate pedal
distinct from those utilized in
driving the hub.

The external brakes have a
great disadvant age, inasmuch
The brake block form shown at
as they are exposed to dirt and
Fig. 252 has the fault that it
collect this matter which arts as
cannot be easily operated
all abrasive that promotes wear
through the pedals, or incorporated as a part of the hub. It is a of friction material and drum.
They are also liable to become
separate attachment that is
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loose and rattle, and they all
have more small parts than the
simple internal shoe forms.
While these external brakes are
good, they are not ideal by any
means, and if only one brake
member is fitted this should be
preferably of the internal form.
A combination of two brakes,
one internal and one external, is
provided on some machines, as
shown at Fig. 251.
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The internal brakes are offered
in threes classifications. The
form using a pair of shoes expanded in a drum by a cans is
the most popular.
The internal ring form, in which
the fixed member acts against
the inside of the hub shell, is at
a disadvantage on account of its
small diameter and the great
wear due to the excessive pressure necessary to have it grip
the hub shell interior with sufficient force to stop the wheel
positively. These also are a form
that will nut release promptly at
all times, and are likely to stick
if applied too suddenly.
The multiple disc brake (Fig.
255) is a form in which a large
number of braking members are
used, one-half being rotatable
with the hub shell, the others
being fixed to the axle.
Suitable mechanism is interposed between the pedals and
discs so the brake elements are
brought together with considerable degree of pressure. This
form of brake, if copiously lubri-

cated, will provide smooth brake
application, and also offers a
large amount of frictional surface. It has the disadvantage of
not always releasing promptly,
because as the oil is squeezed
from between the discs by the
braking pressure, the plates
tend to adhere together when
pressure is released because of
the partial vacuum existing
between them.
390

If lubrication is neglected, or if
the brake is used for long periods, as in mountainous sections, there will be sufficient
heat generated by the braking
friction to cut or roughen the
discs, and even to actually deform them.
Under such conditions, the
brake becomes harsh in action,
no matter how much oil is used,
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and will also drag even when
released because the rough
surfaces have myriads of microscopic projections that tend to
interlock as the movable discs
revolve by the fixed members.
The internal brake in which bronze
shoes of ample size are brought
into engagement with a hardened
steel drum interior offers a large
number of advantages.
To enumerate these briefly, we
have:
First, utmost simplicity;
second, strong parts;
third, high retarding power;
fourth, freedom from dragging;
fifth, efficient braking with oil
between the surfaces;
sixth, gradual or immediate
brake application as desired;
seventh, all brake parts lubricated and kept cleats;
eighth, complete enclosure of
brake members;
ninth, absolutely prompt release
of brake shoes;
tenth, braking force obtained by
minimum effort;

eleventh, brake actuated directly from pedals by strong,
simple mechanism; and
twelfth, maximum endurance
because of the ability of the
bronze shoes to resist wear due
to abrasion better than any other
material and practical indestruc391

tibility of the hardened steel
brake drum.
This endurance is augmented by
the oil always present between
brake surface’s and the lessened
strain on the parts, because the oil
film absorbs the first shuck due to
brake application.
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Operation of Typical
Braking and Coasting Hub
The New Departure, Model L,
has been devised with special
reference to the requirements of
motorcycle service. As will be
evident from in-spection of illustration, Fig. 256, the general
construction of the pedal drive
mechanism follows the wellestablished practice except that
all parts are heavier and stronger than anything devised to
date. Beginning with a 5/8 inch
diameter axle, the entire mechanism has been
augmented in size to conform to
automobile rules of practice
rather than adhering to bicycle
construction. The ball bearings
are large enough for the wheel
of an automobile, and, in addition to the use of large balls, an
automobile type or heavy separator is utilized.
Referring to the illustration, we
see that the main portion of the
device is a hub shell carrying a
brake drum and flanges to
which the spokes are secured.

The outer ball races are formed
in the hub shell, which is glass
hard at the point where the
balls run. The brake drum is a
steel stamping 6 inches in diameter, and securely attached to
the hub shell flange by a pro392

cess of electric spot welding,
which fuses the members at a
number of points to form an
intimate bond between them.
Contrast this to the usual method of riveting or keying such a
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member in place and it will be
apparent that every precaution
has been taken to avoid any
trouble from loose fastenings. In
the chain drive type the sprocket-retaining flange is secured to
the brake drum by the same
process.
The pedal-chain sprocket is
attached to a rotatable member
supported on an adjustable ball
bearing, and at the inner end
the member is provided with a
spiral thread.
This male thread fits into a
corresponding female portion in
the laterally shiftable member,
and the angle of the thread is
such that when the pedal
sprocket is rotated forward, the
spiral draws the shiftable member against the tapering female
clutch member forming part of
the hub shell.
The clutching action connects
the sprocket to the hub and
rotates it. If the pedals are held
from moving, the clutch releases
automatically, and the hub shell
can run independently of the
foot pedal mechanism.
393
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If the foot action is reversed, or
the pedal sprocket rotated backward, the female clutch member
in the inner portion of the laterally shiftable connector will be
forced tightly against the male
taper of the brake cam-lever
actuator, which can oscillate on
the axle only in the direction
necessary to apply the brake.
If one refers to sketch of brake
end at Fig. 257, it will be seen
that the oscillating motion of the
actuator transmits a similar
motion to the end of the lever of
which the brake shoe spreader
cam forms a part.
Any displacement of the care
will spread the brake shoes
apart, and they will fulcrum on
the supporting pin secured to
the brake end plate. The brake
shoes then take up the clearance existing between their
outer surface and the inner
surface of the drum, and exert a
retarding effect in proportion to
the amount of pressure applied
by back pedaling.
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As soon as the back pedaling
pressure is released, the springs
serve to bring the brake shoes
out of engagement immediately.
The upper one holds the brake
shoes firmly against the cam,
the lower one returns the cam
lever back against its stop and
also brings the oscillating actuator back in position ready for
further brake application when
the laterally shiftable member
clutches it.
The brake shoes and spreader
cam are carried by a drop forged
steel plate which has an arm
formed integrally that is intended to be attached to the frame
members and serve as an anchorage to prevent brake shoe
rotation.

How Rider’s Effort is
Multiplied
A diagram is presented at Fig.
258 for the benefit of those mechanically disposed, which
demon-strates clearly how the
pressure of the rider’s foot on
the pedal is multiplied, and how

much pressure is available between brake shoes and drum to
stop the wheel. This shows the
effectiveness and correct design
of the internal brake, and how
positive control is obtained with
but little effort.
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In this case, we have assumed
that the total weight of a heavy
motorcycle, tandem attachment
and two heavy riders is 600
pounds.
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The amount of braking force
required at wheel rim is equal to
36 per cent of the total weight,
or 216 pounds, which represents the adhesion between tire
and ground. This is not an extreme case, as the modern motorcycle and two large riders
would easily weigh 600 pounds,
and a brake must be desigrned
with the abnormal service it
may be subjected to in mind
rather than the average if it is to
he relied on to cope with the
unexpected emergency.
Almost any rider can exert a back
pedal pressure of 100 pounds. This
is applied at. the end of a 6-inch
pedal crank, and if the front
sprocket is 5.4 inches in diameter,
a pull of 222 pounds is applied to
the chain. This is directed to a
sprocket having a radius of 2.2
inches, which is equivalent to a
moment of 488-inch pounds at 1
inch from axle center. Owing to the
point where the spreader-cam lever
end bears against the brake shoes
being less than 1 inch from axle
center, we have an effective force of
601 pounds at the end of the lever.

The difference in length between
lever and spreader cam further
com-pounds the pressure, and if
we consider all the load concentrated against one brake shoe
for simplicity, we find that we
have an effective spreading force
of 3,606 pounds at the end of
the brake shoe.
The brake shoe is really a
curved lever, so at a point halfway between where the cant
bears and the fulcrum pin, we
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find that it is possible to exert a
pressure of 7,165 pounds.
All of this is not available for
braking, however, because if we
consider the coefficient of friction, we will have an effective
retarding force of 1,075 pounds
at the brake drum, and this, in
turn, is equivalent to a retarding
force of 230 pounls at contact
point of wheel tire and road
surface, which is at 14 inches
radius, or considerably more
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than is needled to
skid the wheel. If a
rider is alone, a back
pedaling pressure of
about 50 pounds
would suffice to lock
the wheel.
It will be apparent,
that positive control
with minimum exertion on part of the
rider is possible,
because the initial
force is compounded
many times by the
simple and strong
leverage provided.
Obviously, the brake
force can be varied
at will and is entirely
within the control of
the rider.
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Motorcycle Tires
The single tube tires used on
bicycles did not have sufficient
resistance to perform satisfactorily on motorcycles, and also
had the grave disadvantage of
being difficult to repair.
The double tube tire which was
used to some extent in bicycle
practice was strengthened and
made larger, and adapted for
the heavier vehicle. This construction consists essentially of
two members, an outer casing
or shoe, and an inner tube that
is depended on to retain the air.
The outer casing is attached to
the rim in such a way that it may
be easily removed to gain access
to the inner tube. In event of a
small puncture, the patch is
applied to the inner tube member, and the outer casing need
not receive attention until a more
convenient time.
A typical outer casing is shown at
Fig. 259, A, and it consists essentially of a carcass or body composed of layers of Sea Island
cotton fabric impregnated with
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rubber. A number of plies of this
fabric are placed around a suitable iron core with vulcanizing
cement between each layer, and
over these are attached a number
of layers of rubber composition
that forms the tread of the tires.

rubber, and is therefore adapted for holding air, though the
material of which it is composed is too soft to possess any
strength. or resistance to abrasion, which must be provided
by the outer casings.

After being built up, the assembly is placed in a steam heater
and vulcanized or cured until it
is practically a solid mass.

Inner tubes are made in two
forms, the continuous or onepiece type, which is the same
as that so generally used on
automobiles, and the jointed or
butt end form as shown at Fig.
259, 13 and C, over.

The casing is provided with
beads around the inside which
are intended to fit into channels
in the rim. When the inner
tubes are inflated, the beads will
be forced tightly into the clincher rim and the tare will be held
positively in place. To remove
the outer casing, it is necessary
to deflate the tire.
The outer or tread portion,
which is the part of the tire that
is in contact with the road surface, is made of exceptionally
tough rubber compound which
is not apt to depreciate rapidly.
The inner tube, upon which the
resiliency of the tire depends,
is composed of practically pure
400

In the former, the joint is made
by slipping one end of the tube
into the other, and when the tube
is inflated the collar member will
be forced out tightly against the
inner face of the retaining member on the other end, and an airtight joint will be obtained. In the
form shown at. C, the inner tube
is a closed end form, and has a
tapering end that is intended to
fit into a corresponding female
member at the other.
The advantage of the jointed
inner tube is that it may be
removed from the wheel without taking that member out of
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the frame which obviously is
not possible with a one-piece
inner tube.
The form shown at. B, however, is apt to leak to some ex-
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tent, and if the jointed inner
tube is used, the form shown
at C is preferred. The ends of
the tube in contact are also apt
to chafe and leak.
401
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Sidecar Advantages
While the tandem attachment is
an inexpensive solution of the
passenger-carrying problem, it
is not the most satisfactory
because it is not a really practical means of carrying an elderly
person or one of the fair sex.
The occupant of the tandem
attachment may throw a machine out of balance by moving
around, and may seriously interfere with the proper control of
the machine by the rider, unless
very careful and experienced.
Then again, it is difficult to carry on a conversation between
the motorcycle rider and the
tandem passenger, so this device is not as sociable as the
sidecar.
The sidecar is a simple onewheel framework that may be
readily clamped to the motorcycle, and which carries a seat of
comfortable proportions that will
provide thorough protection for
the passenger. When a sidecar
is used, it is imperative to employ a machine of ample power,

and it is necessary to use a twospeed gear to secure proper
results when touring.
A typical side car attached to a
motorcycle is shown at Fig. 260,
and it will be apparent that the
three-wheel vehicle thus provid402

ed is much more sociable than
the tandem attachment, and
also much more comfortable for
the passenger.
Owing to the three-point support, neither the rider nor the
passenger need concern them-
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selves with maintaining balance,
as it is impossible for the machine to tip over. It costs but
very little more to use the side
car than it, does to ride the
machine without this attachment.
An important advantage of the
sick ear construction is that this
member may be readily removed
at, such times that, the motorcycle alone is to be used.

Forms of Sidecar
There are two main types of
sidecars, the rigid and the caster wheel, both forms being
shown at Fig. 261.
In the rigid wheel type, the outboard supporting member revolves on a fixed axle and is
capable of only a rotary movement.
In the caster wheel form, the
outboard supporting member is
carried in a fork supported by a
ball bearing steering head so the
wheel may turn automatically in
the same direction as the front,
wheel of the motorcycle. Experi-

enced users of sidecars are
inclined to favor the rigid type,
as it, is claimed, it is simpler,
and if properly alined with the
motorcycle frame there will be
but little more wear on the tire
than is evidenced in the caster
wheel type.
The form with the movable
wheel is easier to steer however,
403

owing to the wheel automatically
assuming the angle required to
describe the curve made when
turning corners.
A sidecar of American design
which has attracted some attention on account of the novel
construction is shown at Fig.
262. This is a flexible form in
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which it, is possible for the rider
of the motorcycle to lean when
turning corners just as though
the sidecar was not fitted to the
motorcycle.
The wheel of the sidecar is carried on an axle spindle supported by a hinged member from
which the lever B extends. This
is joined with lever A on the
other end of the axle by a rod
passing through the hollow tube
forming the rear frame member.
Any inclination of the motorcycle wheel will produce a corresponding movement of the sidecar wheel, as lever A controlled
by the motorcycle will transmit
its motion to lever B that controls the sidecar wheel.
A locking lever is provided so
the wheels will remain vertical,
and the same effect obtain as
with the rigid type sidecar, if
desired. It is claimed that, the
flexible feature makes the machine easier to steer than the
usual rigid type.
The sidecar frame may he fitted
with a variety of bodies depend-

ing upon the preference of the
purchaser, ranging from the
simple chair form, shown at
Figs. 261 and 263, to the more
404

expensive coach-built body designs, such as shown at Fig.
260.
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Sidecar Attachment
The chassis of a typical side ear
with the body removed is shown
at Fig. 264 to outline the method of attachment ordinarily
followed.
Clamps are provided on the
motorcycle frame at two points,
one at the front end of the diagonal tube, just, below the frame
cross bar, and one on the rear
fork stay, just a little ahead of
the motorcycle rear wheel axle.
The front end of the side car
chassis is carried by a curved
tube extending from the clamp
on the frame tube to a similar
clamping member at the front,
end of the sidecar.
A yoke at the end of the sidecar
axle attaches to the clamp at
the rear end of the motorcycle,
and a cross bar or brace extends from the seat post cluster
of the motorcycle to a point on
the axle of the side car adjacent
to the supporting wheel.
When the clamps are firmly
secured a very strong and rigid

frame structure is obtained, and
the motorcycle and its side car
attachment are practically one
structure.
Considerable care is needed in
fitting a sidecar, because difficulty will be experienced in
steering if the wheel of the motorcycle and that of the sidecar
are not in proper alinement.
This means that not only the
wheel centers must coincide but
405

that the front end of the sidecar
wheel must be separated from a
similar point on the motorcycle
wheel by exactly the same
amount of space as obtains at
the rear end.
In other words, the sidecar
wheel must be parallel to the
motorcycle wheel and a line
drawn through the axle centers
of both wheels must also coincide.
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The method of
lining up a
sidecar with a
straight edge is
shown at Fig.
265, A.
If the wheel of a
sidecar is set
ahead of that of
the motorcycle
or if it is not
parallel, steering will be very
difficult because the wheel
will not roll
around on an
are of a circle
but will move
with a combined rolling
and sliding
motion as indicated by the
dotted lines at
Fig. 265, B.
The diagrams presented at C will show a
method of sidecar operation recommended
by an English authority in order to secure
easier steering.

407

Even if the sidecar is perfectly lined
up, some difficulty may be experienced in steering, though after a
rider becomes proficient, it will not
be a difficult matter to control the
sidecar combination satisfactorily.
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Methods of Starting
Motorcycles
The writer will now describe the
common methods of starting motorcycles equipped with two-speed
gear, as the accepted method of
setting the power plant in motion in
a single-geared machine by means
of the pedals is generally understood at this time.
The starting crank is a satisfactory
means, if a multiple-cylinder engine
is used and the crank can be applied to the driving gearing in such
a way that the engine will be rotated faster than the starting handle.
The starting arrangement used on
the Henderson motorcycle, and
illustrated at.
Fig. 266, is a distinctive design,
because the handle may be folded
out of the way after the engine is
started. At A, the crank is shown
extended for starting the motor,
while at B the crank handle is
shown in place in the clip attached
to the frame that holds it out of the
way when the machine is in use.
A large and near view of the Indian

kick starter, which is a thoroughly
practical and simple device, is
shown at Fig. 267.
A large sprocket is mounted on a
suitable bearing, and is adapted to
be oscillated by a starter pedal
carrying a suitable pad member
against which foot pressure may be
exerted.
The large sprocket is joined a much
smaller starting sprocket that connects with the engine shaft, when
the pedal is pushed forward and
which turns the interior mechanism of the engine fast enough to
409

set the power plant in motion.
It is said that the Indian was the
first American motorcycle to depart
from the conventional pedaling
starting system and to introduce
the foot starter.
A forward thrust of the pedal crank
engages the ratchet drive that
connects the small starting sprocket to the engine shaft and at the
end of the stroke the mechanism
releases automatically, and permits
the crank to return to its normal
position. An automatic mechanism provides positive discon-
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nection from the engine should a
backfire occur. The foot rest on the
starting crank is hinged and can be
folded out of the way when not in
operation to allow unobstructed
use of the footboard.
With the foot starter, prompt starting is facilitated by priming the
cylinders with gasoline, particularly
when the motor is cold. This operation is made easy on the Indian
machines by placing a small syringe or priming gun in the filler
opening of the gasoline tank so a
small amount of gasoline may be
drawn out to fill the priming cups
on the cylinders.
It is said that when the engine has
become heated it will be easily
started without priming by one or
two forward thrusts of the foot.
The step-starter used on the Harley-Davidson motorcycle is shown
in some detail at Fig. 268. The
arrangement is such that a pair of
pedals are provided just. as in the
usual construction, though no
chain extends from the pedal crank
hanger to the hub. Instead, the
engine is rotated directly from the
pedals through an ingenious ratch-

et and pawl arrangement. The
pawl-carrier plate is securely attached to the pedal crankshaft, and
when that member is rotated forward, the pawls fly out and drop
410

into suitable depressions in the
ratchet ring which is attached to
the first reduction sprocket, and
which transmits the motion of
the crank directly to the small
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sprocket on the engine shaft.
The countershaft assembly
includes a substantial ballbearing carrying the member on
which the first reduction
sprocket and the rear wheel
drive sprocket revolve.
As soon as the engine is started,
in some detail at Fig. 268. The
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arrangement is such that a pair
of pedals are provided just. as in
the usual construction, though
no chain extends from the pedal
crank hanger to the hub. Instead, the engine is rotated
directly from the pedals through
an ingenious ratchet and pawl
arrangement. The pawl-carrier
plate is securely attached to the
411

pedal crankshaft, and when that
member is rotated forward, the
pawls fly out and drop into suitable depressions in the ratchet
ring which is attached to the
.first reduction sprocket, and
which transmits the motion of
the crank directly to the small
sprocket on the engine shaft..
The countershaft assembly in-

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

cludes a substantial ball-bearing carrying the member on
which the first reduction
sprocket and the rear wheel
drive sprocket revolve.
As soon as the engine is started,
the pawls are released automat-
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ically and remain out of engagement as long as the ratchet
revolves faster than the pawlcarrier plate.
Another ingenious fitting is a
ratchet which works only on
412

back-pedaling carried at the
other end of the countershaft
which is used to operate the
brake on the rear hub from the
pedals when desired.
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Electric Starting and
Lighting Systems
Electric lighting has long been
recognized as an ideal illuminating system for motorcycles as
well as motor cars, but it has
been somewhat difficult to apply
an electric lighting system successfully to rigid frame machines.
The vibration encounteredtended to rapid depreciation of
the batteries, and if attempts
were made to utilize current
delivered directly from a small
dynamo driven from the engine,
other difficulties were encountered.
Either the rider was experiencing continual trouble with the
small round leather belts used
in driving the generator or he
was burning out a bulb, when
the motor was suddenly accelerated and the generator produced an excess amount of
current. If the motor was run
slowly, the generator would not
deliver enough current and the
lights would burn dimly.

In some models of the Indian
motorcycle, two sets of batteries
are furnished and are separately
connected to the light. With
reasonable precaution, the rider
should never be without current
for lights and electric horn operation.
414

In the machines without the
electric starter attachment when
the lights become dim, the battery in service is cut out and the
fresh battery carried in reserve
is connected to the circuit. The
batteries do not depreciate from
vibration on account of being
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carried by the spring frame
which insulates them from road
shocks. A patented safety vent
is used which permits the escape of gas from the battery
interior, but which absolutely
prevents the leakage of any of
the electrolyte. Therefore, in
passing over rough roads, or if a
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machine upsets in a fall, there
is no weakening of the batteries
by loss of liquid.
The Hendee special model,
which is clearly the highest
developed form of motorcycle
ever offered, inasmuch as it not
only incorporates full equipment
415

including the various necessary
accessories but also has a twospeed gear and electric selfstarter, is shown at Fig. 269. On
this model, the batteries are so
connected that both of them
discharge into the electric starting motor to secure the highest
amperage for turning the engine
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over as fast as possible. It is
said that it is possible to crank
the engine over at the rate of
500 revolutions per minute,
which is faster than any automobile starter.
The nominal rating of the combined electric starter and generator is 1.5 horsepower, but the
power actually developed is
influenced by the energy necessary to start the engine.
The starter has a high overload
capacity. and just as soon as
the engine begins firing, the
starter automatically becomes a
generator and delivers a current
that charges the storage battery.
The generator is always running
while the engine is in operation,
and an automatic regulator is
included in the system so that
when the batteries are fully
charged the surplus electricity
generated is dissipated.
The current consumption of the
lighting sys-tem is approximately two amperes. When the batteries are con-nected in multiple
a current of 6 volts and 70 am-

peres is available, and when
joined in series a current of 12
volts and 35 amperes is available for starting.

mum charging current flows to
the batteries when the machine
is operated at 16 miles per
hour.

The batteries are charged at. a
road speed of 12 miles per hour
on the high gear, and the maxi-

As shown at Fig. 271, the electric starter is attached to the
engine crankshaft by a roller

416
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chain, and is geared approximately 2 to 1. It is said that
under ordinary operating conditions it will start a cold motor in
12 or 15 seconds.
When a motor is warm but 3 to
5 seconds will be necessary to
start it. As the generator is constantly charging the batteries
while the engine is running, the
possibility of the cells becoming
discharged is very slight.
The current for ignition is derived
from the batteries instead of from
the usual high tension magneto,
and as the batteries are kept fully
charged, the main objection advanced against battery ignition,
that of irregular and uncertain
current supply, sloes not apply in
this case. A wiring diagram showing the connections of the system
is presented at Fig. 270.
The combination motor-generator used in connection with this
system has been designed especially for the work, and as may
be readily ascertained from the
views at Fig. 272 it is a very
compact and effective piece of
electrical apparatus.
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In order to keep the device to the
proper width, an internal commutator is used which is carried
inside of the armature member.
The brushes are supported by the
cover plate, and project into the
interior of the armature to make
suitable connections with the
commutator segments placed
therein. The armature shaft revolves on single row annular ballbearings, andI the device thus
works with minimum friction.
By a simple change of the wiring
which is accomplished by a manually controlled switch at the
front end of the tool box, the
device may be converted into
either a dynamo or a motor. The
automatic regulator and switch
number used in connection with
the system are shown at Fig. 273.
When the switch is placed in the
starting position, the circuits
are arranged so that current is
drawn from the batteries and
directed to the starting motor
fields. When the switch handle
is moved back for the running
position, the circuits are altered
so that the current delivered
417

from the generator armature is
supplied to the batteries, first
passing; through the automatic
regulator, which operates on a
magnetic principle so that current is being supplied to the
batteries only when it is of proper value for charging those
members.
As soon as the engine stops
rotating, if the switch is left in
the charging posi-tion, the automatic regulator will break contact and prevent the batteries
discharging back through the
windings of the motor-dynamo.
The automatic regulator also
functions and disconnects the
windings from the batteries at
such time that, more than the
charging current, is delivered.
The low current release portion
of the automatic regulator also
serves to break time circuit.,
when the power plant, is running at, rates of speed that
would produce less than the
proper amount of current for
charging.
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Motorcycle Control Methods
When the motorcycle was first
evolved, there was no attempt
made to have the control arranged in a convenient manner,
as the various levers by which
the motor speed was varied
were placed at any point on the
frame that proved convenient,
for the designer in attaching
regardless whether it was the
best position for time pelscm
who would operate the machine.
At the present time, every effort
is made to locate the important
and frequently manipulated
control members where they can
be easily reached, and very
often the arrangement is such
that the rider may have complete mastery of the machine
without removing the hand from
the handle bars.
The control of American motorcycles is considerably simpler
than that generally provided on
the foreign mounts, as the common practice in this country is
to regulate the motor speed
through the medium of twisting
grips.

Of course, when a two-speed
gear is used, an auxiliary control member is placed convenient to the rider to regulate the
gear ratio desired, and on some
machines still another lever is
used to control the free engine
clutch.
Several of the American motorcycles employ grip control of the
free engine clutch, prominent
among which may be mentioned
418

by the air and throttle levers
mounted on the handle bars
and connected to the carburetor
through the medium of Bowden
wire control.
At the end of each grip, a lever
is fulcriuned, one being used to
work the front wheel brake,
which is a fitting prescribed by
law abroad, while the other is
the exhaust valve lifter.
On the same bar that carries
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the Schickel, Excelsior and Eagle machines. For use in traffic,
or operating under conditions
that necessitate frequent use of
the clutch, it is apparent that,
the most convenient method is
by the grip because this does
not. require the rider to take his
hands from the handle bars
which insures positive control at
a time that it is most needed.
The free engine clutch is regulated on some machines
through the medium of a pedal,
and this control is very satisfactory on machines equipped with
running boards to support the
rider’s feet and where the usual
form of pedaling gear is dispensed with.
The first of the American manufacturers to utilize grip control,
to regulate engine speed, were
the makers of the Indian motorcycle, and this method was
incorporated in even the earliest
models of these machines.
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ly all Indian models is shown at
Fig. 274. The right hand grip
controls the spark advance and
the exhaust valve lift.
The valves are lifted to relieve
the compression and to make it
possible to turn the engine over
easily for starting. The left hand
grip is used to control the throttle. The twisting movement of
the grips is transmitted by
means of a flexible shaft running from the grip through the
hollow tube comprising the
handle bar to a hearing from
which the end of the shaft
projects.
A universal joint attached to this
shaft transmits its motion to a
compound member consisting of
one shaft. telescoping into another, that is secured to the
actuating lever attached to the
steering head.

The reason for using the telescope shaft arrangement is that
it is necessary to have some
The method of regulating the
flexible connection other than
motor speed and the construction
the universal joint to permit the
of the universal joints and rods
handle bars to be turned when
used in connection with practicalsteering the machine.
420

If one compares this simple and
direct control with that shown at
Fig. 275, which is an illustration
of a representative English
con-struction, it will he apparent that the American design is
considerably neater. Of course,
on the single-speed Indian models it is necessary to have a
lever to actuate the free engine
clutch which is carried at the
side of the machine and an
auxiliary pedal is provided near
the footboard to operate the hub
brake.
On the two-speed machines, a
lever is provided to shift the
positive change speed clutch
and a foot-controlled member
supplied to release .the master
or free engine clutch. In addition
to the control members shown
at Fig. 275, there is another
lever which is not illustrated,
provided to operate the variable
speed pulley. The control of the
ignition is by a small lever at the
side of the tank connected with
the magneto contact breaker.
The speed of the motor is controlled by the magneto lever and
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the exhaust valve lifter, a hand
lever to control the free engine
clutch is mounted and as is true
of the other elements it is joined
to the clutch member by the
flexible wire connection.
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From the handle bar assembly
shown, five of the Bowden wires
extend to the various elements
they are intended to control.
One goes to the air slide of the
carburetor, another to the throttle regulating the supply of gas.
421

The third member goes to the
exhaust valve-lifting arrangement, while the fourth and filth
extend to the free engine clutch
and the front wheel brake respectively.
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Bowden Wire Control
While the Bowden wire control is
used on practically all of the foreign motorcycles, and is employed to some extent on American machines as well, there is a
general lack of understanding of
its principle of action on the part
of the American rider, and considerable trouble is experienced
from time to time in fitting up or
making repairs to this system.
The Bowden wire mechanism
consists mainly of two parts,
one which, termed “the outer
member,” is a closely coiled and
practically incompressible spiral
spring while the “inner member”
is an inextensible wire cable
passing through the outer member which acts as a casing.
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The principal requirement is
that the outer member or casing
shall be anchored to a stop at
each end, while the inner member is attached to an operating
lever at one end and to the object to be moved at the other.
A diagram showing the method of
operation is shown at Fig. 276,
and the reader should have no
difficulty in understanding the
action of this control system. A
line of Bowden wire mechanism
sufficient to reach from the point
where the object is to be moved to
the point where the necessary
power is to be applied is represented by D D D.

The outer cable of the mechanism
is passed around any intervening
corners or obstacles. At C C the
inner member of the mechanism
The usual mechanical method of will be seen emerging.from the
transmitting power in other
outer case being attached at. one
than a straight line in this coun- end of the actuating lever A and
try is by means of universal
at the other to the object to be
joints, small bell crank levers
moved B.
and suitable connecting rods.
The Bowden wire mechanism is The outer member is anchored
to fixed abutments G G. If the
considerably simpler and is
lever A is moved, the motion is
easily fitted.
423

at once imparted to the other
end. When being actuated, the
mechanism will exhibit a wriggling movement at the curves
because the inner member attempts to reach the straight line
of pull, but is resisted by the
outer casing which cannot
shorten its length inasmuch as
it is anchored at both ends.
The movement should not be
restrained, as the mechanism
functions best when the curves
are free. The dotted lines show
the lever A in its actuated position, and the weight B, or object
to be moved, correspendingly
raised. E E are adjustable
screws or stops, the screwing
out of which is equivalent to
lengthening the outer member,
and arc held in posit ion by the
lock nuts F F.
Various examples of the levers
used in connection with Bowden
wire mechanism are shown at
Fig. 277. The hand lever with
ratchet retaining lever shown at
A is widely used for clutch actuation, brake application and
lifting the exhaust valves.
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Fig 278 - Bowden
Wire Mechanism
for Controlling
Front Wheel
Brake, Auxiliary
Air Intake, and
Magneto
424
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The assembly shown at B consists of two levers carried above
the clamp, and a lifting lever
below it. One of the upper members may be used to control the
spark time and the other connected to the throttle, or both
may be used to regulate the
carburetor.
The handle at the lower part of
the assembly may be connected
to brake, clutch, or exhaust
valve release. A group of three
control levers, each being plainly marked to show the functions
performed, designed for handle
bar attachment is shown at C.
The pedal at D is adapted for
brake actuation.
The Bowden wire control is also
sold in connection with complete control devices, two popular fittings being outlined at Fig.
278. At A a front wheel brake
assembly is shown. The contact
blocks which bear against the
wheel rim are carried by a Ushaped member that is held at
its lower portion by clips attached to the fork sides.
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The upper portion may be guided by any suitable bracket and
is connected with a hand lever
intended to be attached to the
handle bar by a length of the
Bowden wire mechanism. An
auxiliary air fitting and suitable
controlling means are shown at
B, while the usual method of
rigging up to a magneto contact
breaker is shown at C.
The following hints on fitting the
Bowden wire mechanism, given by
the makers, will undoubtedly be
found of value by riders and repair
men who are not thoroughly familiar with the application or maintenance of this system of control.
It is important that the inner
member of the mechanism
should be soldered before it, is
cut, as it is composed of a number of fine strands which are
liable to become untwisted unless this precaution is taken.
With the smaller sizes, up to No.
3, a pair of pliers or a spokecutting machine will suffice for
cutting, but larger sizes will
require a file or cold chisel to
sever the strands.
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The brass nipple supplied for
the purpose should be carefully
attached to the end of the inner
member. A good method of effecting this is as follows: The
wire, after being soldered and
cut, should be passed through
the nipple, the end then being
nipped fiat for about 1/16 inch.
This will prevent it drawing out
again during the process of
soldering the wire and nipple
together, which should be clone
in combination with a non-corrosive soldering fluid (on no
account should killed spirit be
used), care being taken that the
soldered joint extends the full
length of the nipple.
The nipple should then be held
in the vise, and the wire burred
over and finished off with a blob
of solder. It will then be found
impossible to remove the nipple
by any fair means.
For the varieties of the mechanism known as Bowdensilver,
Bowdenbrass, and Bowdenite,
special metal caps are provided
for encasing the ends.
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These serve the purpose of finishing the ends off neatly, and,
in the case of Bowdensilver and
Bowdenbrass, prevent the protecting cover uncoiling.
When a single-pull lever is used, it
is necessary to have a spring at the
opposite end of the wire to which
the lever is fixed, in order to ensure
prompt recovery. This spring may
be made either to pull the inner
member back through the outer
member, after pressure has been
relieved from the operating lever, or
it may be inserted between the stop
holding the outer member and the
end of the inner member, in which
case, of course, it will be in compression. In the latter case, it will
generally be found that the simplest
method of fixing is to fit the device
up minus the spring, and to wind
the spring on afterward, as one
puts a key on a split ring.

6. FRAME PARTS
Care should be taken that the
inner member, on leaving the
stop the outer member terminates, should be kept in an
absolutely straight line, as
should it be otherwise, it will
rub on the edge of the stop, and
be gradually worn away in consequence.
The inner member should be
thoroughly smeared with motor
grease or.vaaeline before being
passed through the outer member.

But when a double-pull lever is
used, a spring is not necessary,
as the separate mechanisms so
balance each other that while
the lever is pulling on in one
direction it is pulling off in the
other.
426
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Features of 1920 Models
In essentials, the motorcycles
for 1920 do not differ radically
in design front those of previous
years but there has been considerable refinement of detail.
The modern motorcycle is just
as reliable as the automobile,
they are better balanced than
the old types and are more easily controlled.
There is a tendency noted to the
use of a unit power plant such
as found in automobiles in
which the engine, clutch and
change speed gearing are combined in one, this making a very
compact and cleanly assembly.
Pedals have been eliminated on
all machines, their place being
taken by running boards and a
kick starter is used to start the
engine. There are fewer makes
of machines on the market, a
number of manufacturers having discontinued production on
account of the competition of
the large producers.

7. CONSTRUCTION, EQUIPMENT, & OPERATION
There are only a few active makers left the industry, the prominent ones being the makers of
the Harley-Davidson, Indian,
Excelsior, Henderson, Reading
Standard and Cleveland. The
latter is a new corner that is
deservedly popular and that has
a number of good features, such
as a worm gear reduction drive
gear and a two-cycle, single
cylinder engine.
Roller bearings are used in
practically all new engines and
valve sizes have been increased,
making for greater efficiency.
The three speed gearset is widely used and several new models
are doing away with the double
chain drive and using a single
chain from the unit power plant.
The coaster brake is no longer
used, its place being taken by a
free wheel hub with pedal applied brake .working on the hub
brake drum. The coaster brake
is found on only the early type
machines.
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The accompanying illustrations
show the new type machines
and complete instructions are
given that will enable the motorcyclist to care for and operate
the new models, especially those
equipped with electric lighting
systems.
The operating principles of motors, clutches and change speed
gearing have not been altered,
so the subject matter relating to
the old machines applies just as
well to the operation of the new
units.
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Harley-Davidson Sport Model

The motor in the Harley-DavidOne of the new models that is
son Sport model is a balanced
attracting considerable attention opposed four-cycle twin cylinder
is the Sport Model Harley-David- motor, with a 2-3/4" bore and a
son which is shown at Fig. 279. 3" stroke. This is a piston disIn addition to the usual feaplacement of 35.64 cubic inchtures, this model has an unusu- es. Expressed metrically, the
al type of power plant as shown bore is 69.84 millimeters, the
at Fig. 280.
stroke 76.20 millimeters, and
429

the piston displacement 584.02
cubic centimeters. This motor is
a high speed high efficiency
motor conservatively rated at 6
horsepower, but developing
considerably more by actual
dynamometer test. The motor is
roller bearing throughout, even
to the crank pin bearings, which
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is an unusual construction,
to say the least, for an opposed twin cylinder motor.
The crankshaft is carefully
balanced by means of large
counterweights. The outside
flywheel is built up of
pressed steel discs, and is
completely enclosed by a
neat guard, so that water,
sand or mud will not be
thrown on to the rider’s
clothing.
Having in mind the low
grade fuels sold under the
guise of gasoline, HarleyDavidson engineers designed the new opposed
twin motors so as to operate
satisfactory on present day
fuel. The twin-east superheated manifold will, indeed, meet with the approval of experienced motorcycle
riders.
This manifold is a single
casting which serves for
both the intake and exhaust passages. By means
of a bypass from the exhaust pipe, that part of the
430
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intake pipe where condensation
is most likely to occur, is heated
to a temperature high enough to
prevent manifold “loading.”
A careful inspection of this rather ingeniously designed manifold discloses the fact that the
use of this construction has
eliminated all nipples, jam nuts,
packing bushings and flanges
which might cause trouble.
A simple gasket insures a gastight joint where the manifold
meets the cylinder casting proper. The carburetor is a standard
3/4" Schebler, but it features a
very unique attachment in the
form of a neat, cylindrical dust
baffle. This is an air filtering
device which prevents road dust
or sand from entering the carburetor air valve and reaching
the inside of the motor.
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Indian Scout Model
Another interesting machine is
the Indian Scout which is shown
at Fig. 281 A and B.
The motor is shown at Fig. 282
and the three speed transmission is clearly outlined in the
sectional view given at Fig. 283.
With motor, clutch and threespeed gear in one unit and all
moving parts enclosed, the Indian
Scout is remarkable for cleanliness and silence in operation.
The mechanism is positively oiltight, eliminating splash on
rider and the machine itself.
All gears and shafts run in oil and
the valves are completely housed
in, making for the utmost silence in
operation. This oil-bathing of the
working parts gives the maximum
of life to the parts and guarantees
the rider the longest possible service from the machine.
Smooth surfaces on the unit power
plant, combined with its position
above the lower framework of the
motorcycle, further emphasize the
factor of cleanliness.
431

In the Indian Scout, the L-head,
one-piece cylinders with sideby-side valves having the Powerplus characterization of maximum power per cubic inch of
piston displacement are used.
The bore is 2-3/4 inches and
the stroke 3-1/16 inches, giving
a piston displace-ment of 36.38
inches. Although rated at 5
horsepower, the Indian Scout
motor develops over 11 horsepower on actual dynamometer
tests, sustaining high power
output for a remarkable period
of time. This ensures the rider
getting the best from his machine under all conditions; reduces gear shifting to a minimum and en-ables him to travel
with speed and comfort where
other motors would employ a
lower gear.
The powerplant combines motor, clutch and transmission in
a single compact unit, although
any of these important members
can be got at independently of
the others. The power is transmitted to the clutch through
spiral gears of great strength,
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running in a separate oil bath.
The clutch is mounted on the
main shaft of the transmission
and runs entirely in oil. The
transmission is in a separate
casing directly behind the motor
and is effectively lubricated by
its own oil bath.
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It is firmly attached to the motor
by studs, while the spiral gears
are housed in a casing which is
bolted to both transmission and
motor base. Thus the three
members form one unit. Each
member is individually cooled,
keeping the lubricant at the
432

proper working temperature and
eliminating all possibility of
carbonized oil from the cylinders
reaching and in-juring the gears
and bearings.
The powerplant unit is carried
at three points on the motorcycle frame.
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This suspension prevents
strains being transmitted from
the frame to the powerplant and
ensures absolute alignment of
all bearings. It also permits the
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quick removal or replacement of
the complete powerplant when
such course is necessary, and
with the minimum of labor.
433
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Indian Scout Frame
Constructed to give the utmost
in stress-resistance both laterally and longitudinally with a
remarkable lightness in weight,
the double tube frame embodies
the highest form of motorcycle
engineering construction.
Two large alloy steel tubes diverge from the steering head
drop-forging and form a cradle
for the unit powerplant, continuing parallel to the rear of
the structure.
The unit powerplant attaches by
a lug to each of the frame tubes
at the front and to a. crossmember at the rear, giving a
three-point suspension. The
form of the frame tends to absorb vibrations, thus conducing
to easy riding and protecting the
powerplant from strains and
shocks.
The steering head is provided
with large ball-bearings, giving
more than ample strength and
ensuring long life under the
most arduous service.
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The lines of the frame give evidence of great strength yet. in
no way detracting from the
graceful appearance of the machine as a whole.
One-piece mud guards of scientific form and simple construction amply protect rider and
mechanism from road dirt.
The front guard is fitted with flat
stays fastened in place by rivets.
The rear guard is stayed to the
frame and to a luggage carrier
which performs the double function of carrier and guard brace.
Both gasoline and oil tanks are
in one unit. The forward part of
the tank contains the oil in a
special compartment in which is
situated the hand oil pump,
within easy reach of the rider.
This pump has a simple device
for locking the plunger so that it
only can be operated at the will
of the rider. Two large oil pipes
lead front the oil compartment,
one going to the mechanical
oiler and the other from the
discharge end of the pump to
the motor base.
436

The gasoline compartment of
the tank has a capacity of three
gallons and is provided with a
priming syringe in the filler cap
and a needle valve for controlling the flow to the carburetor.
The tank is in one piece and
rests on lugs on the lower top
tube of the frame.
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Modern Motor Wheel Design
The motor wheel of American
design and construction, which
is shown at Figs. 284 and 285,
is a thoroughly practical, selfcontained power plant that can
be attached in about five minutes to any bicycle, either open
or diamond frame, and is held
by clamps at. three places.
If it is desired to remove the
wheel and use the bicycle alone,
the attaching frame need not he
undamped from the bicycle, but
the wheel may be released by
undoing one lock nut.
The maintenance and open at
ing cost is extremely low as
figures have been given showing
an expense of about $2.50 for
1,000 miles use.
The engine is a one cylinder air.
cooled form, and develops 1-1/2
horsepower. The bore is 2-3/8
inches, the stroke, 2-1/4 inches. A high tension magneto
supplies ignition current. The
crankcase is of aluminum and
an outside flywheel is used to
insure smooth running.
437
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The bearings are improved antifriction members of the roller
type. The gasoline tank is 2
quarts capacity, which is
enough for 50 to 60 miles, and
is supported by the mudguard.
Lubricating oil is carried in the
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engine base and enough is supplied for 50 to 75 miles. The
attaching frame is of strong
steel stampings and tubing,
brightly nickelled. The tire is a
double tube clincher, non-skid
tread, 20 inches by 2 inches.
438

Completely equipped for attaching to the bicycle, the attachment weighs about 60 pounds.
Con-trol is by throttle and compression release operated by
levers on the handle bars
through Bowden wire cables.
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Motorcycle Equipment
Of the innumerable accessories
that have been devised for use
of the motorcyclist, either for his
personal benefit or to be used in
connection with the machine,
fully three-quarters are unnecessary, and can be easily dispensed with.
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alarm by which the motorcyclist
may notify other users of the
highway of his approach. There
is always a certain number of
tools and spare parts that can
be carried to advantage and that
are not furnished with the machine.
The equipment of a motorcycle
does not include a speedometer
unless one purchases a special
model that is sufficiently expensive to have the cost of the accessories included in the purchase price.

It is not the writer’s purpose to
describe all of the various articles of equipment because the
opinions of the various riders
differ as to what should be considered necessary and what may
The speedometer, which indibe just as well omitted.
cates the speed attained, and
Assuming that the rider has
which also includes a mileage
received a bare motorcycle with- recorder, is a very necessary
out any auxiliary fittings whatfitting.
ever, it will be well to enumerate
One is not only able to keep the
briefly some of the accessories
speed in accordance with the
that are really necessary in
legal requirements, but a reliorder to insure safety and comable speed indicating device
ply with the law.
forms a good check on motor
The first thing needed is adeaction and when to oil.
quate lighting equipment, and
The mileage recorder enables
in most states a taillight is rethe rider to keep track of the
quired as well as a headlight.
service given by tires or other,
The next fitting prescribed by
parts, and the amount of gasolaw is some form of signal or
439

line and oil consumed in covering a given mileage. The cost of
the average motorcycle speedmeter will be exceeded by a
substantial margin if fines are
paid for just one violation of the
speed law, so it is much better
to insure against, arrest and
obtain all the other advantages
by investing in a speedometer
than it is to pay more than the
cost of one of the devices to
swell the bank account of some
rural constable.
Another article of equipment is
a watch and holder designed for
attachment to the handle bars.
Weed chains should be provided
for the tires to minimize skidding; they are light and easily
carried as they occupy but little
space when not in use.
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Lighting Systems
The kerosene burning lamps
used on the bicycle do not provide sufficient illumination for
the motorcycle, on account of
the greater speed of the powerpropelled form. The various
forms of lamps that are widely
employed utilize acetylene gas
as fuel and throw a brilliant
light which will illuminate the
road for several hundred feet
ahead of the motorcycle.
The lamp that is most popular
in bicycle work is combined with
the gas generator, which is a
simple device for producing
acetylene gas by the chemical
action of water on calcium carbide. While the generator has
been widely used, it is being
superseded in all eases by the
Prestolite tank for motorcycles
in which the gas is stored under
pressure, and from which it may
be taken as needed by a simple
operation of the tank valve.
The searchlight shown at Fig.
286 is a separate type which
can be used in connection with

either the separate generator
shown or the gas tank with
which all are familiar. A small
gas burning lamp designed for
attachment to the rear mud
guard is also used when a Prestolite tank is fitted.
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The latest types of motorcycles are
provided with electric lighting sysThe method of operation of a gener- tems similar to those used in autoator may be clearly understood by
mobiles in which an engine driven
referring to Pig. 286. As will be
generator charges a storage battery
apparent, the device consists of two which supplies current for lighting
parts, in upper chamber to hold
and some eases for ignition as well.
water and a lower portion divided in These systems and their care are
two com-partments, one of which
described fully in proper sequence.
holds carbide while the other provides space for the gas to collect in.
The carbide in the lower chamber
surrounds a central tube in which
measured quantities of water from
the upper clamber are allowed to
drip. The water is controlled by a
needle valve, and the more water
admitted the more energetic the
liberation of gas becomes.

Acetylene Generator Systems

The gas passes through a cooling
chamber at the bottom of the upper
portion that holds the water, and
from there it passes to the burner
in the lamp, through a length of
rubber hose. Alter the carbide has
been used up, which is evidenced
when it has turned from the state
of crystals or lumps to dust, the
lower portion of the generator must
be removed and thoroughly cleared
out and fresh carbide inserted
before one will obtain any more gas.
441
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Alarms, Tools and
Supplies
On machines that are provided with electric lighting,
it is not difficult to use electric alarms in the form of
vibrating diaphragm horns
which are set in action by a
simple pressure on a push
button.
When a machine is not provided with batteries and a
loud alarm is desired, a
mechanical horn such as
shown at Fig. 287, A, will
produce a louder tone than
the usual electric buzzer
arrangement. This is a diaphragm form; and is similar
to the type that is so widely
used on automobiles. A
downward pressure on the
plunger extending from the
back of the horns easing
sets the train of gears in
motion whigh, in turn, actuate the diaphragm at a rapid rate. The simpler forms of
bulb operated horns such
as shown at B and C are
442
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also adapted for the motorcycle,
but these do not provide the
best alarm when touring, inasmuch as their note does not
have a very great carrying power. The shriek of the mechanical
horn can be heard for many
hundred feet.

used the wrench should be large
enough to move either of those
members, which are usually the
largest of the parts that must be
handled by the wrench. A small
size wrench of the bicycle type is
also convenient and does not
occupy much space.

It is difficult to outline the tools
that should be provided because
so much depends upon the
character of the machine and its
equipment. Most motorcycle
manufacturers provide the special tools that are needed to get
at any adjustments or nults and
bolts that would not be accessible with the ordinary tools obtained in the open market, so it
will not be necessary to describe
the special socket wrenches or
spanners that fit only certain
makes of machines.

Two screw drivers should be
provided, one small one with a
blade that will permit removal of
the smallest screws on the machine (such as those on the magneto) and one a little larger in
size, preferably short and stubby
with a strong blade for handling
the other members that are
screwed in tighter, and which
could not be very well removed
with a light screw driver.

The main item of the average
tool kit is a monkey wrench of
special, light, thin form that still
has a large enough opening to
take the largest nut on the machine. For instance, if the inletvalve cage screws into the cylinder, or if valve chamber caps are

A pair of combination pliers are
usually part of the equipment,
but if these are not provided by
the maker the rider should see
that they are included in the
tool outfit. The best all around
form for motorcycle use is that
which is provided with a joint of
such form that the opening
between the jaws may be varied.
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The jaws are provided with a flat
portion at the extreme end and
below this part, which is used
for gripping flat stock, a semicircular, serrated opening is
provided in each jaw for gripping pipe or round objects. The
lower portions of the jaws near
the hinge are usually sharpened
to a cutting edge and move over
each other with a shearing action. This portion serves as a
wire cutter.
One or two small files are also
desirable, as many occasions
arise where they will prove useful. Other tools should be provided depending upon the transmission employed. If the V-belt
is used, as on some old type
machines, a belt punch or awl
as well as several spare
con-nectors may be included.
If drive is by chain a chain tool
for removing the rivet from the
links, and a number of spare
connecting links are necessary.
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Harley-Davidson Tool Outfit

10. Tool box key DJ-721B, for electrically
equipped model.

A complete tool outfit as sup-plied by the maker
of the Harley-Davidson motorcycle is shown at
Fig. 288. The various pieces are indicated by
numerals and their use is indicated in the following key:
1. Envelope containing the registration card,
which should be filled out and sent to the factory immediately upon delivery of your machine.

11. Keys AJ-505A, for tool box on magneto model.
12. Cementless patch for repairing inner tube. To
repair a punctured inner tube cut a large enough
piece from the patch to cover the puncture.
13. Container for articles supplied with tire kit.
14. Chain tool GK-739, for making repairs to the
drive chain.

15. Wrench AK-2, for rear axle adjusting screw
2. Envelope containing four washers for changing
lock nuts.
the adjustment of the mechanical oiler, as given 16. Wrench AK-2, for rear axle adjusting screws
in the instructions. Two thick washers BO-320.
and carburetor low speed adjusting screw.
Two thin washers BO-280. Spark plug adjust17. Wrench DK-38, for pedal pill.
ing gauge EK-1091 is also in this envelope.
18. Wrench DK-38, for carburetor gasoline pipe
3. Extra inner tube valve cap DX-146.
nut.
4. Extra inner tube valve plunger DX-148.
19. Adjustable pliers AK-269.
5. Envelope containing valve parts.
20. Screw driver CK-270.
6. Envelope containing powdered mica. Mica to
21. Wrench GK-65, for exhaust valve lifter pins,
be spread over repair after repair is completed
inlet push rod lock nut and all 7/16 inch hexato prevent tube or casing from sticking to regon nuts.
pair.
22. Wrench GK-65, for exhaust valve spring
7. Inside blowout patch for temporary repair of
cover.
casings. To repair a small cut in the casing, cut
a large enough piece from the roll.

23. Monkey wrench DK-809, for general use.

8. Emery paper for cleaning the inner tube when
a repair is necessary.

24-25. Wrench FK-822, for inlet housing clamp
nuts and crankcase stud nuts.

9. Cap EO-747 to screw on oil tank nipple when
feed pipe is disconnected.

26-27. Wrench DK-805, for clutch pull rod adjusting nut and lock nut..
444
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28. Wrench DK-807, for nuts holding the transmission onto frame.

Useful Spare Parts

Among the spare parts that may be carried to
advantage may be mentioned a small spool of
copper wire about No. 16 gauge, a length of high
30. Coupling link DK X12, for use when only a
tension cable, and a number of assorted bolts,
coupling link is broken.
split pins, nuts and washers that conform to
31. Half link DR-315, to be used when chain does those used on the machines.
not require a full link.
If a single cylinder engine is employed as a power
29. Double repair link DK-316, for repairing the
drive chain.

32. Bosch Magneto Wrench AK-424, supplied with
those models equipped with a Bosch magneto.
33. Berling Magneto Wrench GX-1621, supplied
with those models equipped with a Berling
magneto.
34. Wrench DK-S15, the flat steel strip is a gauge
to be used when adjusting the circuit breaker
points, as mentioned in the instructions covering the care of the Remy generator. The
notched blade is used to tighten the nuts holding the cables to the coil. The wrench is for
adjusting the circuit breaker points.

plant two spare spark plugs should be carried,
while if it is a twin cylinder, three extra spark
plugs should be included. To insure against
breakdowns when away from the source of supplies, a few spare magneto parts such as the high
tension carbon brush holder, a platinum pointed
contact screw and contact breaker bell crank will
be found of advantage.
A roll of tire or insulating tape, and a complete
tire repair outfit should figure in the equipment.
The average outfit for inner tube restoration consists of a piece of emery cloth, a tube of cement,
and sonic patches of assorted sizes. Patches may
be obtained that do not require any cement as it
is already incorporated with them, and a couple
of these may be provided for an emergency where
the regular cement would not. work properly.
Small tire irons to remove the casing from the rim
and an air pump, as well as a number of spare
valve insides, complete the outfit for repairing the
inner tube. In case of a blow out, or a serious cut
in the outer casing, it will be well to have an in-
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side blow out patch and a tire
gaiter handy. The inside patch
is a piece of heavy canvas, 5 or
6 inches long and wide enough
to conform to the curved interior portion of the tire completely
when doubled over.
The outer sleeve is made of
leather or rubber and fabric,
and is provided with a lacing
by which it may be tightly
drawn in place around the
injured portion of the casing.
If going on a tour of any magnitude, a complete inlet and
exhaust valve assembly and
several extra inner tubes will
complete the kit.

Carrying Tools & Supplies
The problem of carrying tools
and supplies is not an easy one
to solve on a motorcycle, though
many very practical bags and
carrying cases have been designed that will fit the top of the
luggage carrier, or that are
adapted to be carried one on
either side of that member.

These provide room for considerable material and enough
equipment for a trip of some
magnitude may be easily stowed
away. The bag shown at A, Fig.
289, is intended for attachment
to the side of the luggage carri447

er, and not only provides a large
amount of storage space inside
but has a smaller tool bag attached as well as a pocket to
carry the oil can. The form at B
is intended to be carried on top
of the luggage carrier and is
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considerably larger than that
designed for attachment to the
side. The bag shown at C is also
intended for the top of the luggage carrier, and when flanked
on either side with a bag of the
form shown at A much storage
space is available.
Where machines are driven by
belt, if one undertakes a long
tour and the belt has seen considerable service, it may be well
to carry a spare member in a
special casing such as shown at
D. The interior of this case is
divided into two concentric compartments, the outer one serving for the belt, the inner one to
carry the spare inner tube.
If a sidecar is fitted, an opportunity for carrying considerable
luggage may be taken advantage
of by fitting a luggage carrier or
rack, as shown at Fig. 290, to
the back of the sidecar body.
Modern motorcycles have a good
sized tool box included in the
standard equipment.
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General Instructions for
Starting Motor
Assuming that the ride has just
received a machine, and that it
has come crated, and also that
he is not familiar with motorcycle operation, we may give the
following general instructions:
After the machine has been
uncrated, and the handle bars,
saddle and pedals attached in
their proper places, the first
step is to see that the tanks are
filled with gasoline and oil. .
As a rule, the filler caps are very
plainly marked to indicate the
purpose of the container to
which they are fitted. In filling
the tank with fuel, filter the
gasoline by passing through a
chamois skin which insures
positive removal of all dirt and
water.
Be sure to fill the oil tank with
the proper grade of lubricant,
which must be a good air-cooled
engine cylinder oil, and preferably of the brand recommended
by the maker of the machine.
449
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Before attempting to start the
motor, become familiar with the
various parts of the controlling
apparatus.
In most American machines the
gas supply is regulated by one
of the movable grips on the
handle bar, and which one it is
can be easily ascertained by
moving both of them in turn
and seeing which operates on
the throttle lever at the top of
the carburetor.
In some machines, the grip is
turned in one direction to close
the throttle which would be
just the same as that to open
the throttle in other motorcycles. The proper mode of procedure can only be determined by
experiment.
The grip on the other handle
bar is used for advancing the
timer or contact breaker of the
magneto when turned in one
direction and for raising the
exhaust valves if turned to the
other extreme position.
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special lever carried by the handle bars. The clutch of most
motorcycles is operated by a
hand lever at the side of the
tank, and in some machines a
smaller lever will be mounted at
the side of the tank that is connected directly with the contact
breaker of the magneto.
When a two-speed gear of the
planetary type is used, a singlecontrol lever usually serves to
control both high and low
speeds, and this member corresponds to the usual free engine
clutch actuator.
When an individual or shifting
clutch, two-speed gear is used,
the master or friction clutch is
often shifted,by a foot lever,
while the speed changing is effected by a suitable lever carried
on the upper frame tube.

In some motorcycles, the exhaust valves are raised by a

Learn to Control Motor
The first thing to do is to learn
to control the motor. To do this,
raise the rear wheel of the machine from the floor by the
stand provided for that purpose,
open the valves in the gasoline
line so the fuel will flow to the
carburetor and supply a couple
of pumpfuls of oil to the engine
base.
Prime the carburetor by pressing the priming pin and holding
that member down until gasoline flows from the bottom of the
device. This shows that the
spray nozzle has overflowed
which indicates that it is clear of
dirt.
Set the spark about half way
advanced, open the throttle
slightly, and raise the exhaust
valves by whatever means are
provided for that purpose. Pedal
briskly and turn the motor over
at a fair rate of speed, and then
drop the exhaust valves and the
motor should start.
After the motor has been started, become familiar with the
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action of the spark and throttle levers or control grips by
moving them back and forth,
and noting the effect of the
various positions on the behavior of the engine. Do not
run the engine unnecessarily
fast when on the stand.
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Instructions for Operating
Motorcycle
After having learned to manipulate the motor and control its
speed on the stand. the motor
may be started and allowed to
run slowly, and the high-speed
or free-engine clutch lever may
be set in the free engine position. This may be clearly noted
451

by pressing on the brake pedal
with the engine in motion.
If the rear wheel stops rotating
without affecting the engine
speed, it indicates that the
clutch is free and functioning
properly. If applying the brakes
stops the motor as well as the
rear wheel, it shows that the
clutch is not properly released,
which may mean that the lever
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is not in the proper position or
that there is some defective condition in the clutch itself. The
machine is then dropped off of
the stand with the clutch lever in
the off position, and, after the
rider has mounted, the engine
may be speeded up and the
clutch lever moved gradually until
the motorcycle acquires a certain
momentum, after which the
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clutch may be engaged positively.
If the machiucc is a two or three
speed form, the start may be
made on the high speed without
any trouble if the ground is
level, as the friction clutch will
provide gradual application of
power if it is controlled properly.
When starting on a hill or in
sand, it will be well to start on
452

the low gear and throw into the
high only when the top of the
hill is reached, or road conditions become more favorable.
Do not slip a clutch of any type
unnecessarily, because this will
produce wear of the friction
surfaces, so it is best to start on
the low speed under any conditions. In operating change-speed
gears of the shifting clutch type
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or of the sliding gear pattern, always be sure that the master
clutch is completely released before
endeavoring to shift gears.
When shifting from high speed
to lower speed, always slow
clown the engine or wait until
the speed of the motorcycle
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drops to the point that will correspond to the gear ratio obtained by the reduction gearing.’
In changing from the low to the
high gear, accelerate the engine
slightly to speed up the machine
before the shift is made.
453

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

Motor Control Rules
All motorcycle motors have a
certain degree of flexibility, i.e.,
they may be run slow or fast,
and the speed may be accelerated or cut down as desired within
a range from 200 revolutions
per minute to the maximum,
2,500 or 3,000, which will vary
with the type of motor. This is
an important advantage, inasmuch as it permits one to regulate the cycle speed on most
occasions by a touch of the
throttle grip alone.
The engine speed of practically
all motorcycles is controlled by
two ways, though usually these
are employed in conjunction.
One of these consists of varying
the time of the spark in the
cylinder, the other regulating
the amount of gas supplied.
The spark and throttle levers,
while designed to be manipulated independent of each other,
usually move with a certain
definite relation. It would not be
good practice to run an engine
with the spark lever way ad-
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vanced and gas supply throttle
nearly closed; nor would good
results be obtained if the spark
lever was retarded and the
throttle opened, as it is desired
to increase the motor speed.
It is not difficult to understand the
function of the throttle lever and
how the admission of more gas to
the cylinders would act in creating
more power, just as augmenting
the steam supply to a steam engine
will increase its capacity.
The rules for manipulation of
the spark lever are not so well
understood. In order to make
clear the reason for intelligent
manipulation of the spark handle, there are certain points that
must be considered.
On most, motorcycles, there is a
position of the spark lever at
some point of the are over which
it moves which corresponds to
the normal firing point.
If the spark lever is not advanced beyond this position,
and the motor is turning over
slowly, the gas in the cylinders
is being exploded when the
454

pistons reach the end of their
compression stroke. When the
gas is fully compacted, the explosion or power obtained from
combustion is more powerful
than of the spark fired gas
which was not compressed
properly.
The electric spark is not produced at the exact time that the
motor should be fired at all
speeds, and if the spark was.
supplied the very instant of full
compression, irrespective of the
speed of rotation, there would
be no need of moving the spark
lever.
Not only is the current apt to
lag, but it takes a certain definite amount of time to set fire to
the gas. It requires the same
amount of time to ignite the gas,
of given composition, regardless
of the speed of the motor. of the
motor is only turning at a few
hundred revolutions per minute,
there is ample time to ignite all
gas charges positively, but if the
motor speed increases and the
explosions occur oftener, then
one must compensate for the
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more rapidly occurring combustion periods by arranging to
start igniting the gas earlier so
the explosion will occur when
the piston is at its highest point
in the cylinder.
The compensation for lag is
made by advancing the spark.
The spark lever on the handle
bar or tapic moves a commutator, if battery system is employed, or the magneto contact
breaker box, if that form of current producer furnishes the
ignition energy. The amount of
spark advance needed depends
on engine speed and the greater
the piston velocity the more the
spark should be advanced.

Handling Spark Lever
It is possible to advance the
spark lever too far, and, when
this occurs, the gas is exploded
before the piston reaches the
top of its stroke, and premature
explosion takes place. As a result of this, the upwardly moving piston is forced to overcome
the resistance exerted by the
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expanding gas of the ignited
charge in completing the remainder of the compression
stroke, and before it will return
on the power stroke. The injurious back pressure on the piston
reduces the capacity of the motor and a pounding noise similar
to that produced by loose motor
parts gives positive indication of
premature ignition due to excessive spark advance.
On the other hand, if the spark
lever is not set as far forward as
it should be, the explosion may
be late because of the “retarded
spark.”
If the spark occurs late in the
cycle, the charge is not fired
until the piston has reached its
highest point and after it has
completed a small portion of its
downward movement.
As the point of maximum compression is passed and the piston moves down in the cylinder,
the size of the combustion
chamber augments and the gas
begins to expand again before it
ignites. Owing to the moderate
455

compression, the power resulting from explosions is less than
would be the case with a higher
degree of compression.
To secure power, it is necessary
to supply more gas to the cylinders. Driving with a retarded
spark produces heating of the
motor and is wasteful of fuel.
For ordinary running, the spark
lever is usually placed about
midway of its travel on the sector, and as a general rule an
engine with magneto ignition
does not require the frequent
manipulation of the spark necessary when current is produced by chemical means.
As the engine speed increases,
the current produced by the
magneto is proportionately augmented, and the spark lever
need not be advanced from the
center position except under
conditions which permit of exceedingly high engine speeds.
Summing up, it will be patent
that the greatest economy of
fuel will result when the motorcycle is operated with as little
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throttle opening as possible, and
with the greatest spark advance
the motor speed will allow.
To obtain maximum power, as
in hill climbing on the direct
drive, the spark lever should
never be advanced beyond center and the throttle should be
opened as wide as possible.
For extreme high speed, the spark
is advanced as much as possible
and the throttle opened wide.
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To Start 1920 F and J Harley-Davidsons

4. To facilitate starting, close the carburetor air
valve by pulling out the bottom “B” (see illustration Fig. 296) and give it a slight turn to the left.
There are three positions that this button can
be put into to readily control the tension of the
air valve spring.

The beginner may find it easier to start the motor
with the machine on the stand. He does not have
to balance the machine this way. However, be
sure to put the gear shift lever into neutral position or disengage the clutch by pulling the hand
lever shown in Fig. 295, over, way back before
taking the machine off the stand.
1. Release the clutch by pulling the clutch hand
lever back all the way, or by pressing the heel
of the foot down on the rear part of the clutch
pedal.
2. Put the gear shift lever in the position marked
“
Neutral.” The lever will generally go into this
position very easily if the clutch lever is all the
way back, but if the transmission gears happen to stop so that the teeth are opposite each
other, it, will be necessary to turn the gears
over by giving the starter pedal a stroke, or by
turning the rear wheel slightly.
Do not under any circumstances try to force the
gear shift lever because damage will result. The
gears will always shift easily if the shifting
mechanism is properly lubricated at the various
places provided for oiling.
3. After the gear shift lever is in neutral position,
engage the clutch by pushing the clutch hand
lever forward all the way, or by pushing down
on the forward part of the clutch foot pedal.

In very cold weather pull the button way out as
in position marked “3.” After the motor is
started, turn the button still further to the left
until the pin drops into position marked “2.”
Then start the machine in the regular way.
Leave the stem here until the motor starts to
miss, then release the stem entirely by turning
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the button still further to the left, until the pin
drops into position marked “1.” This is the position the button should always be carried in
after the motor has warmed up.
5. Close the throttle by turning the right handlebar grip to the extreme right and then open it
slightly by turning the grip slightly to the left.
6. Turn the left grip to the left as far as possible,
raising the exhaust valves, thereby relieving the
compression in the cylinders.

Some motors will start more easily if the
throttle is not quite closed.
Some experienced riders prefer to start the
motor “against compression.” This is done by
advancing the spark about half way and closing
the throttle either all the way or almost all the
way and then using the starter pedal. Which
ever way is selected by the owner after he gets
accustomed to his mount is a matter of preference or individual knack.

9. To stop the motor in model 20-F, or 20-.J, turn
7. Give the step starter pedal a vigorous stroke
the left grip all the way to the left. On the elecdownward, at the same time turning the left
trically equipped model 20-J, also try to sound
grip to the right one-half or two-thirds of the
the horn as soon as the motor has stopped, to
way, thereby dropping the valves and advancing
make sure that the centrifugal switch has
the spark. After the motor is running, advance
opened the battery and generator clutch. If the
the spark fully by turning the left grip all the
horn can be sounded with the motor idle, disway to the right, release the air valve stein and
connect the ground wire from the battery box
close the throttle.
.
cover screw to prevent discharging the battery
In starting the electrically equipped model 20-J,
and then apply the instructions under “To Adcare should be taken that the left grip is not adjust the Centrifugal Switch” in the chapter on
vanced more than one-half or two-thirds of the
Electric Lighting.
way. If it is advanced more than this, the motor
After you have started the motor a few times on the
may backfire. Sometimes the magneto model 20F will start more easily if the spark is advanced all stand, learn to start it with both wheels on the
ground, either by straddling the machine or standthe way. The exact spark advance necessary to
start the motor quickest and easiest will be ascer- ing alongside of it. The starter crank describes a
very large are, turning over the motor with sufficient
tained after a few trials.
momentum to, generally start it on the first stroke.
8. If the motor is warm, it should start on the
Of course, until you acquire the knack of using the
first attempt. If it. does not, repeat the operastarter crank, you may have to make a few trials.
tions as mentioned above. Do not race the moStart the motor as naturally as possible.
tor on the stand.
459
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Start Motor in Cold Weather
To facilitate starting in cold
weather the motor should be
primed; that is, gasoline
in-troduced directly into the
cylinders through the cylinder
priming cocks. The reasons why
a motor does not. start readily
in cold weather are these:
Gasoline does not vaporize
readily when mixed with cold
air. The term “raw” is applied to
a mixture of gasoline and cold
air. It is advisable to use higher
test gasoline in winter than in
summer.
Oil congeals or becomes practically solid in cold weather. If a
machine is standing in the cold,
the oil congeals between the
cylinders and pistons and in the
bearings. This makes it difficult
to crank the motor.
By priming the cylinders with
gasoline, the thick oil is immediately turned into liquid form
allowing easy cranking.
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For this reason the following
recommendations are offered for
cold weather starting:
1. Unscrew the knurled button
of the primers located on the
left side of the cylinders near
the top, about two turns.
2. Charge the priming gun,
which is a unit with one of the
gasoline tank caps, by drawing the plunger button out to
its full extent.
3. Place the point of the priming
gun into the opening of the
primer and give it the charge
of the gun. Prime the other
cylinder in the same way.
4. Close the primers.
5. Hold down the
carburetor,float primer until
the carburetor overflows.
6. Tighten the easy starting
tension spring of the carburetor auxiliary air valve by pulling out the button “B” and
giving it a slight turn to lock it.
Start the motor.

460

After the motor is warmed up,
loosen the tension spring on the
carburetor. If the carburetor
chokes, do not release the stem
entirely. Drop it into recess
number “2,” illustration Fig.
296, and leave it here until the
motor misses, due to the rich
mixture, then release it entirely
by dropping it into recess
marked “1.”
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Keep Your Eyes On the Road

Difficult Starting

One thing the beginner must bear
in mind at all times is that under
no circumstances must he take
his eyes from the road ahead.

Frequently difficult starting is
due to nothing more than dirty
or poorly adjusted spark plug.
As soon as difficulty in starting
is experienced remove the plugs,
inspect and clean.

The gears must be shifted or the
clutch released or engaged by the
sense of touch, and the sooner
the rider learns to operate these
controls correctly, the sooner he
will be safe on the road.
It is true that many old riders
are negligent on this score, and
often take their eyes off the
road, but it is a careless act and
ninny accidents can be traced
directly to this cause.

Clean the points and polish with
very fine sand paper or emery
cloth. Adjust the clearance of the
points with the gauge furnished
with the machine for that purpose. The gauge measures .022
inch in thickness and its use is
shown at Fig. 297.

Fig 297 - Gauging Spark Plug Gap
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To Start the Machine On
the Road
Assuming that the motor is
started as per previous instructions, the first thing to do is to
release the clutch by pulling
hack the clutch hand lever or
press-ing on the rear part of the
clutch foot pedal, and then shift
the gears into first or low speed,
by moving the gear shift lever
into position marked “Low.” If
the motor was started on the
stand, the gears must. be in
neutral or the clutch released
before the machine is taken off
the stand. (See Fig. 298.)
Next, let in the clutch very gradually by pressing the toe on the
forward part of the clutch foot
pedal, or, if preferred, by moving
the clutch lever forward by hand.
For the first ride or two, do not
be afraid to run in low gear for
100 feet or so. After the machine is under way and you
have it in good balance, release
the clutch all the way, quickly
close the throttle and move the
gear shift lever through neutral

into position marked “Second.”
Then engage the clutch again
slowly, as before, at the same
time, opening the throttle slightly. After running 50 feet or so, it
will be easy to shift into high
speed or direct drive by again
releasing the clutch, closing the
throttle and setting the gear
shift lever into position marked
“High.”
Then again open the throttle
while engaging the clutch, allowing the machine to get away
smoothly and quietly. During
this time the spark is being
carried practically fully advanced.
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Suggestions for Smooth,
Quiet Starting
With a little practice the beginner
will learn just how far the throttle
should be opened while engaging
the clutch, enabling him to get
away as smoothly and quietly as
the highest class cars.
Never race the motor while running idle. To say that this practice is to be condemned is putting it mildly for these reasons:
The motor will sooner or later
show the effects of having been
abused. If the motor is raced
while starting the machine, the
clutch is being slipped unnecessarily, meaning friction and
wear, and the rear tire is under
a terrible strain.
Another objection is the noise of the
motor while the machine is getting
under way. Take a pride in making
a smooth, quiet get-away and you
will command the respect of your
fellow riders and the general public.
The Harley-Davidson motorcycle is
practically noiseless. Why incur
criticism, giving yourself and machine a black mark?
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Never let your rear wheel spin
under any conditions. When
starting, use extreme care to see
that the clutch is engaged gradually enough so that there is no
grinding of the rear tire on the
road. Owing to the tremendous
power transmitted to the rear
wheel when low or second gear
is being used, it is an easy matter to spin the wheel. This places a terrific strain on the tire
and the practice, if persisted in,
will rapidly wear out the tire.

To Stop the Machine
In learning to operate a motorcycle one of the most important
things to bear in mind is that
the ability to stop the motorcycle quickly is occasionally of
great importance.
After a few weeks use the rider
will find that the actions necessary to bring the motorcycle to a
stop, come about almost unconsciously at the first. sign of an
obstruction ahead or other necessity for a. quick stop.
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Possibly the brake is subject to
more abuse than any other part
of the motorcycle, simply because
many riders seem to take delight
in seeing how close they can
conic to the stopping point at high
speed, before they shut off the
motor and apply the brake.
Do not form the habit of applying the brake suddenly and
bringing the motorcycle to a
standstill in a short distance.
The rider who can shut off his
motor at some distance from the
point where he desires to stop
and coasts up to it, applying the
brake gradually, thereby bringing the motorcycle to a graceful
stop, shows good judgment from
every standpoint. No one who
takes pride in keeping his machine in tiptop condition will
stop suddenly except in ease of
emergency.
The proper way to stop the motorcycle is to release the clutch,
closing the throttle at the same
time, and then stopping by careful and gradual use of the brake
pedal. Never jam the brake on,
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if it can be avoided. To stop the
motors of all 1920 models turn
the left. grip to the left as far as
possible, thereby raising the
valves and relieving the compression.
It is not uncommon to hear
riders complain that they are
not getting the right kind of
service from their tires. They
will even claim that a casing has
been ruined in three or four
hundred miles of riding. Invariably this is the rear casing and
investigation will demonstrate
that almost without exception,
riders making complaints of this
nature have been abusing the
tires and the braking mechanism by sudden stops or quick
starts.
Excessive tire wear can often
times be traced to fast riding
over rough roads, which give the
rear wheel an opportunity to
spin. Every time such spinning
takes place a certain amount of
rubber is worn off the tread of
the tire.
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To Use the Motor As a Brake
In riding down long steep hills it
is sometimes advisable, in order
to save the brake and keep it
from getting heated, to use the
motor as a brake.
To do this does not require stopping the machine and a new
rider will soon adopt this method. .Just before descending a
hill, disengage the clutch, close
the throttle and at the same
time shut off the motor.
As soon as the motor is stopped,
both grips should be turned
inward so as to get: as much
compression as possible in the
cylinders. Then push the clutch
lever forward just far enough
.
not to turn the motor over.
Having this slight drag at the
clutch will greatly retard the
momentum of the machine and
will naturally save the brake
considerably.
Before descending extremely
long steep hills put the gear
shifter lever in low gear position
and apply the above instructions. Under this condition won464

derful braking power is received,
only care should be taken that
the clutch is not engaged far
enough to turn the motor.
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To Change Back To Lower
Speeds
A11 ordinary grades can of
course be negotiated on high
gear without trouble if the machine is traveling at a fair speed.
If it is necessary to slow up on a
grade for traffic, or for some
other reason, and the motor
begins to knock, the spark
should be retarded a trifle. If
this does not. remedy the
knocking, the spark should he
retarded still further; then if the
motor continues to knock, the
transmission gears should be
shifted from high into intermediate or low. A sectional view of
the gearset is given at Fig. 298.
and also at Fig. 299, over.
The knowledge of the correct
time to make this shift will come
to the rider only through experience. Not only is it an easy matter to stall the motor by attempting to negotiate a hill on high
gear, when the laboring of the
motor indicates that intermediate or low gear should be used,
but it is a tremendous strain on
the entire power plant.
465
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Fig 299 - Gear Change & Clutch Assembly Harley=Davidson MC
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To Shift from High Gear
Into Intermediate

To Shift from Intermediate
Gear Into Low

When it becomes necessary to
us intermediate gear, the clutch
should be released and the gear
shift lever moved from high gear
position straight through into
intermediate or second speed
position with a quick firm movement, after which the clutch
should be engaged again as
quickly as possible but without
any perceptible jerk.

Occasionally you will encounter
a hill so steep that the machine
will not negotiate it, even on
intermediate gear, without, the
motor slowing down.

The change from high gear into
intermediate is generally made
after the rider has retarded the
spark, therefore it is necessary
to advance the spark when the
intermediate gear is engaged.
It will not take the rider long to
become acquainted with the
control of the machine, so that
he will know just when to throttle the motor to prevent it from
racing while shifting gears.

In this case, low gear or first
speed must be called into action. To make this change, it is
only necessary to release the
clutch, shift the lever forward
from second into low and again
engage the clutch, similar to the
manner in which the shift was
made from high gear into intermediate.
It must be remembered that it is
necessary to have the spark
advanced after a shift. into a
lower gear. This is an important
point because an advanced
spark lends to keep a motor
cool, while a retarded spark
will soon cause a motor to heat
up unnecessarily. For this
reason the rider should never
attempt to run the motorcycle
for any distance with a retarded spark.
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A little difficulty may be encountered at first in shifting gears.
especially on a hill. A little practice will enable the rider to become expert so that gears may
be shifted easily and without a
sound.
Under no circumstances run a
new motor at high speed until it
has covered several hundred
miles and is thoroughly “run in.”
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Instructions for Use of
Hand Pump

7. CONSTRUCTION, EQUIPMENT, & OPERATION

To Turn Corners

The confidence necessary to
turn a corner nicely comes only
When climbing a long hill, or
pulling through long stretches of with experience and the new
rider should turn all corners
sand or mud it is often advisvery slowly and cautiously to
able to give the motor a little
avoid falling, especially if the
extra oil with the hand pump.
road is wet.
A third of at pumpful or a half
pumpful is enough if the hill or
bad stretch is not a very long
one.
On a very long hill or bad
stretch it is better to give the
motor this extra supply of oil a
little at a time, say, one-third of
a pumpful, than it is to give it
an entire pumpful at one time.
This is true especially if the
machine is carrying a loaded
sidecar.
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Skidding
There is absolutely no excuse
for skidding under ordinary
conditions, but skidding may
occur on slippery surfaces or in
rounding turns at high speed,
even on dry surfaces, if the rider
is careless.

7. CONSTRUCTION, EQUIPMENT, & OPERATION
sliding, but it is only an experienced rider who can do this,
and the better plan to follow is
to take precautions to prevent
a skid in the first place.

Use of the Muffler Cutout
One thing which has given motorcyeles and motorcycle riders
a great amount of undesirable
publicity is the fact that some
riders persist in riding with the
muffler cutout open.
This may have been excusable
in the early days of the sport
when some motors were not
powerful enough for even ordinary touring conditions, and the
rider because of this fact opened
the cutout to relieve the back
pressure caused by the inetticient mufflers of those days.
The Harley-Davidson muffler is
a very efficient piece of mechanism and causes no appreciable
back pressure in the motor.

-

Not only is skidding dangerous,
but it causes excessive tire
wear. Sometimes on a road
which has a high crown the
nmehiue may slow a tendency
to skid if the surface is very wet,
even when running straight
ahead.
This tendency will be minimized
if the rider keeps to the middle
of the road or where the road is
the highest. When traffic conditions prevent this, great caution
should be exercised to ride at a
moderate pace or a fall may
result.

It has been proven by dynamometer tests at the factory
that the difference in power
between using a closed muffler
and an open cutout is less than
one per cent. Therefore, there is
no reason whatever for the rider
opening the muffler cutout unless it is desired to locate a miss
in the motor.

Sometimes the rider may feel
the machine starting to skid. An
experienced rider eaii sometimes stop a skid by turning the
frontwheel in the same direction in which the rear wheel is
469
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Simple Rules of the Road
When meeting any vehicle from
the opposite direction, it is the
rule of the road in the United
States for both vehicles to keep
to the right.
In no place is courtesy more
appreciated, or a better indication of good manners, than on
the road.

7. CONSTRUCTION, EQUIPMENT, & OPERATION
It has become the accepted rule
in many localities to hold one’s
left arm to the left when turning
to the left, or when turning to
the right to extend one’s right
arm in that direction.
It is a good plan to look up the
local traffic laws or ordinances
governing motorcycles; then you
will be on the safe side.

If a motorcycle rider wants to
pass another vehicle, it is often
easier for him to turn out of the
way, than for the other vehicle
to turn out. The motorcycle will
negotiate a. bad piece of road
better than any other vehicle,
and motorcycle riders as a rule
are always glad to accommodate
more cumbersome conveyances.
In overtaking a slower going
vehicle traveling in the same
direct ion, pass the vehicle on
the left.
No considerate rider will annoy
or frighten pedestrians by improper use of the horn of warning signal.
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8. MOTORCYCLE MAINTENANCE

CHAPTER VIII. Motorcycle Maintenance for H-Ds, Indians, and Cleveland MCs.
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What To Do Every Day
* Wipe off all motor parts, including the exhaust. pipes.
* Oil the inlet valve rocker arm
bearings. To do this, turn the
hinged cap on the inlet lever
bolt backward, so that the oil
hole is exposed, as shown in
the illustration, Fig. 300.
* After oiling, be sure to turn the
cap back to keep out dirt.
* Put a drop of oil in the hole on
the end of the inlet lever to
lubricate the end of the push
rod, and place a few drops of
oil around the inlet valve collar so as to lubricate the inlet
valve stem and prevent premature wear.
* Oiling the inlet valve stem is
not recommended in very
sandy country.
* Give the grease cups on the
fork rocker plates a half turn.
* See that you have enough
gasoline and oil in the tanks
for your trip.
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What To Do Every Week
* Put a drop or two of oil on all
bearings in the clutch operating and gear shifting mechanism.
* Every week put a drop or two
of oil on the adjusting plunger
on the starter, where the
plunger enters its bushing,
and also put a little oil on the
black spring on the starter
crank.
* Put the oil just back of the
washer, next, to the pedal
crank itself, where it will work
in and lubricate the bearing.
* See that the oil in the transmission is at the proper level.
* Add distilled water and test
your storage battery, if your
machine is electrically
equipped.
* Look over both wheels carefully and tighten any loose
spokes - taking care to see
that the wheels run true.
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* Look over the tires for cuts. Sometimes a tack or small nail which
has not punctured the inner tube
may be found in the cas-ing. If it
is removed in time, a puncture
may be avoided.
* If your machine is a 20-J, give the
grease cup on the right side of
the generator one-half turn.

What To Do Every Two Weeks
* Flush the motor with kerosene.
* Clean your drive chains
and ’treat with HarleyDavidson chain compound.
* Fill the grease cups on the
front fork rocker plates and
inject a .few drops of oil at the
oil cups iii the front and sidecar wheels.
* Examine the adjustment of the
head fitting bearings and tighten
the lock nut if necessary.

* Go over all the nuts and bolts
including engine clamp bolts and
nuts to see that they are tight; do
this before any long trips.
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What To Do Every Month
* Have your battery inspected and
tested by your dealer, or at the
nearest Exide service station. On
request, your dealer will furnish
you with a card entitling you to
this service free of charge. Be
sure to take advantage of it. If
you cannot have the battery
inspected and tested, do so yourself. If you find that any solution
has been spilled, be sure to remove the battery and clean both
battery and box.
* Lubricate the magneto with a
few drops of good oil placed in
the oil cups.
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What To Do Every 2-Months

What To Do Every Year

Handling of Brake and Clutch

* Pack the bearings of the front
and rear wheels, as well as
the bearings of the sidecar
wheel with good cup grease.

* Take the muffler apart and
clean it thoroughly.

* The amount of “set” or wear on
the brake lining depends entirely on the care used in handling the brake.

* Inspect, clean and, if necessary, adjust the contact points
of the ignition unit.
* Inspect and reseat the brushes
and clean the commutator if
necessary.
* Inspect and, if necessary,
readjust the exhaust valve
tappets and push rods.

* Remove the seat post and
lubricate the springs thoroughly with heavy grease.
* Have your dealer take the motor
apart for cleaning and inspection.
It is advisable, even though the
motor has regularly been flushed
with kerosene, to have it taken
apart and all carbon scraped
from the cylinders and pistons,
especially from the more or less
inaccessible parts.
The valves should be cleaned,
and, if necessary, reseated
and ground.
The motor parts should be
inspected carefully, especially
the pistons, rings, piston pins,
crank case and connecting rod
bearings.
Any worn parts should be
renewed.
This attention is sure to mean
a smooth running motor for
the next season.
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A careless rider may find it
necessary to adjust his brake
every 500 miles. On the other
hand, a careful rider, one who
uses his brake properly, may
not be obliged to adjust it
inside of 4000 or 5000 miles.
* What is true of the brake is
also true of the clutch. The
rider who is not afraid to use
intermediate gear and low
gear when occasion demands
it, will not have to adjust his
clutch as often as the rider
who attempts to negotiate
every hill on high gear or to
pull through a long stretch of
sand or mud without shifting
into intermediate gear, or low
gear.
A hard pull causes a certain
amount of “set” in the clutch,
and only an occasional adjustment is necessary if the clutch
is used as it should be.
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Some riders find it necessary
to adjust the clutch every 800
or 1000 miles.
Other riders will go through
an entire season without tightening the clutch more than
once or twice.
The Harley-Davidson clutch is
shown at Figs. 299 and 301,
the latter, over, showing its
important parts as they appear when clutch is dismantled.

Fig 299 - Change Speed Gearing &
Clutch Assembly of Harley-Davidson
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To Adjust the Foot Brake
If the foot brake does not hold
and the foot pedal can be forced
down to the foot board, the
brake rod should be shortened.
To shorten the brake rod, remove the pin “E” connecting the
clevis of the brake rod to the
brake arm shown at Fig. 302.
Loosen the clevis lock nut “F”
and screw the clevis “G” farther
on the brake rod until the desired adjustment is ob-tained.
Caution: Do not set up the
brake too tight or overlook replacing the cotter pin in the
brake clevis pin.
With the machine on the stand
the wheel must turn as freely as
before the brake was adjusted. If
the brake does not hold and the
pedal cannot be pushed way
down, inspect the pedal to see
whether it is stuck or whether the
various joints along the braking
mechanism need lubricating.
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To Adjust the Hand Brake

To Adjust the Clutch

The handbrake (which is only furnished as special equipment) requires adjusting from time to time
due to natural wear, as well as
when the position of the rear wheel
has been changed to adjust the
chain. The proper ad,justment can
in most eases be obtained by merely adjusting the brake band eye bolt
“A” and clamp “D.”

If it is noticed that the clutch is
slipping and will not hold properly when pulling hard, it
should he adjusted at once.

Before making any adjustment it is
advisable to remove the long drive
chain and set the machine on the
stand. If the brake will not hold
properly, loosen nut “C” in illustration, a few turns; then tighten nut
“B.” Be careful that the brake is not
set tight enough to drag, by turning
the wheel while making this adjustment.
The wheel must turn perfectly free
after the adjustment has been
made, and the brake lever must
bear against the stop when released. If the lever will not bear
against this stop, brake action will
be lost. In this case readjusting of
the frame clamp “D” on the stay will
be necessary.

Before turning the adjusting
screws make sure that the
adjust-ment of the clutch lever
is correct as explained in the
following paragraphs.
If the clutch lever has no free
motion when in the extreme forward position the clutch will
slip. Therefore see that this
adjustment is correct before
tightening the adjusting screws.
The clutch will not hold even
though the adjusting screws are
tightened, if the adjustment of
the clutch lever is not correct.
On the other hand, the clutch
will not release if the hand lever
has too much play. To insure
that the clutch holds and releases properly the clutch hand
lever must have 1/2 inch to 3/4
inch free motion at the top end
when it is in the extreme forward position.
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If the clutch lever of a threespeed model has no free motion
when it is in the forward position, turn the nuts off the clutch
pull rod until this free motion is
obtained.
One-quarter turn of these nuts
will make a decided difference i»
the clutch lever adjustment.
These nuts are reached through
the large hole in the chain
guard, without removing the
latter. A special wrench, No.
DK805 in illustration Fig. 288,
is provided for this purpose.
After turning the adjusting nut,
tighten the lock nut.
If the clutch slips and it is seen
that the adjustment of the clutch
lever is correct, it is generally
possible to tighten the clutch
sufficiently by giving each of the
six clutch adjusting screws onehalf turn to the right. These
screws can be reached through
the small hole in the chain guard,
without removing the latter. Care
should be taken to see that the
six screws are given the same
number of turns regardless of
how hard some may turn.
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One-half turn is
generally sufficient,
but if this does not
tighten the clutch
enough, a second
half turn, making
one full turn for
each screw, should
prove to be ample.
The adjusting
screws are selflocking, therefore
be sure that each
screw drops into its
seat properly after
each half turn.
Sometimes the
rider may find that
the clutch engages
too quickly, or that
there is too much
free motion when
the clutch lever is
all the way forward.
In this case the
clutch will not
release. This can be
remedied by turning the adjusting
nuts farther onto
the clutch pull rod.
479
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Care of the Hubs
The only attention required by
the hubs is lubrication with cup
grease every 3000 miles, and
occasional inspection to see that
the bearings are properly adjusted.
* To test the adjustment of the
hub bearings, turn the wheel
slowly to see whether it spins
easily and rolls freely.
* Then see if there is any shake
to the wheel, that is, any great
amount of side play or lost
motion.
A very slight shake indicates
proper adjustment.
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Adjust and Lubricate the
Front Hub
* To overcome shake in the front
wheel it is best to remove the
wheel from the machine.
* Remove the cotter pin in the
castellated lock nut and then
the nut.
* Remove the axle which is of
the knock-out type and take
out the wheel.
* Loosen either one of the cone
lock nuts.
* Remove the lock washer from
the pin in the cone; then turn
the cone to the right until
nearly all shake is eliminated.
* Fit the lock washer and firmly
draw up the lock nut. See that
there is a very slight shake in
the bearing.
* Replace the wheel in the forks
and draw up the castel-lated
lock nut; then replace the
cotter pin. Try the wheel once
more for play.
* Make. sure that there is a very
little play as an indication that
the bearing is not being clamped.
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* To lubricate the front wheel
bearings, the cones must be
taken apart and removed from
the wheel.
* Wash the cones, balls and ball
races with gasoline.
* Inspect carefully for wear.
* If the parts are O. K., pack the
races with good cup grease
and reassemble.
* An oil cup is also provided.
* Inject a few drops of oil every
two weeks.
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Adjust and Lubricate the
Rear Hub
* Remove the wheel from the
frame.
* Remove the left axle clamp
nut, left axle clip, spacer
washer, left cone lock nut and
left cone.
* Draw out the axle to the right.
* Wash the axle, cones, balls
and ball races with gasoline.
* Inspect for wear. If the parts
are O. K., pack the races with
good cup grease and reassemble.
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To Clean Your Motorcycle
It pays to keep your motorcycle
clean. A clean machine is attractive.
There is a pleasure in driving it. To
keep your motorcycle clean will also
keep your clothes clean. Many
parts of your motorcycle are easily
damaged by allowing dust, grit and
dirt to get into the working parts.
When it is necessary to wash your
motorcycle use cold water and a
good grade of soup —Ivory Soap is
recommended. Be sure to rinse of
all traces of soap with clean water,
because soap is injurious to the fine
enameled finish.

* Adjust the bearings with the left
cone. The right cone is locked
stationary. The adjustment is
O. K. if the axle can be turned
perfectly free before the wheel is
placed in the frame.

After washing, be certain that all
parts are thoroughly dried to prevent rust. The enameled parts may
be dried readily with a good clean
chamois skin which has first been
thoroughly soaked and then wrung
out as dry as possible. Chamois
Caution : Never use a thin lubri- skin will not absorb water readily
cant, such as oil or vaseline, in
unless it has been thoroughly
the rear wheel hearings. Such a moistened.
lubricant will in time work past
To prevent scratching, never atthe oil retainers, get into the
tempt to clean any part of the mabrake and cause slipping.
chine, whether nickeled or enameled, with a dry rag. Gasoline may
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be used to clean the motor parts
and other nickeled fittings.
Care must be used to see that the
gasoline does not come in contact
with any enameled parts, because
gasoline is injurious to the fine
finish.
A good way to clean the motor is to
use a brush to apply the gasoline,
after which the parts are wiped
with a piece of cheesecloth.
When washing the motorcycle,
cover up the magneto or generator.
If your motorcycle is badly covered
with mud, better turn a hose on the
parts covered with the most mud,
giving the latter a chance to soak
before attempting to remove. When
using a hose, take off the nozzle
and just let the water run over the
parts, taking care to see that the
water is only turned on part way.
This helps to prevent injury to the
finish. To polish highly finished
nickel plated parts, use nothing
except a piece of cheesecloth
moistened with kerosene, or a
high-grade metal polish such as
can be purchased of any HarleyDavidson dealer.
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Lubrication & Care of the Three Speed
Transmission.
The only care or attention the three-speed transmission,
shown at Fig. 299, requires is that the proper oil level be
maintained. Under no circumstances should so-called
transmission grease, such as is used in many automobile
transmissions, be placed in the Harley-Davidson gear box.
We recommend Harley-Davidson motor oil for transmission
lubrication, the grade of oil depending on the season. Use
the heavy oil in summer and the light oil in winter.
The transmission oil lever should be inspected at least once
every 500 miles, or, say, once each week. Keep the level up
to the top of the filler opening, and be sure the machine is
‘standing level when the box is filled. Oil should be put in
very slowly as it takes time to reach all low parts of the
transmission.
There are several small oilers provided for lubricating
the shifting device, clutch crank, etc. These should be
taken care of with a drop of oil every week. A nice,
smooth, easy working control makes it a pleasure to
drive a motorcycle, while a difficult operating control will
prove to be a constant source of annoyance.
Too much emphasis cannot be laid on the fact that liquid oil only should be used in lubricating the threespeed transmission. Hard oil or grease should not be
placed in the transmission, even for emergency use,
either in winter or summer. If Harley-Davidson oil cannot be obtained, use some other good motor oil for transmission lubrication.
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Proper Adjustment of
Drive Chains
When the chains are properly
adjusted they should be fairly
tight, that is to say, they must
not “hang” to any appreciable
extent.
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Adjusting Front Chain
* Loosen the four nuts beneath
the three-speed gear box with
wrench No. DK807, Fig. 288.
* Loosen the lock nut on the
adjusting screw which is exposed on the right rear side.

*
On the other hand, they must
not be tight in the strict sense of
the word. There should be a
*
little play.
The average rider does not give
his chain adjustment enough
attention and it is such a simple
matter to take proper care of
the chains on the HarleyDavidson, that there is no excuse for this neglect at all.

A few turns of the adjusting
screw will effect a decided
tightening in the front chain.
The chain should be watched
carefully while the adjusting
screw is turned.

* Be sure to tighten the four
nuts on the bottom of the
trans-mission and also the
adjusting screw lock nut after
adjusting the front chain. This
is extremely important.
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Adjusting the Gear Shift
and Clutch Rods
If, after adjusting the chain, it is
found that the gears do not
engage readily, it will be necessary to readjust the three-speed
shifter lever or the bracket on
the frame loop, on account of
the change in the position of the
gear box. It will be difficult to
shift into high gear if the shifter
shaft comes in contact with the
frame loop.
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When the clutch hand lever is
way forward, the foot pedal
must be in the same direction.
If it is not, lengthen or shorten
the foot clutch pedal rod as may
be necessary.

If the shaft touches the frame,
loosen the two cap screws that
clamp the shifter bracket onto
the frame a few turns, and tap
the shifter bracket to the right
and upward as may be needed.
It should be possible to insert,
one thickness of paper between
the shifter shaft and frame loop
when the gear shifter lever is in
high gear. After adjusting, tighten the cap screws.
It may also be necessary to adjust
the clutch lever rod leading to the
foot lever, to, compensate for the
new chain adjustment.
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To Adjust the Rear Chain
The rear drive chain is adjusted
by sliding the rear wheel backward or forward in the frame.
* To tighten the rear chain,
loosen the axle clamp nuts,
adjusting screw lock nuts and
the brake arm clamp bolt a
few turns, and turn the adjusting screws farther into the
axle clips.
* To loosen the rear chain, the
wheel will have to be pushed
forward after the adjusting
screws have been turned farther out of the axle clips.
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Be sure that the chain runs
true. Line up the rear drive
sprocket properly with the
counter-shaft sprocket. See that
all nuts are again securely tightened.
As a matter of precaution always carry one or two chain
repair links in your tool box
besides the chain tool, for the
unexpected may happen in the
form of a stick or stone being
thrown between the drive chain
and sprockets, resulting in a
broken chain. With a repair
link and a chain tool a quick
repair can be effected.

When adjusting the rear drive
chain, be sure that the screws
in both axle clips are given the
same number of turns. This will
facilitate correct adjustment
without the necessity for testing
the wheel alignment a number
of times.
Under no circumstances attempt
to operate the motorcycle with the
rear wheel out of alignment. This
may result in a broken chain at
any time, besides causing rapid
chain and tire wear.
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To Repair a Drive Chain
Examine both chains carefully
every week or two.
If a broken roller is found, fit a
complete new link at once, because a broken roller is very
hard on the sprockets and is
likely to make the chain jump a
sprocket, thereby breaking the
chain or doing more serious
damage.
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How the Chain Tool Is To
Be Used
If a chain is to be re paired, refer
to the illustration, Fig. 303,
showing how the chain tool is to
be used. Be sure that the roller
pin or rivet, of the chain is exactly beneath the point of the
repair tool handle.
If the chain has been properly
placed in the tool, it is an easy
matter to screw in the handle,
thereby forcing the pin from the
chain.
Whenever a chain is taken
apart, it will be found necessary
to remove at least two rivets or
pins.
After fitting a new chain link, be
sure to put a few drops of oil
between the rollers and the
sides of the chain, taking care
that the oil works iu below the
rollers. It is important to keep
every roller properly lubricated.

486

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

Operation of HarleyDavidson Automatic
Mechanical Oil Pump
The Harley-Davidson oil pump
has no check valves to stick, no
ball valves to “float,” no valve
springs to break and no small
parts to go wrong. In illustration
Fig. 304 the rotary valve member
R. rotates in a left hand direction,
looking at it from the top.
After the cam II has raised the
plunger P to its highest point,
the spring Y returns the plunger, drawing a change of oil from
the tank through the supply
pipe S, and through the intake
system as follows :
Through the channel L, oil
reaches the intake port I, in the
valve chamber. The port I is
connected with the hollow center C of distributor R. From C
the oil passes through the opening A into the distributor channel X, then through channel B
to pump chamber T.
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Just after the completion of the
intake stroke of the plunger P
the intake port I closes and the
discharge port D opens, lining
up with channel E.
As soon as the plunger is raised
by the cam H, the oil in chamber T is discharged through the
channels B, X, A, C, D (D is now
opposite E), E and F to the sight
feed. From the sight feed the oil
is forced to the motor through
opening G.
Although the highest crankcase
pressure registered to date in
any Harley-Davidson motor
tested was 4 pounds to the
square inch, the Harley-Davidson oil pump will operate
against a pressure of 70 pounds
if necessary. It is absolutely
infallible in its operation. There
are no small parts to break.
The pump has but two moving
parts, the plunger “P” and the
distributor valve member “R,”
rotated by a worm gear made
integral with one of the gears.
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To Adjust the Automatic
Oil Pump
When each motor is tested at the
factory the mechanical oiler is
adjusted so as to give the proper
oil supply at speeds up to 45
miles per hour. With this adjustment a half pint of oil will average
approximately 45 miles (720
miles to the gallon), if HarleyDavidson cylinder oil is used. This
adjustment, as it leaves the factory, is such that plenty of oil will
be fed to the motor and should
not be changed excepting for good
reason.
When the machine leaves the factory the mechanical oil pump is not
fitted with any definite number of
washers at “K.” The number of
washers varies, depending on the
amount required to give the plunger 1/32 inch stroke.
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When all the washers have been
removed the plunger has no
stroke, and nothing can he
gained by. counterboring the
cover or adding to the length of
the screw.
In the tool box will be found two
thin washers, each .013 inch
thick and two washers each
.065 inch thick.
To increase the oil supply, add
one of the thin washers at a
time to the standard washers
with which the machine comes
from the factory, until the proper oil supply is obtained.
Be very careful not to reduce the
oil supply below the safety margin. It is better to feed a trifle too
much oil than to run the chance
of underoiling, but an absolutely
correct adjustment can be made
and should be.

If for good reason it is desired to
decrease the oil supply, remove
one thin washer. The adjusting
screw “.J” regulates the stroke
of the oil pump plunger and
should be securely tightened
after adjusting.
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What To Do When Oiler
Overfeeds
It may happen in a rare case
that the motor receives too
much oil with the adjusting
screw raised as far as possible.
In that event make the following
adjustment, fill the oil tank.
* Remove the operating shaft
chamber cap vent screw “N.”
* If the oil does not overflow readily,
the oiler ports are not in line and
the motor should be turned
slowly until the oil overflows. Let
a reasonable amount of oil overflow and replace the screw firmly.
Then remove the plunger chamber cap vent screw “M” and let
the oil overflow in the same manner as before. Replace the screw
firmly.
After venting the oiler as just
explained, regulate the oil supply by placing the same washers
on the adjusting screws with
which the machine was received
from the factory. Drain the motor and fill with 1-1/2 pumpfuls
of oil with the hand pump.
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Use Good Oil
For the protection of HarleyDavidson owners, genuine Harley-Davidson oil is put up in one
gallon and five gallon cans that
are scaled and bear the name
and trade mark lithographed on
the tin.
By purchasing this oil in original
scaled containers, Harley-Davidson owners are assured of getting the genuine Harley-Davidson oil.
Harley-Davidson oil is sold by
most Harley-Davidson dealers
and for convenience we advise
the rider to get his oil from the
dealer directly.
If your dealer does not sell Harley-Davidson oil he will obtain it
for you.
If you are so situated that you
cannot buy oil from a dealer,
write the factory. Take no
chances. Use only the genuine.
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Flushing the Motor With
Kerosene
Flush your motor every 750 miles.
The purpose of flushing the motor
is to loosen up and remove the
carbon which may have accumulated in the combustion chambers, to
keep the piston rings free and also
to thoroughly clean out all the old
oil and grit from the motor.
Frequent flushing is recommended
even though Harley-Davidson oil is
used, because all oil contains some
carbon and frequent cleaning is the
simplest means of keeping the
motor in sweet running order. If a
motor is not flushed from time to
time, the carbon becomes hard and
scraping is the only remedy. A
carbonized motor overheats, loses
power and will knock readily.
Another important advantage of
frequent flushing is that the motor
is kept free from particles of dust
and grit that will work through the
carburetor. Unless this foreign
matter is removed, it will combine
with the burnt oil and carbon,
forming a mixture that will act as
emery on the cylinder, the pistons,
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and the bearings, and cause excessive wear. Flushing with kerosene
is an inexpensive way of keeping
the motor in fine trim the year
round.
It is best to flush the motor while it
is hot. Do not run the motor on the
stand to heat it but always flush
after a ride. Disconnect the spark
ping cables from the spark plugs.
This is im-portant. Open the priming cocks and inject five gunfuls of
kero-sene into each cylinder. The
kerosene striking the hot motor is
vaporized, loosening the carbon
from all surfaces. If the kerosene
were injected in a cold motor, this
advantage would be sacrificed, for
the kerosene would only reach the
piston heads.
After having injected the kerosene,
fill the crankcase with kerosene.
Disconnect the hand pump oil pipe
at the lower connection; then remove the nipple from the crankcase and pour in a quart of
kerosene. Replace the nipple
and connect the oil pipe.
Of course, the spark plug cables
must be disconnected as al491

ready instructed, for if an explosion occurred while the motor
were filled with kerosene vapor,
serious damage might result.
Turn the motor over briskly 10
or 15 times to distribute the
kerosene and to thoroughly
clean the crankcase, remove the
crankcase drainplug as quickly
as possible, and the burnt oil,
carbon and kerosene will drain
out before the solid matter has
had time to settle.
Be sure to turn over the motor a
few times while draining, because this will materially assist
the removal of all solid matter.
Tilt the machine over to the left
slightly and do not replace the
crankcase drainplug before you
are sure that all kerosene has
drained off.
Replace the drainplug and
pump two pumpfuls of oil into
the crankcase with the hand
pump. Crank the motor a few
times to distribute the oil to the
bearings, cylinder and piston
surfaces before running the
machine.
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Advice on Lubrication
One of the most important considerations, making for efficient
action and promoting long life of
the mechanism, is to provide
proper lubrication.
The lubrication of the power
plant is the most serious proposition. The best oil is the only
kind that should be used, as
more good motors have been
ruined by the use of lubricant of
improper quality or insufficient
quantity than have been destroyed by accidents.
If a drip sight feed is used, as in
early models, a medium grade
oil may be employed in warm
weather, but a light grade will
be necessary in cold weather.
If the supply is by mechanically
operated pump, a heavier bodied lubricant may be used than
when the drip feed system is
employed.
When oil is introduced to the
engine crankcase by means of a
hand-operated pump as on very
early models, such as built prior
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to 1913-14, which means that
lubrication is directly under the
control of the rider, one pumpful of oil, every 8 or 10 miles, at
speeds of 20 miles per hour will
be sufficient.
For a speed of 30 miles per
hour, it will be necessary to
inject a pumpful every 5 or 6
miles.
It is better to over-lubricate a
machine than not to supply
enough, so - any time that the
rider is in doubt it will be well
to inject another pumpful on
general principles.
If the engine is over-lubricated,
the exhaust will be smoky. If a
mechanically operated oil pump
is used and the hand pump is
provided only as an auxiliary, it
will not be necessary to supply oil
except at such times that the
engine is run exceptionally fast.
Among some of the points that
should receive oil every time the
machine is used may be mentioned the valve lifters, or rocker arms, the free engine clutch,
the steering head, and the vari492

ous hinges and joints on the
spring frame or spring fork.
If a two-speed gear is provided
the supply of lubricant should
be renewed every 300 miles.
Planetary gearing requires more
lubricant and a lighter semifluid grease than either the
sliding clutch or sliding gear
forms.
It is well to put a few drops of oil
in the front hub and coaster
brake oilers every day.
About the only point on the
motorcycle that can receive too
much oil beside the engine interior is the magneto, and only a
few drops are required every two
or three months to insure adequate functioning of this device.
A special light oil is necessary
for the magneto, and a good
grade of sewing machine or 3 in
1 oil will be found satisfactory
for this purpose.
The hand oilcan may be filled
with cylinder oil which can be
used on all points of the machine, because if it is good
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enough for the engine interior, it
is much better than needed for
the various external parts.
The ball bearings in the hubs,
countershaft, and steering head
may be packed with grease once
or twice a season which will be
adequate.
Specific instructions are given
for oiling leading motorcycles in
proper sequence.
The principal points calling for
lubrication on the Indian Powerplus model is shown at Fig. 305
shown over.
.
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Care of Indian Magneto
The Aero Magneto is used on all
twin cylinder Powerplus models.
It should be oiled every 1,000
miles with magneto oil or 3-in-1
oil and the contact breaker
points should be looked at and
cleaned at least once a month.
Use sandpaper, 00 grade, for
dressing the points. Emery cloth
should not be used, it leaves
small particles in the platinum
which cause trouble.
Full instructions for the adjustment and care of this instrument are found in the chapter
on ignition.
Do not put grease or other lubricant in the timing gear casing,
as the motor automatically
takes care of the lubrication of
all the gears in the train.
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Care of Electric Generator

Care of Electric Wiring

The Splitdorf DUI generator,
shown Fig. 306, over, supplies
current for the battery and
lights. It is driven by a coiled
wire belt from a pulley attached
to the motor shaft sprocket.

All ignition wiring is heavily
insulated and thoroughly waterproof. The cable from the front
of the magneto leads to the rear
spark plug, while that from the
rear leads to the front cylinder
spark plug.

It is independent of the magneto
and is carried in front of the
motor.
An instruction book for this
generator is found in the tool
box of every electricallyequipped Powerplus motorcycle.

Keep all connections tight and
inspect cables occasionally for
chafing.
If chafing occurs, tape worn
places and fasten cable to prevent recurrence of trouble.
The wiring for the lighting system is heavily insulated, also.

Write the Splitdorf Electrical
Company for additional informaKeep the connections tight.
tion.
Watch the ammeter and lights
as a check on the condition of
these cables.
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Operation of Lamp and Horn
The headlight has two bulbs, a
main and a pilot. The small or pilot
bulb is above the main bulb; it is
used when riding in cities and
towns and other places where a
bright light is prohibited. It is also
used when the motorcycle is standing at the curb.
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to the horn switch on the right
handlebar. Pressing the horn
switch blows the horn.

What the Ammeter
Indicates
The Indian ammeter, fitted to
electrically-equipped Powerplus
models, gives an indication of
what is going on in the entire
electric system. It is also a firstclass trouble detector, when any
arises.

The main bulb is of 21 candle power and is provided with a focussing
attachment. Both bulbs arc controlled by a push-button and a
bayonet-joint switch. The latter is
connected to a wire from the ammeter.

The ammeter shows a range of 5
amperes charge and discharge.
The zero of the scale is at the
center; all marks to the right
indicate that. the battery is
charging. All marks to the left of
the zero indicate discharge. The
long marks are whole amperes
while the short marks are half
amperes.

When the bayonet-joint switch is
pushed in and turned to the right,
one of the two bulbs is on. To light
the other, use the push-button
switch. One pressure changes the
light from one bulb to the other.
Both lights are extinguished when
the bayonet-joint switch is turned
to the left.

When motor is stopped and
lights not being used, the pointer should cover the zero on the
scale. When the motor is running and the lights are off, the
pointer will indicate the amount
of current sent into the battery.
Normally this will be between 2
and 3 amperes, according to the
speed of the motor and the condition of the storage battery.

An electric horn is of the vibrator
type, mounted on the handle bar
close to the head. A wire leads from
the ammeter to the horn socket,
while a second goes from the horn
498
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When tail light and pilot bulb are
on and the motor stopped, the
pointer will indicate half an ampere discharge. With main headlight bulb and tail light on, motor
stopped, the pointer will show 2
amperes on discharge side.
When motor is running and lights
are on the ammeter will show the
difference between the amount of
current the generator is giving
and what the lamps are taking.
This will be shown on the charge
side of the scale. Horn blowing is
shown on the discharge side of
the scale, as the horn takes 2 to
2-1/2 amperes.

8. MOTORCYCLE MAINTENANCE

Ammeter As A Trouble
Detector
With motor stopped and lights
off, if the pointer shows a discharge, there is a short circuit
in the sys-tem. Hunt for it. With
motor running, if the ammeter
pointer jumps quickly or moves
continually from side to side,
there is a loose connection. If
the pointer moves to the charge
(right) side, the loose connection
is between generator and battery. If it moves to the discharge
(left) side, the trouble is between
the battery and lamps or horn.
If there is an open circuit between
battery and generator (very rare),
the ammeter will indicate normal
discharge for the lamps which are
lighted, whether the motor is
running or not.
Trace the broken wire and repair immediately. If the open
circuit is between the battery
and lamps or horn, the ammeter will show ex-eessive discharge when the lamps arc! on.
If this is not, corrected, the
lamps may burn out.
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With motor stopped and lamps
switched on, if the pointer
shows zero and the lamps do
not burn, there is a break between battery and lamps.
A break or open circuit between
the main wire and any lamp will
he indicated by that lama) not
burning, and the ammeter will
indicate the discharge for the
remaining lamps only.
If when the motor is running
and no lights on, the ammeter
pointer stays at zero, the driving
belt may he found to be loose or
broken.
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General Maintenance of
Motorcycle
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What Spares To Carry
For average riding, carry the
regular tire and tool kits, spare
chain links and connectors, a
spark plug, an extra valve, a roll
of tire tape, some copper wire.

Where to Oil Indian
Motorcycle and When

Keep it clean. Give it this attention regularly, as it will keep the
mechanism at its best working
point. The appearance of the
machine also reflects on the rider. For long trips, in addition to the
above, carry a spare inner tube
Use kerosene on enamelled
parts, not gasoline. Use gasoline well wrapped and not placed in
the tool box, a few cotter pins,
to remove grease and oil from
miscellaneous nuts and washthe motor base, motor, etc.
ers, a valve inside or plunger
Gasoline will dim the lustre of
the enamelled surfaces, hence it (tire valve, and an inside blowshould not be used on them. Do out patch.

Study the Oiling Diagram in Fig.
305 and follow the directions
carefully. To remind you:

not use either gasoline or kerosene in the presence of an open
flame, or a fire may result..

It is not necessary to load the
machine with enough parts to
rebuild it.

* Put on a paste of oil and
graphite. See Care of Chains.

The use of a good nickel polish
will prevent rusting of plated
parts. Kerosene can also be
used on these parts if polish is
not available. A clean motorcycle adds to the pleasure of operating it and also makes it worth
more when offered for sale.

Genuine Indian parts can be
obtained from Indian dealers in
every important city and town.

1,000 MILES.

BELL CRANKs

Try all bolts and nuts at least
once a week. Any loose parts
will be detected by regular inspection of this kind and prevent trouble on the road.

THREE-SPEED Box.

* Give a turn on the lubricator
handles at frequent intervals.
Refill with cup-grease when
empty.

* See Oiling directions under
Three-Speed Gear.

ONCE A WEEK.
* Oil shackle pins of rear springs
and front, fork link. Oil clutch. Oil
working joints of brake, clutch
and gear shift linkage. Oil hinge
of rent. fork crown.

500 Miles

* A few drops of light oil in magneto and electric generator.

HUBS
* Pack with grease twice a season.
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Tips Which Save Trouble
* Don’t race the motor on the
stand. This abuse has ruined
more motors than road use.
* Don’t use inferior oil; use the
oils recommended. They keep
the motor new.
* Don’t neglect to oil all parts
needed, as indicated in the
Oiling Diagram.
* Don’t oil electrical apparatus
any oftener or anywhere than
when directed to.
* Don’t forget, that the motorcycle will serve you in proportion to the way you operate it
and care for it.
* Don’t forget to keep the motorcycle clean; inspect it regularly
and make neemary adjustments in the garage. It is more
covenient and pleasant than
having to do it on the road.
* Don’t forget you can obtain
service from over 2,800 Indian
dealers. You don’t have to
carry a repair shop with you.
* Don’t expect to get from the
battery more than 90 per cent
of the current you put in it.
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* Don’t use counterfeit parts. They
are made of poor material, wear
out rapidly, require frequent
replacement and void the guarantee. Genuine parts are better
and cheaper in the long run.

* Be sure to see that your registration card is fled with the
factory at the earliest possible
opportunity.

* Don’t fail to keep tires properly
inflated at all times.

* Keep lighted matches and flames
away from your motorcycle.

* Don’t spin the rear wheel
when starting. Let the clutch
engage gently. Each time the
wheel spins, rubber is worn
off the tire,. cutting down its
mileage and rendering it more
susceptible to puncture.

* Never run the motor more
than a few seconds at any
time on the stand.

* Don’t daydream while riding.
Keep your eyes on the road at
all times.
* Don’t look at the control levers
every time you operate them.
Get the habit of locating them
instinctively.
* Don’t open and close the
throttle suddenly. It injures
the motor and makes enemies
for motorcycling.
* Don’t force the machine to climb a
hill on high gear when the motor
is laboring. It strains the motor
and transmission. Change early
to a low gear.
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* Keep your tires pumped up to
proper pressure.

* Keep all control parts properly
oiled and working easily.
* Keep your chains properly adjusted, clean and well lubricated.
* Never take your machine apart
unless it is a matter of urgent
necessity.
* Never ride through a town with
your muffler cutout open.
* Never exceed the speed laws of
your locality.
* See that the three-speed
transmission is kept properly
filled with oil.
* Keep your small gasoline or
emergency tank filled and
closed for all ordinary riding.
This will insure an emergency
supply when you need it.
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Three Basic Principles of
Efficient Motor Service

* Do not run your motor on the
stand more than absolutely
necessary and never at high
* Use good oil and flush your
speed.
motor with kerosene every 750
miles.
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* Let a new motor work in gradually
before running it at high speed
on the road. Do not run faster
than 35 miles per hour during
the first 300 miles.
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Operation and Care of the
Cleveland Motorcycle
Broadly speaking, the mechanism of the Cleveland Motorcycle, shown at Fig. 307, prev. p.,
may, for convenience in explaining the functions of the various
parts, be considered as consisting of three general groups or
units. The first will include all of
the parts corresponding to an
ordinary bicycle, such as the
frame, front fork, wheels, handle bar, etc., all of which are so
generally understood that no
further comments regarding
them should be necessary.
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three port, two stroke type, this
being the design which is used
on the Cleveland.
Figs. 308 to 310 inclusive show
a motor of this type with its
outer walls cut away and its
moving parts in the positions
which they occupy at different
times during the cycle of operations.
Referring to Fig. 308 the various
parts may be identified as follows : “A” represents the cylinder, inside of which the closely
fitting piston “B” may be made
to move up and down. The connecting rod “C” is furnished with
a bearing at its upper end
through which wrist pin “D”
passes to hinge it to the piston,
at its lower end, crank pin “E”
passes through another bearing
into flywheel “F” which turns in
the air tight crank case “G.”

The second group, or power
unit, includes the motor with its
carburetor, muffler and ignition
apparatus, the transmission or
speed changing device and the
clutch, while the third group or
control system consists of the
various pedals, levers, and other At “H” is the inlet port or opening through which gas is admitmechanism by means of which
ted to the motor, with the exthe motorcycle is operated.
haust port “K,” through which
The simplest practical form of
the burned gas escapes, directly
gasoline motor in use at the
above it.
present time is known as the
503

By-pass “L” is a passage which
connects the crankcase with the
cylinder through the transfer
port “M.” “R” is the spark plug,
between the points of which the
spark for igniting the gas takes
place, and “S” is the compression
release valve, the object of
winch will be explained later.
Having identified all of the essential parts of the motor, we
will now consider what takes
place when it is in operation.
Starting with the piston at the
bottom of the cylinder as shown
by Fig. 308, assume that the
flywheel is being slowly turned
around by hand, moving always
in the same direction.
As the flywheel turns, the piston, pushed up into the cylinder, by the connecting rod, acts
as an air pump, creating a partial vacuum in the crank case,
which, as previously mentioned,
is air-tight.
As the piston moves up to the
position shown in Fig. 309A its
lower edge begins to uncover the
inlet port, leaving an opening
through which the gas passes,
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drawn in by the vacuum in the
crankcase.
By the time the piston reaches
the top of the cylinder (Fig.
309B) the inlet port is entirely
uncovered, and the motor has
taken in a full charge of gas.
Continued movement of the
flywheel causes the connecting
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rod to pull the piston back toward the lower end of the cylinder, closing the inlet port and
preventing the escape of the gas
which has just been drawn into
the crankcase. Further downward travel of the piston compresses this gas, until, in the
position shown in Fig. 310A, its
504

upper edge begins to uncover
the transfer port, allowing the
compressed gas to pass from
the crankcase through the bypass into the cylinder.
When the piston reaches the
bottom of the cylinder and is
back in the position shown by
Fig. 308, the transfer port is
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wide open, and the full charge of
gas has passed from the crankcase to the cylinder.
It will he noted that at this time
the exhaust port is also wide
open, and it might be expected
that the incoming gas would
pass directly over the piston and
out of the exhaust port without
doing any useful work. However,
this is avoided by means of a
projection or baffle plate on top
of the piston, the object of which
is to deflect the incoming gas
toward the top of the cylinder
and away from the open exhaust port.
The piston now starts once more
on its upward travel, closing the
exhaust and transfer ports and
again compressing the gas,
which, however, is now, in the
cylinder instead of the crankcase. In the meantime another
vacuum is being created in the
crankcase and the inlet port
opened to admit another charge
of gas, exactly as was done during the first upward stroke. At
the instant when the second
upward stroke is completed and

the piston is once more in the
position shown by Fig. 309B,
the compressed gas above it is
ignited by a spark at the spark
plug, driving the piston down on
its power stroke, and at the
same time compressing the
fresh charge in the crank case.
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Nearing the end of this stroke
the top of the piston uncovers
the exhaust. port. (see Fig.
310B) allowing the burned gas
to escape through the muffler
and outlet pipe.
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Immediately after the opening of
the exhaust port, the transfer
port is again opened to admit.
fresh gas (Fig. 3l0A) thus
com-pleting the cycle of operations which, after the motor is
started, is repeated at every
revolution of the flywheel or “two
strokes” of the piston.
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large surface which the relatively
cooler air blows against. when the
machine is running. The Cleveland unit power plant construction is clearly shown in Fig. 311,
over, which outlines all important parts as they actually appear
in the engine.

Transmission Gear
Every bicycle rider is familiar
with the fact that it is much
easier to propel a low-geared
bicycle up hill or through sand
than is the case when a highgeared machine is used.
The terms “low-geared” and
“high-geared.” as used in this
connection, refer to the ratio
between the number of times
which the rear wheel will revolve
during a given number of turns
of the pedals.

In order to prevent leakage of gas
past the piston, it. is provided
with three grooves into which cast
iron piston rings “T”, Fig. 308, are
closely fitted. These rings are
made slightly larger than the
inside diameter of the cylinder
and split so that they spring out
against the cylinder wall, thus
forming a gas-tight joint.

For instance, if the rear wheel
on one machine makes two
revolutions to one of the pedals,
it would be low geared as compared with one on which the
wheel makes three revolutions
while the pedals are making
one.

On account of the rapidity with
which the successive charges of
gas are ignited in the cylinder, it
is evident that a great deal of heat
is generated, which, if not dissipated in some manner, would
interfere seriously with the operation of the motor. This is taken
care of by providing the cylinder
with a number of fins or flanges
which greatly increase the area of
its outside wall, and provide a

Assuming that a certain pressure on the pedals is required to
turn them, it is evident that in
traveling a given distance, this
pressure can be exerted more
frequently with a low-geared
machine than is possible with a
higher gear.
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The same explanation applies to
the gearing of a motorcycle; the
power stroke of the piston corresponds to the pressure which the
rider exerts on the pedals, and any
variation in the gear ratio affects
the number of power strokes delivered by the piston while the machine is moving a given distance.

The transmission gear is located
between the flywheel and the
worm, as shown in Fig. 311, and
is so arranged that when the
high gear is in use, the worm is
driven at the same speed as the
motor. With the low gear in
operation the speed of the worm
is relatively much slower.

On a bicycle, one gear ratio is usually sufficient and ordinarily no
provision is made for changing it
except by substituting larger or
srnaller sprockets. On a motorcycle, however, some means for
quickly and conveniently changing
to a low gear is very desirable, and
this is accomplished by the transmission or two speed gear, which,
in addition to the high gear or “direct drive,” provides a much lower
ratio for starting, hill-climbing, etc.

The manner in which this is accomplished is shown by Figs. 312
and 313A and B, which represent
the various parts of the transmission gear and driving mechanism
as they would appear if removed
bodily from their case or housing
and viewed from the side of the
machine.

On the Cleveland motorcycle,
the power is transmitted from
the motor through a hardened
steel worm to a bronze worm
gear mounted on the shaft
which carries the front or driving sprocket. From this point,
the drive is by chain to another
sprocket on the rear wheel.

Referring to Fig. 312, “A” is the
connecting rod and “B” is the
flywheel. These parts, together
with the worm “C” and worm
gear “D” should not be considered as a part of the transmission gear, but are illustrated in
connection with it in order to
show its action more clearly.
The transmission consists of the
flywheel gear “E,” countershaft
“
F,” worm gear “G” and transmission clutch “H” with its shift
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yoke “K.” The flywheel gear has
a long hub or extension which is
premed into a hole in the center
of the flywheel and fastened so
that when the latter is turning
the flywheel gear rotates with it,
driving the countershaft
through gear “L.”
The countershaft revolves on
countershaft pin “M,” and at its
rear end a small gear “N” drives
the worm shaft gear “G.” ‘The
front end of the worm is made
in the form of a shaft which
passes through the center of the
worm shaft gear and into the
hub of the flywheel gear.
The transmission clutch is
mounted on the worm shaft
between these gears, and may
be moved back and forth by
rocking the shift yoke. This yoke
is attached to the shift yoke
shaft “R,” which projects
through the side of the worm
gear housing and is connected
to the operating mechanism.
The hole through the clutch and
the section of the worm shaft
between gears “E” and “G” are
shaped so that although the
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clutch is free to slide back and
forth on the shaft, it must rotate
with it.
Each end of the clutch is provided with four jaws or projections,
equally spaced around the hole
through which the worm shaft
passes. Corresponding jaws are
formed on the rear end of the
flywheel gear and on the front
end of the worm shaft gear.
Assuming that the motor is
running, and the clutch is in its
neutral position, or midway
between gears “E” and “G,” as
shown by Fig. 312, gear “E,”
countershaft “F”’ and gear “G”
will all rotate, but as gears “E”
and “G” are free to turn on the
worm shaft without driving it,
no power is being transmitted to
the rear wheel.

8. MOTORCYCLE MAINTENANCE
speed of the larger gear is lower
than that of its driver, the difference being proportional to the
difference in size.
Consequently as gear “L” is larger
than flywheel gear “E,” the speed
of the countershaft will be slower
than that of the motor, and gear
“
N,” driving the large gear “G,”
causes the latter to rotate at a
still lower speed.
When the clutch is moved back
until its jaws engage those on this
gear, as shown by Fig. 313A, the
low gear is in operation, and the
clutch, gear, and worn rotate as a
unit.
To bring the high gear into action
the clutch is moved forward until
it engages flywheel gear “E” (Fig.
313B), which turns the worm at
motor speed.

As gear “E” is attached to the
flywheel its speed in revolutions
per minute is, of course, exactly
the same as that of the motor,
but the speed of gear “G ” is very
much slower, this being due to
the fact that when a large gear is
driven by a smaller one, the
510
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Fig 313 - Cleveland Motorcycle Change Speed
and Drive Gearing
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Clutch
On account of overheating, waste
of fuel, and unnecessary wear
and tear which would be sure to
result, it is inadvisable to operate
the motor for any considerable
length of time while the machine
is at a standstill.
However, it is permissible and
very convenient to run it during
short stops, such as are frequently necessary in driving through
congested traffic, etc., and the
clutch now under consideration it
fitted to enable this to be done.
It is of the friction type, and
should not be confused with the
positive or jaw clutch which is
used in the transmission, as the
functions of the two are entirely
different.

8. MOTORCYCLE MAINTENANCE
When the discs are pressed
tightly together by springs which
are provided for the purpose,
the worm gear and sprocket
revolve together, and when the
spring pressure is released, the
discs in the two sets separate so
that the worm is free to rotate
without turning the sprocket
shaft.

This arrangement permits a
slight endwise movement of the
discs, but at the same time
prevents them from turning
independent of the clutch body.
A hole in the center of each of
these discs allows the enlarged
central portion of clutch countershaft “E” to pass through
them without touching.

Fig. 314A shows the clutch engaged, with the plates pressed
to-gether as they appear when
the machine is iii motion, and in
Fig. 314B it is shown in the
released position, with the discs
separated to permit the worm
gear to turn without driving the
sprocket.

The shaft discs “F” are similar to
the body discs except that the
outer edges have no projections,
the lugs being located around
the central hole and fitting into
slots cut in the enlarged portion
of the countershaft.

Referring to Fig. 314A, “A” is the
clutch body, which, together
with c1utch cover “B,” is bolted
Its action depends upon the
to worm gear C, forming what
friction between two sets of steel may he considered a large hub.
discs, one set of which is atAround the outer edges of the
tached to the worm gear in such clutch body discs “D” are a
a manner that its discs alternate number of lugs or projections
with those of the other, the sec- which fit into corresponding
ond set being attached to the
slots cut around the inside of
shaft on which the driving
the clutch body in a direction
sprocket is mounted.
parallel to its center hole.
512

Consequently when the clutch is
released these discs are free to
turn inside of the clutch body
but must rotate with the countershaft.
Springs “G,” acting against pressure plate “H,” press the discs
together against the clutch cover. In order to simplify the drawings, Figs. 314A and B show
only seven discs, but. thirteen is
the number actually used.
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However, the principle is the same,
regardless of the number of discs.
The clutch is oper-ated by means of
a screw and nut mechanism which
is mounted on the outside of the
worm gear cover “K.”
The parts consist of a clutch
screw “L,” attached to the cover
in such a manner as to prevent
it from. rotating.

8. MOTORCYCLE MAINTENANCE

A coarse thread on the outer
end of this piece fits a corresponding thread in clutch nut.
“M,” to which clutch lever “N” is
attached.
Countershaft pin “O,” which
forms an extension of the countershaft, passes out through a
hole in the center of the clutch
screw and carries a thrust bear513

ing “R” on its outer end.
This bearing may be adjusted by
screwing in or out as may be
necessary; and locked by tightening lock nut “S” against lock
washer “T.”
A dust cover “V,” which screws
on the end of the clutch nut,
protects the mechanism from
dust and dirt.
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When the clutch nut is
screwed out by pulling
back on the clutch
lever, its motion is
transmitted to the
countershaft through
ball bearing “W” and
from the countershaft
to the pressure plate
through another ball
bearing at “X.”
This compresses the
springs and allows the
clutch to release. The
clutch and kick starter
as-sembly are shown in
Fig. 315.

Fig 315 - Disc Clutch on
Countershaft oc
Cleveland MC Driven by
Worm Gearing from
Engine Crankshaft
514
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The clutch lever is held in any
desired position by means of a
This includes the mechanism for friction device consisting of a
operating the compression requadrant, supported by units
lease, air and throttle valves and from the worm gear cover,
clutch, shifting gears, and also
against which the lever is held
the brake and kick starter.
by a star-shaped spring. Fibre
washers between the lever and
The throttle and air valves are
quadrant increase the friction
controlled by means of two
and prevent wear.
small levers which are clamped
on the handle bars just forward
Gears are shifted by means of a
of the right-hand grip, and con- double or “heel-and-toe” pedal,
nected with the valves by flexiwhich is mounted just inside of
ble wire cables. The shorter or
the right-hand foot-rest, near
top lever operates the air valve,
the bottom of the power plant;.
and the longer one the throttle.
When the rear end of this pedal
By moving either of these levers is pushed down, the low gear is
to the right, the valve which it
engaged, and by depressing the
operates is opened; when they
front end the high gear is put in
are moved to the left the valves
action. The neutral position, in
are closed. A friction device in
which neither gear is engaged,
the hubs of these levers retains
is midway between these two
them in any position in which
points.
they may be set.
In order to hold the clutch in its
The clutch lever, the upper end
high gear, neutral or low-gear
of which swings along the leftposition, as may be desired, a
hand side of the gasoline tank,
device known as a “detent” is
releases the clutch when it is
used. It consists of a small shell
pulled back, and engages it
or cup which screws into the
when pushed forward.
worm gear housing just below
the shift yoke shaft and con-

Control System
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tains a blunt pointed steel
plunger which is forced out
against one side of the shift
yoke by means of a spring.
On the side of the shift yoke are
three shallow cone-shaped depressions spaced so that when
the shift yoke is moved to bring
the clutch to any one of its three
positions the corresponding
depression comes opposite the
point of the plunger, which,
pushed out by the spring, snaps
into the depression and hglds
the clutch in place.
The brake is of the band type,
and its construction is very
similar to those used on automobiles. Surrounding the drum,
which is mounted on the lefthand end of the rear hub, is a
steel band, lined with a fabric
composed of asbestos, brass
wire, etc., which has high frictional and wear-resisting properties.
The ends of this band are attached to the brake bell-crank,
from which a rod runs to the
brake pedal. When this pedal,
which is mounted beside the
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left-hand foot-rest (see Fig. 307,
p502) for illustration of control),
is pushed down, it applies the
brake by tightening the band
around the drum. When pressure is removed from the pedal,
a spring pulls it back and releases the brake.
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Kick-Starter
As was mentioned in explaining
the action of the motor, no gas
is drawn into it and compressed, and no sparking current is generated except when it
is revolving.
Consequently, it is necessary to
revolve it, by power derived from
some other source until at least
one charge of gas has been drawn
in, compressed and ignited.

ply forming a support for the
pinion. The inner end of the hub
on this pinion and the end of
the clutch hub which is in contact with it are provided with
ratchet teeth so arranged that
when the pinion is rotated ill the
direction of the arrow, its teeth
engage those on the clutch hub
and cause the latter to turn
also.

Model A-2 is started by means
of a foot pedal or “kick-starter,”
which, when pushed down,
rotates the motor and automatically returns to its original position. In Figs. 316A and B, the
starter parts, which are enclosed in a compartment formed
on the worm gear cover, are
shown as they would appear
with their cover plate removed.

The two are held together by a
spring which is coiled around
the outer hub of the pinion, one
end bearing against the pinion,
and the other end against the
inside of the cover plate. The
ratchet permits the pillion to be
held stationary or turned in a
direct ion opposite to the arrow
without interfering with the
rotation of the clutch body or
the worm gear which is attached
to it.

On this model, the left-hand end
of the clutch countershaft is
made slightly longer than on the
other models and carries a
starter pinion “A,” Fig. 316A,
which, however, is not fastened
to the shaft, the extension sim-

The starter shaft “B.” which
projects through the cover below
the pinion, has a sector or portion of a gear “ C” keyed to it in
such a position that. when the
shaft is turned, the sector teeth
engage those on the pinion.

516
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A starter lever
“D,” carrying a
hinged pedal “E,”
is attached to the
projecting end of
the shaft. When
the starter is not
in use, this lever
is held in the
position shown in
Fig. 316A by
means of a spring
which is coiled
around the sector
hub, one end
being attached to
the worm gear
cover and the
other to the sector.
Its action, which
is similar to that
of a clock spring,
tends to hold a
lug on the sector
in contact with
the stop “F.”

The starter is operated by engaging the high
gear, releasing the clutch, and pushing
down on the starter pedal. This causes the
sector to swing into engagement with the
pinion as shown by Fig. 316B, and revolve
the motor by driving it through the worm
gear and worm.
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When the pressure on the pedal is released, the coiled spring on the sector hub
brings the parts back to their former pnsilion, the ratchet on the pinion hub permitting it to revolve independent of the clutch
body until the sector swings out of engagement with it.
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Lubrication and Fuel

As the correct mixture depends
to a certain extent upon the
As has been previously menconditions under which the
tioned, the lubrication of the
machine is operated, it is practimotor is effected by mixing oil
cally impossible to lay down a
with gasoline, consequently the
hard and fast rule which will
gasoline supply and motor lubricover all cases.
cation will be considered togethHowever, in a general way it
er.
may be said that the mix-ture
This system, which is remarkneed never be any heavier than
ably simple and effective, reeight parts of gasoline to one of
quires practically no attention
oil, or one pint of oil per gallon.
from the rider, but if the best
This proportion is permissible
results are to be obtained, a
on a new machine, or when the
suitable oil must be used and
motor is to be worked very hard,
the proportions of the mixture
but a ten to one mixture will
must be correct. Over-lubricausually be more satisfactory for
tion, or the use of an oil which
ordinary service.
is not adapted to this system,
will invariably cause trouble on
An even lighter mixture, say,
account of its tendency to burn
twelve or thirteen parts of gasand form a deposit of carbon on olinc to one of oil, may be adthe piston, cylinder head, spark vantageous if the machine is
plug, muffler pipes, etc.
used only for short runs, or at a
While there are a number of oils
which work well in connection
with this system, we particularly
recommend a heavy lubricant
such as Gargoyle-Mobiloil “B” or
Texaco Heavy Motorcycle Oil,
either of which will give excellent results if properly used.

moderate speed.
The rider should experiment
until he determines what proportion is correct, for his particular requirements, always remembering that while the heavier mixtures are necessary for
518

severe service, the motor, spark
plug and exhaust line will require less attention if a smaller
quantity of oil is used whenever
possible.
Instead of preparing a fresh
supply of gasoline and oil each
time the tank requires refilling it
will usually be more convenient
to mix a considerable quantity
(say, five gallons of gasoline with
the proper amount of oil), from
which the tank can he replenished when necessary.
As the oil, being slightly heavier
than the gasoline, has a tendency to settle to the bottom, the
mixture should be thoroughly
stirred before filling the tank.
The cap over the opening
through which the tank is filled
is provided with a small hole,
the object of which is to admit
air as the gasoline flows out to
the carburetor. Do not allow this
opening to become stopped up,
as this may cut off the gasoline
supply.
The capacity of the gasoline
tank is seven quarts, which
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under ordinary conditions is
sufficient to run the machine
approximately 125 miles.

cess of this amount may cause
trouble on account of carbonization, etc.

Any dirt which may accidentally
find its way into the tank is
prevented from entering the
carburetor by a wire gauze
which is soldered to the upper
end of the shutoff cock. To clean
this strainer, it is necessary to
drain the tank and unscrew the
shutoff cock. As an additional
precaution, another small piece
of gauze is placed in the gasoline line at the point where it
enters the carburetor. In order
to avoid evaporation and leakage, the filler cap should always
be screwed down tightly, except
when filling the tank, and the
shut-off cock should be closed
when not using the machine.

The crankcase is provided with
a drain plug, located at its lowest point, which should be removed every ten days or two
weeks to allow any surplus oil to
drain out. Do not neglect to
replace the plug after draining
the case.

Do not attempt to improve the
lubricating system by pouring
oil into the crankcase or using
drip oilers, pumps, etc. If the
proportions of the mixture are
correct, the oil which enters
with the gasoline vapor is ample
for all the working parts of the
motor, and any quantity in ex-

Lubricating Transmission, etc.:
The other parts of the power
unit, including the transmission
gears, worm and worm gear,
clutch, etc., are lubricated by
partially filling the worm gear
housing with oil, which, when
the motor is running, is
splashed over the working parts.
Keep worm gear housing well
filled with oil at all times. Use
Mobile “B” or Texaco Heavy
Motorcycle Oil. Refill with a pint
of oil every 500 miles. To fill
housing, remove plug on top of
housing to rear of cylinder. Also
remove stop screw. Put oil in
plug hole until it runs out of
stop screw hole.
519

Power Plant
In taking down the Cleveland
Power’ Plant it will be found
most convenient to remove parts
in the general order below :
1—Magneto.
2—Kick starter assembly, housing cover group and clutch
assembly.
3—Cylinder and piston.
4—(rank case.
5—Stuffing box and nut and
bearing, flywheel assembly.
NOTE—Both the crank pin
and flywheel gear are a press
fit in flywheel. Do not attempt
to remove these parts without
using an arbor press.
First press out flywheel gear,
magneto shaft, bearing, etc.,
and then from the bearing
side of flywheel press out
crank pin.
6—Gear shifter shaft, yoke,
bushing and shifter lever.
7—Worm and transmission
clutch.
8—Transmission countershaft and
pin.
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Timing the Cleveland
Motor
To time the Cleveland Motor,
adjust the Magneto Coupling on
its shaft so that the platinum
points in the magneto interrupter “break” when the piston is 7/
32 ” from the top of its stroke —
on the up-stroke.
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Instructions for Adjustment
and Operation of the Model
“A-L” Schebler Carburetor
The Model “A-L” Carburetor
used on the Cleveland motorcycle is shown at Fig. 317 and is
manufactured in the 3/4-ineh
sire and has a clamp type of
manifold con-nection.
This carburetor is made with a
two-piece pistols throttle, one
being as a throttle and the other
as an air choke for starting and
warming up the motor.
To adjust the Model “A-L” carburetor: First turn on the main
needle, which is located on the
top of the carburetor, three or
four turns; then open low speed
needle, which is on the bottom
of the carburetor, about 1-1/4
turns from closed position.
Start the motor by flushing the
carburetor, and after the motor
has become throughly warmed
up, adjust the main or high
speed needle on the top of the
carburetor, cutting down the
fuel supply until the motor
520

backfires; then turn on a little
more gas, a notch at a time,
until the motor runs smoothly
and the proper adjustment will
have been secured for high
speed.
Next adjust the low speed needle, located at the bottom of the
carburetor. until the desired low
speed is secured. No further
adjustments are required.
Strain fuel in order to remove
any particle of dirt or water

and also be sure that you
have no air leaks between
the carburetor and the motor.
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Fig 317 - Schebler Model A-L
Carburetor for the Cleveland
Motocycle
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“Don’ts” for the Cleveland Rider
1. Don’t fail to keep spark plug clean.
2. Don’t keep clutch lever pulled back when machine is not running.
3. Don’t fail to put oil in tank at same lime you put in gasoline.
4. Don’t use anything but heavy oil.
5. Don’t fail to keep machine clean.
G. Don’t race motor on stand.
7. Don’t tamper with magneto.
8. Don’t take motor apart until you are sure that it is necessary.
9. Don’t fail to remove carbon from piston-cylinder and muffler every 1,000 miles.
10. Don’t fail to keep crankcase housing filled with oil.
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9. Mechanical Failures
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CHAPTER IX. Harley-Davidson Remy Electric
Lighting And Ignition System.
Function of Automatic Switch-

To Gain Access to the Battery-

The Lighting System-

Add Distilled Water Regularly-

Headlight Should Be Carefully focused-

Why Distilled Water Must Be Used-

Care of Electrical System-

Keep Battery and Battery Box Clean-

Lamps Do Not Burn, Motor Is Idle-

What Specific Gravity Indicates-

One Lamp Fails to Burn-

Normal Charging Rate-

If Neither Headlight Will Burn-

How to Distinguish “Positive” & “Negative” Terminals-

Fluctuating Lights-

The explanation of Storage Battery Action-

Faulty Lighting Switch-

Care of Battery in Cold Weather-

Faulty Ignition Switch-

Specific Gravity Table

To Get at Centrifugal Switch-

What To Do When Machine Is Taken from Service-

To Adjust the Centrifugal Switch-

Placing Battery Back in Service

The Warning SignalTo Run with Discharged Storage Battery-.
Hard StartingTo Recharge a Dead BatteryIf Battery Discharges Without Apparent CauseHow to Test a Suspected BatteryTo Adjust and Clean Circuit BreakerTo Clean and Reseat Brushes and CommutatorIgnition Mechanism of Type 235 GeneratorLubricating the GeneratorBattery Requires Reasonable Care523
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The Harley-Davidson-Remy Function of Automatic
Electric Lighting and
Switch
A simple automatic switch conIgnition System.
This remarkably efficient system
consists of a compact direct
current generator, storage battery, head light with two bulbs,
tail light, warning signal, and
switch. An illustration of the
electrically equipped motorcycle
is given at Fig. 318.

trols the ignition current. When
the starter is put into action,
this switch automatically closes
the ignition circuit.

When the motor stops, this
switch automatically breaks the
circuit, breaking the warning
signal circuit at the same time,
thereby making it impossible for
The generator furnishes low
a meddlesome person to sound
tension 6 volt direct current for
the lights, signal system, and for the warning signal while the
machine is left standing.
charging the battery. This current is “stepped up” or transThe generator supplies current
formed into high tension current directly to the lamps, horn, and
for ignition by the coil on top of
for ignition, the surplus current
the generator.
going to the battery and keeping
It should be understood that the it properly charged.
battery is not provided as an
independent system for lighting
and ignition, although the storage battery will provide ignition
current for a short time when
the generator itself is not generating.

This provision is necessary for
the battery in turn provides
current for the lights when the
motor is not running and for
ignition when starting the motor. A complete parts location is
given at Fig. 319, and a wiring
diagram in Fig 320.
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The battery acts as an accumulator and governor, holding the
voltage down to 6 volts. The
voltage produced by the generator at 60 miles per hour, with
the battery out of circuit, is
above 35 volts.
The high voltage produces a
serious overload on the generator and will burn and pit the
breaker points in a short time.
Other serious damage may result. Therefore, even though the
storage battery should be exhausted and not capable of
giving off current it must be left
connected up.
Never overload the electrical
system by equipping with accessories of any kind or by installing a larger headlight than the
one regularly used, because
the system is designed for a
definite load.
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The Lighting System
The headlight contains two
bulbs—the bright bulb, a twenty-one candle power nitrogen,
and the dimmer, a two candle
lower tungsten. The taillight
carries a two candle power bulb
also.
The lighting switch has three
positions; all off, bright headlight and tail light, and dim
headlight and tail light.

9. H-D Remy Lighting & Ignition Systems
The trouble lamp or the sidecar
lamp connection is made by
plugging in at the hole in the
center of the switch elamp bolt,
as indicated in illustration Fig.
319.
In order to light either the trouble lamp or the sidecar lamp,
the lighting switch must be
turned on because this plug
socket is in circuit with the tail
lamp circuit.

Headlight Should Be
Carefully Focused
The bright headlight is equipped
with means for readily adjusting
the focus of the light. It is necessary to focus the light after
dark of course. The adjustment
should be made with the large
bulb turned on and pointed at a
wall about 30 feet from the
lamp.
To focus the lamp, turn the
slotted screw on the back of the
lamp to the left or right with a
screw driver. It will be found
that by turning the screw to the
left, a dark or blind spot will
show in the center of the illuminated portion. By turning it to
the right from this, a place will
be found where the beam of
light is uniform and the field
brilliantly illuminated.

Never leave the machine standing with the bright headlight
turned on as the battery will be
discharged in a short time.
Do not add any lamps, with the
exception of one for the sidecar.
This bulb must not be over two
candlepower.
If any of the lamp bulbs need
renewal, replace with lamps of
the same candlepower and voltage. This is extremely important. Six to 8 volt bulbs should
be used.
In ordering, specify single point
bulbs.
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Care of Electrical System
The electrically equipped model
requires reasonable attention. It
is advisable to have your dealer
or repairman make any necessary inspections tests and adjustments because extreme
accuracy is of course, essential.
For the rider who cannot conveniently take his machine to a
dealer for inspection, or who
has mechanical skill, the care
of this model is covered in the
following pages.
If the instructions are closely
followed, and care is exercised,
the adjustments can be made
successfully.
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Lamps Do Not Burn,
Motor Is ldle
Failure of the lamps to burn
while the motor is not running
generally indicates that the
battery is discharged, or the
lighting fuse is burned out due
to a short circuit in the lamp
circuit.
In the latter ease, remedy the
short circuit before replacing
the fuse. See that the fuse is
held firmly in the holder.
Examine the contact spiders
and connections of the lighting
switch to make sure that a good
contact is made.
To ascertain whether or not the
battery is discharged test it as
explained under battery instructions.
If the fuse and battery are
found to be in good condition,
the trouble lies in the lamps or
in the wiring. Inspect the bulbs
and examine the wiring for a
break. Also look over the lamp
connections to see if any are
loose or broken.
529

If the battery is discharged,
have it recharged immediately.
If the trouble is due to a loose or
broken connection, or a short
circuit in the wiring, apply the
proper remedy.
Two fuses are mounted in the
switch box (one for the horn
circuit and one for the lighting
circuit) to prevent discharge and
possible injury to the battery
should a short circuit occur in
the horn or lamp wiring.
In case a fuse burns out do not
use a piece of wire or any other
substitute. Locate and remedy
the cause of the trouble and replace the fuse with a new Harley-Davidson fuse.
By using a substitute the short
circuit that was responsible for
the fuse burning out may cause
serious injury to the switch or
wiring, and discharge the battery.
In an emergency, if the fuse in
the lighting switch is burned
out, and the short circuit has
been remedied, the horn fuse
can be used safely in the lighting circuit.
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If One Lamp Fails to Burn

If Neither Headlight Burns

Fluctuating Lights

If all the lamps but one burn,
the fault lies in that particular
lamp, or in the wiring thereto.

If neither head lamp bulb lights,
but the tail lamp bulb does, the
trouble must lie either in the
headlight, bulbs, wiring, lighting
switch or the double connector
in the headlight.

If the lamps burn brightly when the
motor is running at moderate
speed, but vary and flicker when
the motor is running slowly, the
cause is a discharged battery or a
poor circuit between the battery,
generator and the lights, at one or
more of the following points:

It may be that the contact spider for that particular lamp is
making a poor connection with
the insert contact in the switch.
In that case see switch instructions. The failure of a lamp to
burn may be due to a burnt out
bulb, and the test of inserting a
good bulb in place of the suspected one immediately suggests itself.
If the good bulb fails to burn,
the wiring and connections to
the lamp should be carefully
examined.

Sometimes trouble with the
dimmer bulb is caused by failure of the reflector to make a
good connection or ground to
the lamp body, especially if the
entire interior of the lamp is
covered with enamel.
If the enamel is the cause of the
trouble, scrape the lamp at the
point of contact with the reflector
with a scraper or screw driver.
If it is necessary to remove the
reflector, use the greatest care not
to touch the reflecting surface.
To open the lamp for replacing a
bulb, loosen the screw in the
bottom of the front flange about
1/4 inch.
Remove the glass retainer, glass
and packing washer.
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Carefully inspect the ground wire
which is clamped under the cover
clamp screw of the battery box, and
which leads to the negative pole of
the battery.
In like manner examine the positive
wire leading from the battery to the
terminal block on the battery box,
and to the lighting switch. See that
the lighting fuse is U. K., that it is
held securely, and that the wire
connection on the switch clamp
screws are clamped firmly.
Examine the spider contacts of the
lighting switch as explained under
“Faulty Lighting Switch.”
Examine the wiring leading to the
lamps and the connection on the
inside of the lamps. A circuit diagram of the complete system is
given at Fig. 320.
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Faulty Lighting Switch
Remove the two hexagon nuts
which clamp the entire switch
box assembly to the studs of the
switch base. Take hold of the
black switch box cover and remove the entire assembly from
the switch base.
If the cover sticks, it can be
forced off easily by placing a
screw driver against the edge of
the cover from the left side of
the machine, and then striking
the screw driver with the list or
palm of the hand.
Remove the two round head
screws which clamp the block
switch box cover to the switch
assembly and remove the cover.
If an inspection proves that the
wires are connected firmly and
properly as per illustration, Fig.
321, showing switch wiring
diagram, the fibre switch base
to which the wires are attached
should be removed from the
cover and spider assembly.
These two assemblies eau be
taken apart after the three
screws which pass through the
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side of the spider cover have
been removed.

Faulty Ignition Switch

Inspect the four spider contacts
inside of this cover. Make sure that they bear against the contact inserts in the fibre base
with sufficient pressure to insure a closed circuit, and that
they cannot slide beyond the
insert contact.

If trouble is experienced, and
the centrifugal switch is suspected, the following symptoms
can be traced directly to this
switch.

If you are doubtful whether or
not they bear with sufficient
pressure, bend the spider contacts slightly outward.
To see whether the spider contacts slide beyond the insert
contacts, turn them to the various posit ions, and with a pencil
mark the exact location of the
contacts on the metal cover of
this assembly.
Then put the fibre switch base
assembly into the switch cover
assembly, and tote whether or
not each mark lines up with its
respective clamp screw. If they
do not line up properly, bend
the spider contacts as may be
found necessary.
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The centrifugal switch is entirely
automatic.

The centrifugal switch is out of
order when:
1. The horn can be sounded
when the motor is idle.
2. The horn can be sounded for
a period of a few seconds after
the motor stops.
3. The horn cannot be sounded
when cranking the motor
vigorously.
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To Get at the Centrifugal Switch
If the horn is O. K. when the motor is running,
and any of the mentioned symptoms exist, the
motor will be hard starting. In this case inspect
the ceutrifugel switch.
To gain access to the centrifugal switch it is necessary to remove the left foot board, short chain
guard and chain.
Under the cover on the lower left end of the generator is a set serer.
With a screw driver, loosen this screw a few
turns.
This cover, which is held by a bayonet type connection, is then removed by taking hold of it with
the hands, turning it to the left as far an it will
go, and pulling it from the generator.
The centrifugal switch blades are now exposed
and should be inspected.

Fig. 322 - Harley-Davidson Centrifugal Switch
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When bending the long blade,
care must be taken to bend it so
that the steel insert in the
Make sure that the clearance
thrust button is in line with the
”
“A” between thrust button “B
thrust ball in the switch housand cover of the centrifugal
ing. This is very important, beswitch shown at Fig. 322 does
cause, if the ball comes in connot amount to more than a few
tact with the bakelite of the
thousandths of an inch.
button, it will wear a pit into the
button in a short time. This pit
If there is too much clearance at
will then produce the same
this point, ball action will be lost
result as having the blade adwhich will not allow a good conjusted so that the button is too
tact, if any, at the points “D,”
far away from the thrust ball,
If the thrust button does not
thereby causing a loss of action.
clear the centrifugal switch
After the large blade has been
cover, the button will be worn
properly adjusted, obtain the
off due to the friction with the
proper clearance at the contact
cover.
points by bending the lower or
If the blades require adjusting,
short blade.
disconnect the ground wire from
A definite clearance for these
the battery box cover screw to
points cannot be given because
prevent short-circuiting the
of the variation in the stiffness
battery.
of some of the blades. It is, howAdjust the long blade first.
ever, safe to assume that 1/32
inch clearance is about right.
If the thrust button is too far
Bend this blade accordingly,
away or too close to the cover,
making sure that the points line
bend it as may be necessary to
up and make a good square
obtain the proper adjustment.
contact.

To Adjust the Centrifugal
Switch
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The switch should now be tested
to see whether or not the adjustment is correct.
Replace the short chain and
battery ground wire. Raise the
valves, press firmly on the handlebar horn button, and give the
starter crank a vigorous stroke.
If the centrifugal switch blades
are properly adjusted, and the
circuit between the generator
and battery and the battery
itself are O. K., the horn will
sound for just a fraction of a
second.
If the switch does not seem to
be correctly adjusted, whether
the horn sounds too long or not
at all. do not change the adjustment immediately.
Test the switch several times to
make sure that a different
adjustment is required.
If the test proves that the
switch is O. K., again remove
the short chain and put the
cover in place on the generator
before assembling the machine.
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If the horn does not sound while
making this test, watch the
action of the centrifugal switch
blades.
See if they make contact.
Then if the horn does not sound
while pressing the horn button,
one of the following must be the
reason:
1. Battery is discharged.
2. Loose wire connections.
3. Faulty horn or the wire itself
is broken at one or more
places.
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The Warning Signal
One feature much appreciated
by owners of Harley-Davidson
electrically equipped models, is
the fact that the warning signal
or horn can be sounded only
while the motor is running. This
feature discourages meddling;
thereby preventing useless discharge of the battery.

instructions under “Faulty Ignition Switch” should be applied
or the machine should be referred to the dealer at once.
If the horn cannot be sounded,
examine the fuse in the horn
circuit.
Of course with a burnt out or a
loosely held fuse, the horn cannot be sounded.

It is well to get into the habit of
attempting to sound the horn
after stopping the motor to
make sure that the automatic
ignition switch has opened the
circuit between the generator
and battery.

The cause of the short circuit
must be found and remedied
before the fuse is replaced.

If the horn can be sounded constantly when the motor is idle,
prevet complete discharge of the
battery by removing the battery
ground wire from the battery
box cover. This wire is, of
course, to be reconnected whenever the motor is run for reasons already explained.

If the horn cannot be sounded
while the motor is running,
remove the horn cover and
make sure that the armature is
not stuck and revolves freely.

If the horn can be sounded even
for only a short time after the
motor has stopped, the centrifugal switch is out of order and
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If the fuse is not held tight,
remove it from the holder and
bend the holder clips together.

If the armature is free, see that
the wiring from the switch box
to the horn, and from the horn
switch to the horn is not damaged or loose.
If the horn sounds continually
without pressing the horn button, while the motor is running,
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there is a short circuit either in
the horn switch on the handlebar, in the wire from the horn
switch to the horn, or in the
horn itself.
The only attention that the horn
requires is to lubricate the bearings with a few drops of 3 in 1
oil every 2 months. Access to
the bearings is gained, by removing the rear cover.
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To Run with a Discharged
Storage Battery
The motorcycle can be run with
a discharged or disabled battery, but it is very important to
have the battery recharged or
repaired immediately because if
the battery is left in a discharged or disabled condition
for any length of time it will be
ruined.
If the storage battery is disabled, turn off all lights before
attempting to start the motor.
Prime the motor as per instructions given for starting the motor in cold weather. See that the
spark plug points are properly
adjusted and clean.
Put the gear shifting lever in
either low or second gear, engage the clutch, raise the exhaust valves and push the machine at a good pace by running
alongside, drop the valves, and
jump on or quickly disengage
the clutch as soon as the motor
starts.
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If the machine will not start,
disconnect the battery ground
wire on the outside of the battery box and repeat the above
instructions.
After starting the motor, be sure
to reconnect the battery ground
wire at once or the generator
may he ruined.
See that the battery ground wire is
connected while the motor is running, because the battery acts as a
safety valve and protects the generator. It is possible to ruin the generator if the motor is driven at a
speed greater than 15 miles per
hour unless the storage battery
remains connected.
Caution.—Before disconnecting any
of the wires other than the spark
plug wires to make a repair, disconnect the battery ground wire front
the battery box cover to prevent
burning out a fuse, or short-circuiting the battery.
The battery ground wire must
be reconnected before the motor is started, and also after
the repair is completed, for the
reason already explained.
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Hard Starting
Hard starting of the motor of
model 19-J can generally be
traced to a discharged storage
battery or failure of the ignition
switch to make a good connection between the generator and
battery.
In the ease of a diseharged battery refer to instructions under
“To Run with a Discharged Battery.”
If the switch is suspected refer
to instructions under “To Test
and Repair a Faulty Ignition
Switch.”
Instructions relative to “Hard
Starting.” should also be consulted.
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To Recharge a Dead
Battery
A discharged battery can be
recharged by sufficient daylight
riding at a reasonable speed, although the best way to charge
an exhausted battery is from an
out-side source, as explained
under battery instructions.
The output of the generator is
greatest at a speed of from 20 to
30 miles per hour. After riding a
reasonable distance, see that
the battery is really charging by
turning on the lights while the
motor is not running.
If they do not light, the battery
is charging very slowly or not at
all. In such event there is a
leakage of current, the generator output is low, or the centrifugal switch is not making good
contact. If the switch is suspected refer to instructions under
“Faulty Ignition Switch.”
If the storage battery is exhausted and it is suspected that the
generator is not charging, have
the battery recharged and start
the motor in the regular way.
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Then disconnect the ground
connection from the battery box
cover screw.
If the motor continues to run,
the generator is furnishing current.
If the motor stops, the generator
is faulty and the matter should
be referred to your dealer.
During this test the motor must
not be run at a speed exceeding
15 miles per hour.
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If Battery Discharges
Without Apparent Cause
If the battery discharges with
normal use of the lamps, and
inspection of the ignition switch
proves it to be O.K., and, provided the generator is charging
according to the previous test,
one of the following conditions
applies:
There may be a short circuit
between the battery and the
generator. This short circuit
may be due to a saturated battery and box. If so, refer to
instructions on keeping the
battery and battery box scrupulously clean. Be sure that
the insulation of the wire is not
damaged.
Test for a short circuit between
the generator and battery as
follows: Have the lighting switch
turned to the OFF position and
the motor idle, making sure that
the horn cannot be sounded;
then disconnect the ground wire
from the battery box cover screw
and rub it against some metallic
part of the machine.
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If sparking occurs, there is a
short circuit.
To find out where this short
circuit is, inspect all connections and wire leading from the
positive battery connection to
the generator.

How to Test a Suspected
Battery
If this test and the above explained conditions do not apply,
the battery itself may be at
fault. Take the battery out of the
box and have it charged.
After charging, tape the ends of
the wires. Take a hydrometer
reading and make note of the
specific gravity of each cell.
Set the battery in a cool, clean
and dry place for twenty-four
]tours; then take a second hydrometer reading of each cell.

If there is a decided difference,
the battery is at fault, and
should be referred to the nearest Exide battery service station.
If the above tests prove that the
generator is charging, that the
circuit between the generator
and battery is closed, that there
is no short circuit, and that the
battery is not at fault, the output of the generator most likely
is not normal due to a dirty
commutator and brushes. In
that ease, clean and resent the
commutator and brushes as
explained under that heading.
Caution—After stopping the
motor, try to sound the horn to
make sure that the circuit between the generator and battery
is open.

If the horn can be sounded,
disconnect the battery ground
wire. This will prevent the discharge of the battery due to the
If the battery is O. K., the readings will be practically the same. centrifugal switch failing to
work.
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To Adjust and Clean the
Circuit Breaker
The fibre block on the circuit
breaker arm is subjected to a
certain amount of wear in service, and after several thousand
miles it may be necessary to
readjust the contact points to
make up for this wear.
The circuit breaker and distributor mechanism is shown at
Fig. 323, over. As a matter of
precaution, an inspection and
adjustment, if necessary,
should be made, say, every
1,500 miles.
It is necessary when adjusting
these points that the fibre
block is resting on the center of
one of the steel cams so that
the circuit breaker points are
separated as far as they will
go.
If the high side of one of the
steel cams is not in contact.
with the fibre block, it will be
necessary to turn over the
generator slowly by means of
the rear wheel (transmission
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must be in high gear and the
clutch engaged) until the steel
cam hits the fibre block and
separates the contact points as
far as they will go.
The lock nut “11” should then
be loosened with the generator
wrench, and the adjusting
screw “10” should be turned out
or in by turning the hexagon
head until it is just possible to
insert the flat steel gauge on
the wrench between the points
at “9. ”
After the points are correctly
adjusted, carefully lighten the
lock nut, and measure the
clearance again to be sure that
the adjustment is correct.
To get at the circuit breaker
points, it is only necessary to
remove the bakelite cap of the
distributor and the distributor
segment.
If the circuit breaker points at
“9” are slightly pitted or
burned, they should be cleaned
with No. 00 sandpaper. Never
use emery cloth or paper.
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To Clean and Reseat
Brushes and Commutator
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the commutator and the brush,
with the sanded side towards
the brush.

Inspect the commutator and
brushes every month or every
1500 miles.

Be sure to pass the strip of
sandpaper around the commutator as far as possible, and
If the commutator is found
when drawing it out, follow the
blackened—not dark brown—it
radius of the commutator to
should be cleaned by burnishing prevent trimming off the edges
with No. 00 sandpaper.
of the brushes.
Never use emery cloth or paper.
Ordinarily the commutator requires no attention.
To clean the commutator, cut. a
piece of No. 00 sandpaper into
strips about 3/8 inch wide.
Run the motor slowly and hold
the sandpaper with the coarse
side against the commutator
until the latter is bright.
Be careful not to get a finger
caught in the drive chain during
this operation.
When cleaning the commutator,
see that the brushes have a
good clean bearing surface
against the commutator.
If they have not, insert a strip of
the same sandpaper between

It is extremely important to
have the entire surface of the
brush bear against the commutator, to receive full efficiency
from the generator.
Bear down lightly on the brush
holder and withdraw the sandpaper.
After cleaning the brushes and
commutator, remove any particles of sand with a gasoline
moistened cloth. This is important, for sand will cut the commutator.
Do not take for granted from
the above instructions that it is
necessary to clean and trim the
commutator and brushes every
1500 miles.
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Clean these parts only when
conditions warrant:. If the commutator is found cut or worn by
the brushes, even though the
damage seems to be only slight,
refer your machine to the dealer
immediately.
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Ignition Mechanism of
Type 235 Generator - over

7.—Circuit breaker lever;

1.—Distributor cap locating lug,
or stop, should interlock with
the slot at “G” whenever the
distributor cap “3” is replaced.
(See Fig. 323.) Failure to fit the
distributor cap properly may
mean a damaged generator;

9.—Circuit breaker points;

2.— High tension terminals
which alternately collect the
ignition current from segment
“5” and carry it to the spark
plug wires. These high tension
terminals clear the segment
by about 1/64 inch and
should never be adjusted;
3.—Distributor segment contact
spring which carries the ignition from carbon contact “14”
to segment “5” ;
5.—Distributor segment distributes the ignition current, from
the distributor segment contact spring “4” to the high
tension terminals at “2”;
6.—Slot in timer head casting
lines up with lug “1” when the
distributor cap “3” is properly
fitted;

8.—Circuit breaker cam;
10.— Adjusting screw with
which the gap at the circuit;
breaker points “9” is adjusted ;
11.—Adjusting screw lock nut;
prevents adjusting screw “10”
from turning automatically.
The lock nut must be loosened
before an adjustment is made
and must be securely tightened after adjusting;
12.—Primary wire. connects
primary winding of coil “16” to
ground through circuit
breaker points at “9”;
13.—Distributor cap spring (2
used) securely holds the distributor cap “3” in position;
14.—High tensioncarbon contact insert which carries the
ignition current from wire
“15” to distributor segment
contact spring “4'’;
15.—High tension wire which carries the ignition current from the
secondary winding of the coil to
the carbon contact insert ‘’14'’ in
the distributor cap;
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16.—Coil, only one used. The
construction is clearly shown
in Fig. 323, over.
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Refer to description on previous page

Fig 323 - Breaker Box & Distributor of
H-D using Storage Battery Ignition
542
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Lubricating the Generator
Never use thin oil on any part of
the generator.
Once a year put a little vaseline
about half the size of a pea on
the top of the fibre block on the
interrupter lever, and keep the
cup on the right side of the
generator filled with good cup
grease.
Give the grease cup turn every
500 miles. This is important.

9. H-D Remy Lighting & Ignition Systems

Battery Requires
Reasonable Care
Read the following instructions very
carefully and once they are understood apply them as needed.
The three important points in
battery care are these:
1.—Add distilled water regularly
each week.
2.—Test the specific gravity of
each cell before filling.
3.—Keep the battery and battery
box clean.
Your battery can withstand a
certain amount of abuse and
neglect, but abuse it or neglect
it continuously and you will
experience trouble.
The battery, unlike your motor,
may not give any symptoms of
needing attention until it is very
very badly damaged. For this
reason, vigilence is called for in
battery care .
If you give your battery this care
you can forget about battery
problems.
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As is explained further on, the
care of the battery is very simple
and there is no good excuse for
neglect. If you will take the above
facts into consideration, you will
not neglect your battery.
We advise you to invest in a
hydrometer. This is the one
instrument you need to keep
close watch on the condition of
your battery. Do not use an
ammeter to test your battery.
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To Gain Access to the
Battery
To gain easy access to the buttery with a hydrometer, the
saddle must be raised from the
riding position.
In order to do this quickly, remove the cotter pin in the scat
bar clamp pin.
Withdraw the clamp pint and
the saddle can be raised with
the scat bar as per illustration,
Fig. 324.
Do not attempt to test or fill the
battery without raising the saddle.

Fig 324 - How to Reach the Storage
Battary in the H-D Motorcycle
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It can easily be under stood why distilled water only must be added to the
battery regularly each week.

Add Distilled Water Regularly
Each Week
Having raised the saddle from the
riding position, as shown in Fig. 321.
take out the two knurled screws
clamping the battery box cover and
ground wire.

The battery solution is composed of acid
and distilled water. As the distilled water evaporates, the solution naturally
becomes stronger and eventually will
eat up the material in the plates.

Remove the cover, rubber mat and
three filler plugs. To remove the filler
pings give them one-quarter turn to
the left and lift them out.

This will mean complete ruin of the. battery in a comparatively short time. Therefore, by adding distilled water regularly,
the solution is always kept at the right
strength. The acid does not evaporate.
Another reason why distilled water must
be added to the battery regularly is the
fact that if the plates of the battery are
exposed to the air they will be ruined in a
short time. These plates must be kept
immersed in the electrolyte as the solution
of acid and distilled water is called.

For safety and eonveilienee, always use
a battery hydrometer for filling, as
shown in Fig. 325.
It is easy to see that with this little
instrument, the battery can be filled in
a minute. Do not get the impression
that the battery requires a large
amount of distilled water each week
and that a jar of dis tilled water and a
funnel are needed. Nothing could be
further from the actual facts. The only
reason distilled water is needed is to
replace the water lost by evaporation
which is naturally very little.
If distilled water is added regularly,
only a few drops are needed weekly in
each cell.

Fig 325 - Hydrometer
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It is just as important not to add too much
water as it is to add any at all. The correct
level of the solution is 1/2 inch above the
wood separators. This is very clearly
shown iu the sectional cut of the battery,
Fig.326. Remember that the battery may
not be filled clear to the top, not only
because of the danger of flooding, but
because the battery will be internally
injured and eventually ruined if it is continually overfilled.
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Only Distilled Water Used
Practically all water contains
traces of minerals or chemicals
which are injurious to the plates
of the battery.
For this reason, use nothing but
distilled water.
Never store distilled water in a
metal vessel or fill the battery
with a priming gun, a tin funnel
or any other metal container, for
the water will absorb some of
the mineral properties and become as unfit for the battery as
ordinary water.
Store the water in a glass bottle
and use a storage battery hydrometer for filling.
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Never Use Acid or
Electrolyte

Keep Battery and Battery
Box Clean

In the process of evaporation no
acid is lost. For this reason it is
imperative that no acid be added to the solution at any time
unless part of the electrolyte
itself has been lost by spilling or
through a leak.

The battery and box should be
so clean and dry that one’s
hands are not soiled by handling. The acid in the solution is
a destructive liquid and will eat
through the metal of the battery
box in a short time.

If it is believed that some of the
solution has been spilled, refer
the battery to the nearest Exide
service station for refilling.

The simplest way to save the
trouble of cleaning the battery
and box is to exercise care in
filling when using a hydrometer.
If the battery and box must be
cleaned, disconnect the wire
from the terminal block on the
battery case and the battery
ground wire.

Do not attempt to refill the battery yourself, because it is essential that the proportion of
acid and water be exactly right.
It is absolutely necessary that.
the filler plugs are in place and
secure. Lock them by a quarter
turn to the right.
Should there be a leak between
the filler plug rubber bushing
and the battery when the plug is
properly closed, remove the plug
and wrap several thicknesses of
rubber bands around it between
the soft rubber bushing and the
head of the filler plug.
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Loosen the battery box stud
nuts, and remove the left front
bolt holding the box in place.
The box can then be removed to
the right, after the pedal crank
has been pushed downward.
In raising and removing the
battery from the box, do not pull
on the cables.
Lift out the battery by means of
the connecting links.
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Thoroughly clean the inside of
the metal battery box with a
clean rag which has been
dipped liquid household ammonia, or moistened with water,
and then sprinkled with household ammonia in powdered
form, or with baking soda.
If a formation of electrolysis
collects around the sealing nuts
or vent plugs, clean immediately
or the hattery will be shortcircuited.
If the rubber mats or the wood
liners are acid soaked or soggy,
discard and fit new ones. Obtain
these from your dealer or directly from the maker.
Do not place a blotter or anything across a battery to absorb
moisture. Place the rubber mats
in the box in such a position
that the corrugated side of the
mats are toward the battery.
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Coat the Battery
Connections with Vaseline

Why the Battery is Tested
Each Week

The terminals and connections
within the battery box should be
kept coated with a thin film of
vaseline to prevent corrosion.

It may happen that your battery
runs down because you forget to
turn off your large headlight for
several hours while the machine
is standing idle, or because you
do more night running. than
daylight riding.

If solution is spilled upon the
terminals of a battery, it will set
up a very destructive process of
corrosion, which is likely to
entirely destroy the connections
or materially decrease the properties of conductivity.
This will prevent a proper
charge coming from the generator to the battery, and likewise
make it impossible to draw the
necessary current from the
battery for the lamps said for
ignition.
Do not make the mistake of
coating the rubber insulated
cables with vaseline nor of
applying too much of this lubricant.
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If you take a weekly hydrometer
reading of each cell, you will
know that the battery is showing a discharge and will naturally apply the proper remedies,
namely, use your lamps and
horn sparingly or run more
during the day than at night
until the battery has fully recuperated.
If you find the battery wholly
discharged, you will have it
charged from an outside.
source.
Do not attempt to restore a
discharged battery by running
the motor on the stand, as the
damage done to the motor will
be out of all proportion to the
charge gained by the battery.
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Fig. 326.—Internal Construction of
Storage Battery.
1, Space Must Always Be Kept
Filled with Liquid by Adding
Water Periodically;
2, Connecting Post;
3 and 4, Seal;
5, Terminal;
6, Wire Lead;
7, Gas Vents;
8, Wire Lead;
9, Connecting Straps;
10, Terminal Post;
11, Plate Support Nuts;
12, Cell Jars;
13, Wood Separator;
14, Plate Element Strap;
15, Cell Jar Walls;
16, Plate;
17, Wood Separator;
18, Plate;
19, Cell Jar;
20, Plate or Element Supports;
21, Sediment Space.
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What the Specific Gravity
Indicates
The specific gravity of a fully
charged battery averages 1.275
to 1.100 in each cell.
A specific gravity of between
1.250 and 1.200 indicates that
the battery is more than half
charged, between 1.200 and
1.150 less than half charged,
and below 1.150 completely
discharged. It is easy to use the
hydrometer correctly.
Press the bulb and place the
end of the rubber tube in the
cell. Releases the bulb without
withdrawing from the cell and
sufficient solution will be drawn
into the chamber to float the
hydrometer proper. The hydrometer proper is made with
a thin neck which is marked
with a scale of graduated specific gravity readings. The point at
which the hydrometer floats in
the solution indicates the specific gravity of the cell.
In other words, if the hydrometer floats at 1.275, the specific
gravity of the solution is 1.275.
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After taking a reading, be sure
to return the solution to the cell
from which it was removed.
Always take the hydrometer
reading before filling the battery; never after.
If the reading were taken after
filling, the distilled water that
would be on top of the solution
would be drawn into the chamber and a faulty reacting obtained.
Keep a record of the succesive
hydrometer readings of each
cell, so that by comparison, the
slightest discharge will show.
This is especially important in
cold weather.
If, the specific gravity of one cell
falls below that of the others
and successive readings show
the difference in the specific
gravity to he increasing, if the
specific gravity does not rise, or
if the battery continues to show
a discharge although the lamps
and horn are used sparingly,
the instructions to correct such
condition should be consulted
and followed.
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Also see instructions under
Remy Generator.
If a single hydrometer reading
shows the gravity in one cell 25
or 30 points lower than in the
others, there may be nothing
seriously wrong with the battery.
However, if successive readings
show the difference to be increasing, the cell is not in good
order. Also, if one cell regularly
requires more water than the
others, a leaky cell may be indicated, especially if it is noticed
that the sucessive hydrometer
readings show a gradual lowering of the specific gravity.
The best way to determine
whether a battery jar leaks is to
place the battery on a clean
piece of glass and leave it for a
few hours. If no moisture collects on the glass, it is safe to
as-mume that the battery does
not leak.
If a leak is indicated, refer the
battery to your dealer or Exide
service station.
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If an examination shows that
there is no leak, but if the specific gravity falls 50 or 75 points
below that in the other cells,
trouble within the cell is indicated.
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Normal Charging Rate Is
One Ampere
Do not allow any one to give
your battery a full charge at a
higher rate than one ampere.

The two ampere rate should be
cut down to one or even onehalf ampere as soon as the battery begins to gas.

Another important fact in connection with outside charging is
This trouble, if neglected, may
The normal charging or finishing that the positive of the charging
seriously injure the battery, if it rate is one ampere and direct
circuit must be connected with
does not ruin it altogether. This current only must, be used.
the positive lead or cable of the
is a very rare occurrence and
battery.
It has come to our attention a
should be referred to your dealnumber of times that motorcycle The positive battery lead is
er or the nearest Exide service
batteries have been brought to a painted red, and marked “Pos”
station.
and + at the binding post. There
complete charge on the same
Should your battery need charg- line with automobile batteries.
is therefore no excuse for making from an outside source, refer
ing an error.
Naturally, large batteries require
it to your dealer or through him
The negative of the charging
a higher charging rate than a
to the local Exide service stacircuit must be connected with
motorcycle battery, meaning
tion. however, most dealers are
the negative lead of the battery,
that a big charge was put
now equipped to charge battermarked “Neg.”
through the small motorcycle
ies.
battery. This is a serious form of If the cables are connected in
If you cannot refer the battery to abuse, because it means greatly
reverse for charging, the polarity
your dealer or to the Exide sershortened battery life.
of the battery will be reversed,
vice station, take it to some
and the battery ruined.
When you have your battery
other reliable battery station or
recharged remember that the
to a garage where first class
correct finishing rate is one
battery charging is done.
ampere, and that the battery
should never be started at a
higher rate than two amperes.
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How to Distinguish “Pos”
and “Neg”.
If there is any doubt about
whether a connection is positive
or negative, a simple test is to
dip both wires in a glass of water in which a tablespoonful of
salt has been dissolved. Bubbles
will forms on the negative wire.
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This does not mean that the
battery should be charged for a
total of ten hours, but that it
should be charged for ten hours
after the maximum or highest
specific gravity readings are
obtained.

When reconnecting your battery
in the machine, the lead marked
“
Pos” is to be connected on the
terminal block with the wire
leading from the switch, while
the wire marked “Neg” is to be
grounded on the battery box
cover.
Referring again to outside charging, the charge is complete when,
and only when, with a charging
current of one ampere flowing. all
cells are gassing, bubbling freely
and evenly, and when the gravity
of all the cells has risen to a maximum (as far as it will go) and has
shown no further rise for ten
hours following.

Explanation of Storage
Battery Action
The popular idea in connection
with a storage battery is that
when a current of electricity is
passed through the storage
battery, the current is “stored”
in the battery. This is not the
case at all. A “fully charged”
battery does not contain any
electricity. What actually takes
place is this: When a current is
passed through the battery,
certain elements in the storage
battery plates are combined
with the solution or electrolyte
in the battery, by a purely
chemical process. This is why
the hydrometer reading of the
solution in a fully charged battery is much higher than that of
a discharged battery, because
the solution is heavier, having in
it some of the elements which
were in the plates of the battery
before the charging took place.
When the battery is discharged,
the action which takes place is
that the chemicals in the solution or electrolyte are again
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combined with the plates of the
storage battery, through another
chemical action. This is the
reason why the hydrometer
reading of a discharged battery
is materially lower than that of a
fully charged battery.
As mentioned, there is no electrical energy stored up in a fully
charged storage battery. The
current which is taken from a
fully charged battery is generated through the chemical action
described, and is generated only
at the time it is being taken
from the battery.
When a battery is charged, certain elements in the solution are
constantly striving to again
combine with the elements iii
the plates, or to return to the
condition which they were in
before the battery was charged.
This explains the reason for the
storage battery gradually discharging itself when it is not, in
use. On the other hand, when a
storage battery is discharged, and
is left in that, condition, it will
ruin itself in a short time due to
an action called “sulphating.”
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A storage battery will last longer
and can be kept in good condition most easily when it is in
constant use, that is to say,
when it is being charged and
used and recharged right along.
A writer once described a storage battery very aptly when he
said it was ”a nervous proposition” and that it needed constant ‘”excitement.”
This is really the stituation in a
nutshell. To keep your storage
battery in good shape it should
be kept in service. It should also
be remembered that a battery
will wear out in time.
It is not a body that will give
service forever without rebuilding. The Exide battery is long
lived, and with reasonable care
according to the preceding instructions will give a long term
of service.

Care of the Battery in Cold
Weather
With the coming of cold weather
the storage battery requires
some special attention, whether
kept in service or laid up temporarily. If the battery is looked
after according to the following
instructions, there is no danger
of damaging it in the severest
cold weather.
Add the distilled water once
each week as per instructions
previously given, but in cold
weather be sure to acid the
water just before the battery is
charged, or before running the
motor. If the temperature is very
low, run the machine for a while
before adding the water; then
add the water and run again.
This will throughly mix the distilled water and electrolyte, and
preventing freezing of the battery.
It is a very important point to
run the motor immediately after
putting distilled watter in the
battery in cold weather, but do
not run the motor on the stand
or at idle.
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Run the machine on the road
under normal conditions. Do not
add waster while the machine is
standing idle in the cold or after
a ride, because the water may
freeze on the surface before it is
mixed with the electrolyte and
seriously damage the battery.
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Keep Battery Fully Charged
in Cold Weather
It is, of course, important, to
keep the battery as fully
charged as possible at all times,
but this is particularly true in
cold weather.
Do not burn the lights unnecessarily while the machine is
standing.
Take frequent hydrometer readings and if the specific gravity
falls below 1.200, have the battery charged from an outside
source.
From the table given, it will be
seen that the electrolyte in a
fully charged storage battery will
not freeze even in the coldest
weather. On the other hand, the
electrolyte in a discharged battery will freeze at about 18 degrees above zero. The importance of taking frequent hydrometer readings and of keeping the battery fully charged can
therefore be appreciated.
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SPECIFIC GRAVITY TABLE
Specific Gravity Freezing Point
1.100

18° F

1.100

4° F

1.200

-17° F (below 0)

1.250

-60° F (below 0)

1.300

-94° F (below 0)
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What to Do if Machine is
Taken from Service Less
than Two Months

What to Do if Machine is
Taken from Service Longer
than Two Months

Many riders now use their motorcycles practically the year round so
that the following suggestions may
not fit your case. If you do not use
your machine continually in cold
weather, read carefully. If the battery is to be placed out of commission for less than two months, it is
only necessary to add water to the
cells just before running the motor
the last time, and to make sure
that the battery is as near fully
charged as possible.

It is best to refer your battery to
your dealer, to the local Exide service station, or to a reliable garage
or battery service station for attention, if the machine is to be laid up
more than two months.

The specific gravity should read
1.250 or over. If lower than this,
have the battery charged from an
outside source. Disconnect the
charging wire from the terminal
block on the outside of the battery
box because often a slight leak in
the wire will cause the battery to
discharge.
Disconnect the battery ground wire
as well, and tape the ends of both
wires so that they cannot make
connection on the machine.

If this is not practical, fill the
battery to the required level and
have it charged. Remove it from
its case and place it where it will
be dry, cool (not freezing) and
free from dust.
Once every two months during
the period it is out of service,
renew the freshening charge,
that is, charge the battery as
explained previously.
If it is not possible to have the
battery charged, it can be allowed to stand for a period not
to exceed six months, provided
it has been fully charged first.
Better results, however, will be
obtained if the freshening
charge is given every two
months as mentioned.
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Placing the Battery Back
Into Service
Always add distilled water and
have the battery charged before
putting it back into service, even
though it has been out or service less than two months.
If it has been out of service more
than two months and the periodic charges have not been
given, have the battery charged
for at least 40 hours at one-half
ampere charging rate.
With the exception of this point,
follow carefully the instructions
given under directions for charging the battery.
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Motorcycle Troubles
When the motorcycle was first
evolved, it was a composite
structure of two distinct, assemblies, neither of which was
adapted to the other.
The gasoline motor could not be
placed in the ordinary bicycle
frame to advantage, and therefore gave continued trouble. As
light bicycle frame construction
was not sufficiently strong to
withstand the vibration incidental to the motor, and greater
speeds made possible by mechanical power the early motorcyclist was confronted with two
radically different.species of
troubles.
While the most important of
these were undoubtedly due to
power plant defects, the annoyances caused by structural
weakness of frame, wheels and
tires were almost as numerous.
The individual peculiarities of
the different machines preclude
any specific outline of all derangements apt to occur, but a
general outline of the common
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troubles may prove of value to
the novice rider, regardless of
the make of machine he rides.
Motorcycle troubles may be
divided into three main classes:
those incidental to the power
plant, the derangements of power transmission units and the
difficulties encountered with the
frame structure.

Classification of Engine
Defects

In the first-named classification
the defects in the engine itself,
and the auxiliary groups such
as carburetion, ignition and
lubrication, may be included.

The expert, as a rule, recognizes
the symptoms of derangement,
and usually has no difficulty in
tracing the trouble to its source
by well-known methods.

Troubles arising from belts or
chains, sprockets or pulleys,
clutches or two-speed gears are
properly part of the second
class, while frame, wheel, coasterbrake, spring fork and tire
troubles are assigned to the
third classification.

The novice is often at loss to
know how and where to begin to
look for trouble and a safe rule
for one with little mechanical
experience to follow is to search
systematically for derangements
and discover the fault that the
expert would find through its
symptoms by a patient process
of elimination.

It is with the first two that we
have to deal mostly, because
there are practically no structural defects in the modern
machine, therefore of the third
classification, we are limited
almost entirely to tire troubles.
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It is not difficult for one familiar
with motorcycle construction
and operation to make suggestions intended to assist the
motorcyclist in locating troubles
that may materialize with his
power plant.

The motorcycle power plant is
really composed of several
groups, each of which includes
a series of distinct components.
These are related so closely to
each other that the failure of
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any one of the devices will affect
the operation of the others and
thus break the continuity of
power production.
Some auxiliary groups are more
important than others, because
the motor often continues to
operate for a time after the failure of some essential parts in
the group of lesser importance.
While the internal combustion
motor is a complete mechanism
in itself, it cannot operate without some method of supplying
inflammable gas to the cylinders
and exploding the compressed
charge to produce power. It will
be seen, therefore, that the
carburetor and ignition systems
are really essential parts and
that the engine will stop at once
or work very irregularly if any
component of either of these
auxiliary groups fails to operate
as it should.
In order to keep the motor in
operation, it is necessary to
keep it cool, which, in a motorcycle power plant is synonymous with supplying lubricant
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in proper quantities to the moving parts to reduce friction. The
motor would ruin for a time
perhaps if lubrication was neglected, but overheating and
frictional resistance would soon
cause cessation of movement.

Fortunately, depreciation, due
to natural causes, comes slowly
and deterioration of any of the
mechanical parts always gives
sufficient warning so that satisfactory repairs may be made
before serious troubles occur.

It will be apparent that any
defects in the fuel supply or
ignition systems will make their
presence known at once by
affecting motor action, whereas
a defect in the lubricating system might not be noticed immediately because the engine
would run until it stopped because of overheating.

One of the most annoying troubles, and one that invariably
denotes wear of the mechanism
is continued noisy operation.

A typical modern engine is
shown at Fig. 327. If a motor be
inspected regularly and with
any degree of care before a trip
is commenced, there will be but
little danger of serious trouble
and any skipping or loss of power can be traced to failure of one
of the components of the auxiliary systems rather than to a
defect in the power plant itself.
Irregular operation is seldom due
to the actual breaking of any of
the parts of the mechanism.
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The sharp metallic knocking
that is so annoying to both experienced driver and novice,
when not due to carbon deposits
or preignition due to overheating
or too highly advanced spark,
indicates wear at either the
main bearings or at the upper or
lower end of the connecting rod
where the bushings may be
worn so that considerable play
exists between them and the
shaft they encircle.
A grinding noise accompanied by a
knocking sound generally means
that the lubrication system is not
functioning properly or that the
motorcyclist has neglected to inject
the proper quantities of oil in the
engine crankcase.

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

10. MC Troubles & Sidecar Attachment

Fig 327 - Indian Power-Plus Vee-Twin
Motorcycle Power Plant
558

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
Before discussing the failures
that may obtain in any particular part of the power plant, we
will consider a case of engine
failure, and, for the guidance of
the novice, outline the main
steps constituting a practical
process of locating the trouble
by systematic elimination.
If the engine stops suddenly, the
two main causes may be either
failure of the gasoline supply or
trouble in the ignition system.
A sudden stop, when not due to
overheating and seizing of the
piston in the cylinder, which, as
we have seen would be evidenced by a pronounced knocking long before the overheating
became sufficiently great to
cause binding, is generally due
to a broken wire or a defective
spark plug.
It can be caused also by the
stoppage of the spray nozzle in
the carburetor or the main fuel
supply pipe with a particle of
foreign matter.
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Testing the Ignition System
In a motorcycle, the simplest
thing to test, in event of engine
failure, is the ignition system,
then the amount of motor compression, and lastly the fuel
supply system.
If the ignition system is working
properly, as may be determined
by laying the spark plug on the
cylinder head and connecting it
with the large wire leading from
the magneto or coil and then
pedaling briskly to see if there is
any spark between the points of
the plug, one should test the
compression, and if this is satisfactory, the carburetor demands
attention.
The compression is tested by pedaling the engine over with the exhaust valve lift down, and if there is
a decided resistance to turning at a
certain point in the engine rotation,
it is safe to say that there is no
undue loss of gas.
:Let us assume that in making
our test with the spark plug on
the cylinder that there has been
no spark between the points of
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the plug. The first thing to inspect is the spark plug itself,
where the following points
should be carefully considered.
First examine the gap between
the points of the plug. This
should be about 1/64-inch, if a
magneto system is installed, or
about 1/32-inch, if a spark coil
and batteries are utilized to
produce the spark.
With a battery ignition system,
one should examine carefully all
the wires to see that they are
tight on their terminals, and
that none of the wires have
become short-circuited by burning away of the insula-tion,
which may have been in contact
with a hot exhaust pipe or cylinder head flange.
The vibrator or contact spring at
the timer may be adjusted poorly, which would mean that contact would not be established
properly, while the spark plug
might become short-circuited
because of cracked procelain
insulation or carbon deposit.
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Fig 328 - Excelsior
Vee Twin with
Timing Gear Case
Removed
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Short-circuiting will also occur
in mica plugs if the insulator
becomes oil-soaked.
With dry battery ignition, now
used only on old types that are
practically obsolete, the source
of current should be tested with
an ammeter to determine if the
dry cells have sufficient amperage to insure regular ignition. If
they indicate less than 5 amperes a cell, new ones should be
used.
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the spark plug as previously
enumerated, or the ground wire
may make contact with the
metal of the frame before it
reaches the cutout switch.
The platinum contact points in
the breaker box, which is the
part rocked back and forth as
the timer lever is moved, may be
out of adjustment; the carbon
contact brushes that convey the
current from the revolving armature to the terminal by which
the device is connected to the
spark plug may be broken or
not making contact, or the insulation of the secondary wires
may be defective.

Common Faults in
Carburetion System
If the trouble is not due to the
ignition system, and there is good
compression in the motor, the
carburetor demands attention.
The first thing to look for is to see
that there is plenty of gasoline in
the tank, as many a novice has
exerted himself unduly trying to
make an engine start when there
was no fuel in the container.

If a spark is present at this
point, it is reasonable to assume
that the trouble is due to defective spark plug or to a defective
secondary wire leading from the
coil to the plug.

If the tank is found to hold a sufficient supply of fuel, the next thing
to do is to make sure that the pipe
line is clear to the carburetor. This
may be ascertained easily by shutting off the gasoline at the tank,
uncoupling the gasoline pipe at the
carburetor, and then turning the
supply on to see if any issues from
the pipe. If the gasoline runs out in
a full stream when the valve is
opened, the pipe is clear; whereas,
if it trickles out but slowly, one may
assume that the bore of the tube is
constricted by becoming dented or
by dirt.

If a magneto be used, it is possible also for troubles to exist at

One may often determine if the
gasoline supply is all right by

A good way to see if current is
present at the timer is to bridge
the insulated contact screw on
the timer case to the crankcase
by means of a screwdriver, with
the switch plug in place, and
observe if there is any spark as
the screwdriver end is rubbed
over the engine base.
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Fig. 329 - Henderson 4-Cylinder
MC Engine - Sectional View
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pressing on the little priming pin
on the carburetor float bowl until
gasoline drips out of the bottom of
the carburetor or the air intake.
This is called flooding the carburetor.
If, on the other hand, the carburetor floods continually without the
priming in being depressed, it
constitutes a defect that will produce other troubles, though not
always stoppage of the motor.
Among other causes that might
cause engine to stop one should
see that the throttle has not become closed through the failure of a
connecting link or operating wire
and that the shutoff valve in the
feed pipe has not jarred closed.
The gasoline may reach the carburetor all right and yet there
may not be enough liquid in the
float chamber of the device. This
would happen if the action of the
float-controlled needle valve was
interfered with by dirt or binding .,
if the float, was badly adjusted or
if the float valve operating mechanism was worn unduly in some
forms of carburetor.
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Causes of Lost Compression
Assuming that we have found
both ignition and carburetion
systems to be functioning properly and that the motor has no
compression, then the trouble is
due to some condition either
inside or outside of the motor.
As the external parts may be
inspected with greater ease, one
should look for the following:
Sticking or bent valve stems,
broken valve spring, leak
through spark plug compression
release cock or valve dome,
valve plunger stuck in its guide,
keeping valve open, lack of
clearance between valve stem
end and operating plunger or
tappet-rod and in very ra re
instances a cracked cylinder
head or leaky cylinder head
gasket where the head is separate from the cylinder.
Among some of the defective
conditions that may exist inside
of a motor are: a broken valve, a
warped valve head, foreign matter under a valve seat, piston
rings broken or gummed in the
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piston grooves or scored or worn
cylinder. The parts of typical
engines are clearly shown in
Figs. 327, 328, 329 and 330
and should be easily recognized.
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Causes of Irregular Motor
Operation
If the engine works irregularly
or skips, the cause may be
harder to locate because many
possible conditions may exist
that must be eliminated and
checked over one by one. In
addition to the troubles previously enumerated, a very common cause is an air leak around
the induction manifold, dirt in
the carburetor or improper mixture. The gasoline needle may
be set improperly or may have
jarred out of adjustment or the
air valve spring may have been
weakened or broken.
The air intake dust screen may
be so full of dirt and oil that not
enough air will pass through the
mesh. There may be water or
sediment in the gasoline which
would cause irregular operation
because the fuel supply would
vary at the nozzle.
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used just as soon as they become weakened the engine will
begin to missfire.

Conditions Producing
Overheating

Another thing that must be
done very carefully is adjusting
the contact screw at the timer,
as many puzzling cases of irregular ignition with battery systems have been corrected by
cleaning the oil out of the timer,
washing the interior out thorouglily with gasoline, and then
readjusting the points while the
engine was running.

Overheating is usually caused
by carbon deposits or derangement of the lubrication system:

Points may be screwed nearer
together, and if this does not
correct the trouble they may be
separated very gradually. When
the proper adjustment is
reached, the engine will accelerate and run smoothly. (See instructions in chapter on ignition
for magneto contact breaker
adjustment.)

Where a magneto ignition system is employed, it is seldom
that one finds defects in the
magneto, but when batteries are
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It is sometimes caused by carburetor troubles as well as insufficient oiling.
The lubricating system of the
modern motorcycle is extremely
simple, consisting of a simple
handpump by which oil may be
injected into the crankcase when
desired, as an auxiliary, and the
regular oil feed to the cylinders by
means of a mechanical oiler on
the engine base.
The conditions that most commonly result in poor lubrication
are: Insufficient supply of oil in
engine base, use of poor duality
oil, clogged oil pipe, defective
cheek valve or worn plunger at
the pump, clogged sight feed
fitting, and if a mechanical oiler
be employed, a broken pump, or
a defective drive. Any condition
that will cause too rich mixture
will also result in overheating.
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These may be enumerated briefly, as follows, too much gasoline
in the mixture due to improper
needle valve regulatioin, level in
float chamber too high or auxiliary air valve spring too tight.
A cork float may be fuel-soaked,
or a hollow metal float may leak
and be full of liquid which increases the weight and causes
the carburetor to flood.
Dirt will also keep the floatcontrolled needle valve from
seating, and the level be too
high at the standpipe, or, as
previously outlined, the air
screen may become clogged with
dust and not enough air reach
the mixture.
If there is an excessive amount
of carbon present in the combustion chamber and on top of
the piston, this will also produce
overheating and pre-ignition.
These deposits should be removed from the piston top and
combustion chamber wherever
present.
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been corrected by
merely grinding in
the valves to a correct seating.
Overheating has
been caused also by
a worn or poorly
adjusted valve
plunger which did
not raise the exhaust valve from its
seat sufficiently, or
by altered spark
timing which meant
operating the motor
on a late or retarded
spark or late exhaust valve opening.
The illustration at
Fig. 331 shows how
a feeler gauge is
used to test the
clearance between
valve lifter and valve
stem.

Many cases of lost power which
also causes overheating have
566
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Some Causes of Noisy
Operation
There are a number of power-plant
derangements which give positive
indication because of noisy operation. Any knocking or rattling
sounds are usually produced by
wear in connecting rods or main
bearings of the engine, though
sometimes a sharp metallic knock,
which is very much the same as
that produced by a loose bearing, is
due to carbon deposits in the cylinder heads, or premature ignition
due to advanced spark-time lever.
Squeaking sounds invariably indicate dry bearings, and whenever
such a sound is heard it should be
immediately located and oil applied
to the parts thus denoting their dry
condition. Whistling or blowing
sounds are produced by leaks,
either in the engine itself or in the
gas manifolds. A sharp whistle
denotes the escape of gas under
pressure, and is usually caused by
a defective packing or gasket that
seals a portion of the combustion
chamber or that is used for a joint
as the exhaust manifold.

10. MC Troubles & Sidecar Attachment
A blowing sound indicates a leaky
packing in crankcase.
Grinding noises in the motor are
usually caused by the timing gears,
and will obtain if these gears are
dry or if they have become worn.
Whenever a loud knocking sound is
heard, careful inspection should be
made to locate the cause of the
trouble. Much harm may be done
in a few minutes if the engine is
run with loose connecting rods or
bearings that would be prevented
by taking up the wear or looseness
between the parts by some means
of adjustment.
In the Henderson engine shown at
Figs. 329 and 330, the connecting
rods and main bearings are adjusted the same as those of auto-mobiles, as the bearings have caps
that may be removed and carefully
fitted by removing shimes and
scraping.
In roller bearing engines, such as
the Harley Davidson and Indian,
special care is taken in fitting these
hearings as outlined in a following
chapter on engine overhauling.
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Chart to Trace and Correct
Trouble
This Chart, compiled by the
Harley-Davidson Motor Co.,
forms a comprehensive basis to
locate and correct motor trouble. In connection with the
causes of trouble as indicated
under the respective headings,
the proper instructions in the
manual should be consulted.
If it is impossible to turn the
motor over with the starter, the
trouble is most likely due to the
fuel that the machine has been
run without oil or run without
sufficient oil, until the pistons or
piston rings have become seized
in the cylinders.
The only effective remedy is to
have the motor taken down and
any damage repaired. All of the
points outlined can be easily
inspected and the points at fault
can be corrected by systematic
search.
The charts given are very valuable to permit the motorcyclist
to locate his motor troubles in a
logical manner.
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Valve Removal and
Grinding
The operation of valve grinding
is a simple one provided that
the valve seat is not too badly
pitted or scored.
The first step is to remove the
valve from the cylinder, which is
not difficult with the usual
forms of inlet valves, as it is
merely necessary to remove the
dome in which they are housed.
To facilitate the removal of the
exhaust valve, tools such as
shown at Fig. 332 may be employed to compress the valve
spring and permit the removal
of the pin or key at the bottom
of the valve stem.
With the form shown at A, it is
necessary to hold the exhaust
valve down as the spring is .
raised, which may be easily done
by interposing a small block of
wood, belt connector, chain link,
or other object between the valve
cap and the valve head or by
holding the head down against
the seat with the screwdriver or
other tool.
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With the valve lifter shown at B,
the hook member supporting
the fork or lever that raises the
spring holds the valve against
the seat. If the valve face is
badly scored or pitted, it may be
found desirable to reface that
member before endeavoring to
grind it in. This may be done by
a simple tool as shown at Fig.
333. A cutting blade is carried
by a casting which also serves
to support the valve stem at one
end and a screw at the other by
which the valve head may be
brought in contact with the
angularly disposed shaving
cutter. As the valve is rotated by
the dog attached to the valve
stem, the seat will be trued off
to the proper angle.
Valve grinding consists merely
of smearing the face of the valve
and the seating with a mixture
of emery and oil, and rotating
the valve against the seat by a
screwdriver as hereinafter described.
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Removing Carbon Deposits
lf the motor is of a detachable
head form, it is a comparatively
simple matter to remove the
combustion head which will
expose the piston top as well as
the combustion chamber.
The carbon deposits, which are
a fertile source of trouble, may
be removed by positive mechanical means, such as indicated at
Fig. 334, A, in which a screwdriver, chisel or scraper is employed to serape them off. As
the combustion head is removed, it will not be difficult to
relieve it of carbon deposits in
the same manner.
If a one-piece cylinder is employed,
that member may be removed,
whieh will expose the piston top
and the combustion chamber interior for mechanical scraping.
A new process of carbon removal which is meeting with success
is shown at Fig. 334 B. This
calls for the use of a small torch
burning ordinary gas or an ordinary match to start combustion,
and another member that will
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Fig 332 - Methods to Raise Exhaust Valve Spring to
Remove Valve

Fig 333 - Tool to Reface Valve Seat
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supply oxygen to the interior of
the combustion chamber.
The stream of oxygen permits combustion of the deposit and the
carbon is burnt out at all points
where the flame touches, passing
out of the cylinder in the form of a
gas, and leaving only a fine residue
or dust in the combustion chamber, which is blown out with the
exhaust as soon as the engine is
started. As the application of the
oxygen process does not necessitate
dismantling the engine, it may be
used to considerable advantage,
especially with the one-piece cylinder construction.
To insure continued good motor
service, it is advisable to have your
motor taken apart, the carbon
removed by scraping, and, if necessary, the valves reground once each
season. This is recommended in
addition to the periodic flushing.
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Removing Carbon from
Harley-Davidson Motor
Remove the motor from the
frame. It is advisable to clamp
the motor in a vise at the front
crank case lug. The bottom of
the crankcase should rest on
the bench or on a board fastened to the bench for that purpose. Loosen both manifold
packing nuts, screw out the
manifold nipples and remove
the carburetor and manifold
complete. Loosen the push rod
spring covers and remove the
inlet push rods from the inlet
lever sockets.
Unscrew the exhaust valve
spring covers with the wrench
provided in the tool kit.

Remove the cylinder stud nuts
and then the cylinders, being
careful that the pistons do not
strike the connecting rods
Have your dealer do the work if
sharply. Bring the crank pin to
possible, since he has the wrenches
the upper position. Place a clean
and tools necessary for a first-class
rag under the pistons to prevent
job. For the rider so situated that a
dirt falling into the crankcase.
dealer’s services are not available
we cover the subject fully in the
following page’s.
575

Scrape the carbon from the
pistons, remove the carbon, if
any, from the piston ring
grooves under the rings, and
look at the underside of the
piston heads for carbon.
If no carbon scrapers are available use a screwdriver, or a file
bent hook-shaped so as to obtain easy access to all carbon.
Flush the crankcase and wash
the pistons carefully with gasoline; then drain and cover the
whole assembly with a clean rag
and set aside.
Next, place one of the cylinders
in the vise. Lay the cylinder flat
between the jaws and screw up
the vise. There is no danger of
breaking the cylinder flanges if
the jaws are four inches or more
in length. Remove the inlet,
housing clamp nut and cap. A
wrench to fit the clamp nut is
furnished with the tool kit.
Remove the inlet housing lock
screw and take out the inlet
housing. If the housing sticks, it
can easily be removed after the
exhaust valve spring has been

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
taken off, as follows: Raise the
exhaust valve spring collar,
withdraw the key and remove
the collar, spring and spring
cover. The inlet housing can
then be easily pushed out of the
cylinder with the exhaust valve.
If necessary tap the exhaust
valve squarely and lightly with a
small hammer or block of wood.
Remove the cylinder plug with a
large monkey wrench. Then take
out the priming cock.
After having removed all fittings,
the cylinder is ready for scraping. Take the cylinder from the
vise and with a set of carbons
scrapers remove all the carbon
from the combustion chamber
and all corners of the exhaust
port.
Also clean out the priming cock.
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Grinding Valves
Clamp the cylinder in the vise
again and clean the carbon front
the exhaust valve and stem.
Place a reasonable amount of
grinding compound on the seat
of the exhaust valve, drop the
valve back into the cylinder and
with a screwdriver or breast
drill, turn the valve first one way
and then the other.
It is necessary to turn the valve
hack and forth and not press
too hard, or the seat may be
badly “ringed.” When the face of
the valve seat and the seat in
the cylinder present a smooth
uniform appearance, it may be
taken for granted that the valve
is seating properly.
After the valve has been ground
to the operator’s satisfaction, it.
should be given a simple but
accurate test by marking the
valve seat and the seat. in the
cylinder with pencil marks
about 1/8 inch apart.
Put the valve into the cylinder,
give it about one-quarter turn,
take it out and see whether the
576

marks have been erased equally. If the marks are only erased
in places, the valve or cylinder
seat is warped, and it may be
necssary to fit another valve or
take off a. light cut in a lathe or
a grinder, or re-ream the seat in
the cylinder after which, of
course, the valve must be
ground again.
Harley-Davidson dealers are
furnished with a special tool for
reaming exhaust valve seats in
cylinders and the operation of
refacing should be referred to
the dealer when possible.
After grinding both exhaust
valves, inspect the inlet valve
seats. Compress the inlet valve
spring, remove the key and the
assembly can be taken apart. If
the seats are pitted, they should
be reground.
A convenient method is as follows: Fit the valve in the housing and place a small quantity of
grinding compound on the
seats; then clamp the upper end
of the valve stem in the vise.
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Turn the housing by hand, first
one way and then the other,
until the seats present a
smooth, uniform appearance.
In this connection it is advisable
to inspect the inlet and ex-haust
valve springs. The 1920 inlet
valve springs and exhaust valve
springs are 2-1/2 inches in length
if the springs are found set
(shrunk) considerably, replace
them. Good valve springs make
for quiet running, and smooth
and flexible motor action.
Before assembling the motor
wash all parts thoroughly in
clean gasoline to remove all
particles of carbon and grinding
compound. Apply a little oil to
the pistons, working it well under the piston rings.
Replace the cylinders, making
sure that the paper gaskets
between the cylinders and
crankcase are in good condition.
Replace the carburetor and
intake manifold assembly in
such a way that the manifold is
clamped centrally between the
packing nuts.
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Read just the exhaust lifter pins
as shown in Fig. 331, p556.
Replace the inlet push rods.
adjusting them to the proper
clearance.
Fit the motor in the frame, making sure that the cylinder and
crankcase crankcase connections
are secure. The corrugated lock
plates are to be placed one each
under the bolt heads, and one
each under the lock washers,
with the oblong holes upward.
If one connection is left loose, the
resultant excessive strain placed
on the other connection may
cause the breaking of a frame
fitting. The controls should be
given very careful attention. See
that the spark can be advanced
and retarded the full travel of the
interrupter. The throttle should
open fully and close entirely without placing any strain on the
throttle shaft.
Give the motor two hand pumpfuls of oil. Run it slowly. Test for
a possible leak around both
inlet housings, manifold ends,
cylinder plugs, spark plugs, and
577

priming cocks, using a priming
gun and gasoline. If the running
of the motor is affected during
one of these tests, a leak is
indicated. This leak must be
eliminated before the motor will
run satisfactorily, especially at
low speed.
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Grinding the Valves
Without Removing Motor
The previous instructions cover
the grinding of the valves when
the motor is removed from the
frame and, as explained, every
motor should be given this attention annually. During the
season it may be desired to
grind the valves. This can be
done without removing the motor from the frame as follows:
Wrench FK822 in illustration
Fig. 288 is provided to handle
the inlet housing clamp nut.
After removing this nut and the
set screw in the cylinder, the
housing can be removed.
If the inlet housing sticks in the
cylinder, it can easily be forced
out by the motor itself. This is
accomplished by removing the
inlet housing set screw, loosening the housing clamp nut
about two turns and running
the motor slowly.
The force of the explosion and
compression will loosen the
housing. Do not remove the
housing clamp nut entirely or
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the housing may be blown out
with sufficient force to do considerable damage.
Before the exhaust valve can be
removed, it is necessary to loosen the exhaust valve spring
cover. After removing the inlet
housing and spark plug, put a
wedge of some kind through the
spark plug hole against the
exhaust valve, so as to hold the
latter in place while raising the
exhaust. valve spring collar to
remove the key in the exhaust
valve stem. The spring, of
coarse, must be compressed
before the key can be withdrawn.
Before grinding in the valve, be
sure that the cam which raises
the exhaust valve is all the way
down, so that the exhaust valve
is resting on its seat, and that
the exhaust valve is free from
carbon.
Place a reasonable amount of
grinding compound on the seat
of the exhaust valve, distributing it evenly over the surface
and grind the valves per instructions previously given.
578

It is seldom necessary to grind
in the inlet valve, inasmuch as it
is not subject to as much heat
as the exhaust valve. It is,
however, a simple matter to
grind the inlet valve.
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The Importance of
Accurate Valve Tappet
Adjustment.
After grinding the valves, it is
necessary to readjust the exhaust lifter pins and inlet push
rods, or tappets, as termed
hereafter.
The method of adjusting the
tappets is covered in connection
with the subject of valve grinding, for convenience, although it
is advisable to inspect and adjust the tappets of a new machine after the first 200 miles of
service and every two mouths
thereafter, because it is essential that the adjustment be correct.
This holds true after the valves
are ground as well as when the
motor is new. If the gap between
the valve stem and lifter pin is
too small, the valve may be held
open after expansion under
heat, since the ex-pansion of the
cylinder and valve mechanism
vary.
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The result will be a pitted and
eventually a burnt valve. On the
other hand, if there is too much
clearance, the valves will be late
in opening and early in closing,
resulting in sluggish motor action and over-heating.

INCHES TO MILLIMETERS
Inches x 25.4 = millimeters.
Inches /0.03937 = millimeters.
It can be understood from the
foregoing that accuracy in the
adjustment of the tappets is
essential.
For example, if all inlet lever
has 1/16 inch clearance when
the motor is cold, instead of
the correct clearance, .004
inch, the inlet valve timing will
be changed from about 1/4 inch
before top center, the correct
timing, to top center.
We recommend that. your dealer
make the adjustments, since he
most likely has a feeler gauge as
shown in the accompanying illustration, Fig. 331, P556, and the
necessary wrenches.
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However, for the rider who
cannot conveniently refer his
machine to a dealer we cover
the subject thoroughly in the
following paragraphs/pages.
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To Adjust Exhaust Lifter
Pins and Inlet Push Rods
When adjusting an exhaust
lifter pin be sure that the pin is
in its lowest or hottom position,
by turning the motor until the
exhaust valve of the other cylinder is raised. To make sure that
the lifter pin is in its bottom
position, force it down with a
screwdriver before adjusting.
The motor must be cold when
making these adjustments.
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piece of writing paper is about
0.003 inch thick, therefore, by
doubling the paper to obtain the
required thickness an accurate
adjustment can be made.
If a larger gap is required, hold
the hexagon head of the lifter
pin with one wrench and with
another wrench turn the screw
to the right or into the lifter pin.

The reason we do not advise
loosening the locknut first, is
because if the lifter pins were
set with a 0.010 inch gap with a
The correct clearance between
loose locknut, the gap would not
the exhaust lifter pins and exremain the same after the lockhaust valve stems for both cylinnut were tightened, since there
ders on the 1920 models, with
is always a slight give in the
the valves closed is 0.008 inch
threads and metal.
to 0.010 inch. For accuracy, we
advise using a feeler gauge such Also turn the lifter pin while
adjusting to insure against high
as shown. This gauge has
spots, and give the required
blades of various thicknesses
clearance. Do not loosen the
and can very conveniently be
locknut, unless the screw is so
used to gauge different cleartight that there is danger of
ances, such as spark plug
twisting off the screw. Then
points and circuit breaker
loosen it only slightly so as to
points.
keep a pulling tension on the
If a gauge is not available, a
screw, pin and threads.
piece of ordinary writing paper
will do the job. An ordinary
580

If the lifter pin clearance is too
great, hold the locknut with one
wrench and with another
wrench turn the screw outward
or to the left. Even though it
was not necessary to loosen the
locknut to adjust the lifter pin,
make sure that this nut is absolutely tight after the adjustment
has been obtained. Then check
the clearance again with the
feeler gauge or a piece of paper
doubled to the required thickness.
Both inlet valve tappets should
be adjusted so that there is
0.004 inch play between the
inlet valve stem and inlet lever.
The motor must be cold when
making this adjustment.
When adjusting, do not release
the locknut entirely. Keep a
strain on the threads so that the
adjustment can not vary while
tightening the lock nut. To increase the clearance, hold the
push rod end with one wrench
and turn the push rod into the
end with another wrench.
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To decrease the clearance, hold
the lock nut and turn the push
rod out of the end. Make sure
that the valve is closed before
adjusting and again measure
the clearance after the lock nut
has been tightened.
For convenience, remove the
cover and spring while adjusting
the push rod. Unscrew the cover
from the lifter pin bushing and
bear down on the inlet lever
directly above the inlet valve
stem to open the inlet valve.
Do not attempt to remove the
push rod from the inlet lever
socket, but raise the cover and
spring slightly and remove the
lower end of the push rod from
the inlet lifter pin.
Remove the cover and spring.
Replace the push rod in the
same manner that it was removed and make the required
adjustment. Remove the push
rod again, fit the spring and
cover and refit the push rod.
This method is more satisfactory
than to try to adjust the push
rods without removing the covers and springs.
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To Clean Spark Plugs
If possible, take the spark plug
apart, wrap a small strip of fine
sandpaper or emery cloth
around the core, and revolve the
core several times with the fingers.
It is a good plan to lightly sandpaper the spark plug points or
electrodes, because they get
coated with a substance that
tends to insulate them, causing
hard starting and missing.
After the plug has been fitted to
the cylinder, test for leaks by
running the motor slowly and
squirting gasoline over the plug.
If the running of the motor is
effected, the plug leaks. If tightening the clamp nut does not
help, fit a new plug.
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To Adjust the Spark Plug
Points
The spark plug gauge in envelope No. 2 in illustration Fig.
288 is supplied to enable the
rider to keep the spark plug
points in perfect adjustment at
all tines. When the sparking
points are the correct distance
apart, it should just be possible
to insert the gauge between the
points, as shown in the illustration.
It is a good plan to carry the
spark plug gauge on your key
ring. Properly adjusted points
and clean spark plugs contribute greatly to a smooth running
motor.
The spark plug gauge is just
0.022 inch thick. The HarleyDavidson engineers have proved
that this gap is best for most
efficient performance of the
Harley-Davidson motor and it
will also be satisfactory on most
engines used in motorcycles.
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to start, it may be that the
spark plugs have absorbed
moisture. Heating them will
materially assist in starting the
motor easily.
A spark plug may be tested by
holding it against the cylinder
and turning the motor over. If a
good spark appears, it may
generally be taken for granted
that the spark plug is O. K. This
is not an absolute lest, however,
for a plug may spark in the open
air but not under compression
in the cylinder.

To Test the Spark Plugs
If the motor does not fire evenly
on both cylinders or skips on
one cylinder, and a spark plug
is suspected, it is advisable to
reverse the plugs.
For example: If the miss is in
the front cylinder and reversing

the plugs transfers the miss to
the rear cylinder, it is clear that
the spark plug is faulty. In that
case the spark plug should be
cleaned or if necessary replaced
with a new one.
When a machine has been left
in a damp place for some time
and the motor is found difficult
582

The one sure way of testing a
suspected plug is to try another
plug which is known to be good,
in its place.
It is always advisable to carry a
spare spark plug for emergency
use. To buy a cheap plug is poor
economy. Get a good plug, if
possible one of the make with
which your machine was
equipped when you received it.
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THE SCHEBLER
CARBURETOR.
Do Not Change the
Carburetor Adjustment
Unless Necessary.
The carburetor on each machine
is properly adjusted when it
leaves the factory, and under
ordinary conditions of service
should not require any readjustment.
Occasionally, however, a change
it adjustment becomes necessary for some reason or other
and when you are absolutely
sure that the carburetor does
require readjusting take your
machine to your dealer.
If this cannot bo done conveniently, apply the directions
under instructions for adjusting
carburetor.
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How the Carburetor Works
The gasoline is converted into a
gas by the suction formed in the
cylinder when the piston is on
its downward intake stroke.
This suction draws a fine spray
of gasoline from the nozzle “N,”
see Fig. 336, over, and also
draws a quantity of air into the
carburetor through the hot air
connection “V” and the auxiliary air valve “A.”
The gasoline and air are then
thoroughly mixed while passing
through the mixing chamber,
manifold and into the cylinder.

Easy Starting Device
To facilitate easy starting of the
motor, pull out the knurled
bottom “B,” see illustration at
Fig. 336, over, and give it a
slight turn to the left. This tightens the spring of the auxiliary
air valve, preventing a large
quantity of cold air rushing past
this valve.
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The cold air admitted to the
carburetor will then come in
only at the bottom of the carburetor, directly past the spray
nozzle, insuring a rich mixture
which will facilitate ready starling. After the motor starts, the
knurled button “B” should be
turned back so as to release the
spring tension.
Just after the motor starts, it
will often be inclined to backfire,
which is caused by the parts
being cold. In that case the
knurled button “B” should he
dropped into recess marked “2,”
Fig. 296, which will apply only a
slightly increased tension on the
spring.
The motorcycle can be run this
way until the motor gets warm
enough to miss, after which the
button should be entirely released. Do not readjust the
carburetor, but simply wait until
the engine is warmed up, when
the motor will run smoothly.
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Air Valve Spring
Adjustment

To loosen the spring
tension, turn button “B”
to the right.

The auxiliary air valve is
equipped with an adjusting device, which
allows taking up the set
in the spring, and also
the end wear of the air
valve parts.

Pulling out button “B”
and then turning it,
which is done before
starting the motor, does
not affect the air valve
spring adjustment.

Sometimes, slightly
tightening or loosening
the air valve spring
tension, which is done
by turning button “B”
without pulling it outward, will improve the
running of the motor.
Under normal conditions the pressure of the
air valve against the
seat should be seven
ounces when the starting stem is entirely
released.
To tighten the spring
tension, turn the button
“B” to the left without
pulling the button out.
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Instructions for Adjusting
the Carburetor
The needle valve should not be
turned to obtain the low or high
speed adjustment. The only time
when the needle valve should be
turned is when the roller of the
needle valve lift lever has traveled about 3/16 inch over the
length of the cam, measuring
from the closed position.
Refer to “M” in Fig. 337 indicating this position. This is the
highest point of the cam and is
the only part which is not adjustable. Both ends are adjustable and therefore control the
position of the needle valve
without the need of turning the
valve itself.
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Before changing any adjustment, run the motor until it is
warm to make sure that a
change in adjustment is absolutely necessary, also because
the carburetor can only be adjusted properly when the motor
is warm.
It all adjustments, including the
low, intermediate, and high
speed, seem to be a little too
rich or too lean add this effect is
the same for all throttle positions, the needle valve can, of
course, be turned as may be
necessary.
See that the leather air valve “A”
seals firmly but lightly and that,
the brass hexagon nut firmly
clamps the valve onto the
bush-ing.

In some eases a better adjustment can be obtained when the
roller is not exactly 3/16 inch
from the closed position. Therefore, do not take for granted
that one position, that is, 3/16
inch from the end of the cam,
will give best results from all
carburetors.
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Obtain the Proper Needle
Valve Adjustment First
Open the throttle far enough so
that the cam “J,” which is on
the cam casting “K,” moves
about 3/16 inch under the roller “G” of the lift lever. Refer to
arrow “M,” illustration 29, showing this position.
Be sure to measure this distance from the closed throttle
position; then turn the knurled
nut “I” of the needle valve “E” to
the left: or right, as may be
necessary to make the motor
fire evenly.
Have the motor running at idle
with a fully advanced spark
while making this and the low
speed adjustment.
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To Make the Low Speed
Adjustment.

To Make the High Speed
Adjustment

Extra Air Port for High
Speed

Turn the low speed adjusting
screw “L” out of the carburetor
1/16 inch. Then turn the large
grooved screw “D” into which
the end of the cam is hooked,
inward or outward, as may be
necessary to make the motor
fire evenly with a closed throttle.

The carburetor is now ready for
the high speed adjustment. Do
not make the adjustment with
the motor running idle.

The air lever on the side of the
mixing chamber should be
opened when extreme high
speed is desired.

The machine should be run at
high speed on the road. The
throttle and spark should be
fully advanced.

Be sure to shut this port before
the motor is stopped, because
you will find it difficult to start
the motor with this port open.
Harley-Davidson riders in high
altitudes, where the air is thin,
find the extra supply of air
made possible by this port of
great value.

Turning the screw inward increases the amount of gasoline,
while turning it outward decreases it. Do not turn the
small jamb screw “O ” which is
turned into the casting.

The adjustment. is now made by
the pointer “Z” (see illustration
Fig.337 ), which as it moves
from “I” forward “3” increases
the supply of gasoline.
Moving the indicator until it
reaches the right point, the
motor will run without missing
or backfiring.

587

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

How to Remove the
Carburetor
Disconnect the throttle control
tool gasoline pipe from the carburetor. The carburetor can
then be removed readily by
taking out the three screws with
which it is fastened to the intake manifold.
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Remedy for Flooding
If the carburetor floods and the
carburetor primer is not sticking, thereby holding down the
float, which will of course cause
flooding, the carburetor should
be inspected as follows:
Remove the carburetor as just
explained.

Do not lose or damage the paper Remove the hot air connection
gasket between the carburetor
and the bowl clamp nut.
and the manifold in this operaTake off the bowl with the float
tion.
assembly.
Turn the bowl bottom end up
and try to blow through that
part to which the gasoline pipe
connects.
If there is an air leak, the float
valve is not seating firmly; then
try to force the float valve onto
its seat by raising the float and
repeat the test.
If the float valve still leaks,
remove the threaded float lever
pin “R,” then the cap “F” and
the nut clamping the float valve
“H” to the float lever “S.” Remove the float valve and then
the float with the lever.
588

Inspect the seat of the float
valve and remove all dirt and
other foreign matter. Fit the
float lever pin in the float lever
and see that the fit is free.
If the test above referred to,
namely, to force the float valve
onto its seat, proved that the
flooding was not due to a faulty
float valve or dirt, inspect the
float carefully. See that the shellac with which the float is coated has not cracked or peeled,
allowing the gasoline to saturate
the cork. A gasoline logged float
will not close the float valve at
the correct gasoline level and
will cause flooding. A gas logged
float must be dried out, thoroughly sandpapered and reshellaeked.
If these suggestions do not apply,
measure the distance from the
top of the float in its raised position at a point opposite the float
valve, to the top of the bowl. The
correct distance is 19/32 inch. If
necessary, bend the float lever to
get the correct level.
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Clogged Gas Line
Great care should be taken to
keep the tanks, vent holes in
filler caps and feed pipes free
from dirt and foreign matter
that will interfere with the flow
of gasoline.
A clogged gas line means that
the motor will not run at all, will
run for a while and then stop or,
if the flow is only slightly retarded, the motor will slow down,
and it will be impossible to adjust the carburetor satisfactorily, especially for high speed.
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If any gasoline is spilled when
the tanks are being filled, be
On account of the large amount
careful to wipe off all the parts
of sediment and water which is in which the gasoline reached and
all gasoline, and which causes
wait a full ten minutes before
most so-called carburetor trouble, starting the motor.
we advise the use of a fine brass
Go over the gasoline pipe and
strainer in the funnel with which
shut off valves carefully from
the gasoline tank is filled.
time to time to see that there is
Prior to 1916, gasoline dirt traps not the slightest gasoline leak.
or strainers were fitted be-neath Sometimes the gasoline line
the tanks. On the later models,
becomes damaged without the
the gasoline strainers are fitted
rider’s knowledge, causing a
within the tanks. The screening
small leak, and it is best to be
surface is so large that the
on the safe side and examine
strainers can never become
these parts as recommended.
clogged, doing away with the
Carelessness may cause a gasonecessity for cleaning.
line blaze. Never use water in
Attention is called to the gasoattempting to put it out. A fire
line strainers here, because
extinguisher using a liquid or a
some old riders may conclude
powdered composition is best
from the absence of the strainfor the purpose. Sand, dust or
ers below the tanks, that the
fine dirt will generally put a
gasoline is not strained before it small blaze out quickly.
enters the carburetor.

Strain Your Gasoline

Never fill your gasoline tanks
near an open flame. If your machine is equipped with any
lights other than electric, be
very careful to have the lights
out when filling the tanks.
589
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When Machine Does Not
Run Right

If the Motor Misses At
High Speed

Remember there is a definite
reason for every form of trouble.
When your machine does not
run right, investigate, and you
will most likely find that there is
one simple cause responsible.

Gasoline pipe or shutoff valve
may be partially plugged. Inspect
carefully and clean thoroughly.

In connection with the following
suggestions the proper instructions in the foregoing part of this
manual should be consulted.

Often a clogged gasoline line may
be cleared by closing one shutoff
valve, and then taking the filler
cup off the other tank and blowing into the tank while the carburetor primer is held down.
After blowing into one tank,
reverse the operation, that is,
close that shutoff valve, open
the other one and blow into the
other tank.
The air vent in the gasoline filler
cap may be plugged. This can
generally be cleared by removing
the cap and blowing through it.
The carburetor may be improperly adjusted.
The spark plug points may not be
properly adjusted or the spark
plugs may be dirty or faulty.
There may be water or impurities in the gasoline. The only
remedy is to completely drain
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both gasoline tanks and carburetor and refill the gasoline tank
with gasoline which you know to
be clean and of a good grade.
The gasoline supply may be
running low. Sometimes a low
gas supply causes at miss at
certain speeds,
‘I’lie valves may be in bad condition and need grinding.
Weak valve springs are frequently the cause of a miss.
If the motor of an electrically
equipped model misses only at
high speed; it may be clue to a
loose wire or connection between
the generator and battery. The
centrifugal switch points may be
making a poor contact.
The magneto or generator circuit breaker points may be improperly adjusted or in poor
condition.
The interrupter lever may be
sticking.
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If the Motor Misses When
Running Slowly
Apply the tests described under
“If the Motor Misses at High
Speed.” If those tests do not apply, test the manifold for a leak.
To locate a leak take the priming
gun and squirt gasoline around
the manifold packing nuts and
connections while the motor is
running, slowly. If there is a
leak, the result will be misfiring,
or the motor may possibly stop
altogether.
To remedy this trouble, go over
the manifold connections very
carefully, tightening the manifold packing nuts and nipples,
and replacing any parts which
may have been damaged from
some cause; also test around
both inlet housings, spark
plugs, cylinder plugs, and priming cocks with gasoline.
Leaks at any at the above places
will cause poor running of the
motor, especially at low speed,
and can generally be overcome
by tightening with proper
wrenches.
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If the missing is not due to one
of these causes, test the compression by cranking the motor
by hand, with transmission in
high gear and clutch engaged.

If the Motor Misses at
Medium Speeds
One or more of the remedies
given in the two previous headings will correct a misfire of this
nature, although an improperly
adjusted carburetor is the most
likely cause.

See that there is a good spark at
the end of the spark plug cables.
See that the spark plugs are
clean and properly adjusted.
See that no wires are broken,
loose or disconnected, also that
the insulation has not been
damaged, thereby causing a
short circuit.
Examine the circuit breaker points
on the magneto or generator.
See that the. interrupter lever
works freely, and the points
separate properly.
See that the controls work properly.

If the Motor Refuses to Run

If it is impossible to turn the motor
over with the starter, the trouble
See if you can locate any faults
mentioned under above headings. most likely is due to the fuel that
the machine has been run without
See there is gasoline and oil in the
oil, or run without enough oil until
respective tanks and that gasoline
the piston rings have become
is reaching the carburetor.
seized in the cylinders.
See if gasoline drips from the
Under these conditions it is gencarburetor after priming.
erally possible to loosen the motor
See that the oil pipes are properly connected.
See that the carburetor is secure on the intake pipe.
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by injecting a half cup of kerosene into each cylinder. A motor
that has seized, should be referred to a competent repairman
at the first opportunity.
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If it is Difficult to Start the If the Motor Stops on the
Motor
Road
Look for trouble as outlined in
previous instructions and the
difficulty will most likely be overcome. It is necessary to give the
starter pedal a vigorous stroke in
order to start the motor with any
consistent regularity. This sharp
starting stroke is generally developed by the rider only after a
week or so or practice.
If hard starting is experienced
with electrically equipped Harley-Davidson model 20-J, test
the centrifugal switch and storage battery before applying the
above instructions.
To test, try to sound the horn
while cranking the motor vigorously, first making sure that
the horn will sound when the
motor is running.
If the horn will not sound, the
battery is discharged or the
centrifugal switch does not
make contact and instructions
in Chapter IX should be referred to.

Generally when your motor
stops, you can ascertain the
cause by referring to previous
instructions and the motor trouble charts.

If the Motor Shows Loss of
Power
Occasionally a rider will complain that his motor has lost
some of its power, and investigation will show that the spark
does not advance all the way.
Loss of power is often due either
to improper carburetor
ad-justment or to excessive
carbon deposits in the combustion chambers.
Sometimes loss of power is
caused by loss of compression.
This generally points to worn
out or damaged piston rings.,
scored pistons, and cylinder
walls, or the valve may need
grinding or ad-justing.
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Preignition
Sooner or later excessive carbon
deposits will cause preignition,
due to the particles of carbon
which get red hot by the compression of the gas in the combustion chamber and increase
the compression by naturally
decreasing the area of the combustion chamber.
Preignition is sometimes mistaken for a miss in the motor. If the
trouble is due to preignition, it
will not be noticeable until the
machine has been run possibly
a quarter of a mile or more. The
remedy, of course, is the very
careful removal of the carbon
deposits.
Preignition may be caused by
improper adjustment of the
circuit breaker or spark plug
points, or by a poor circuit between the generator and storage
battery.
Sometimes it will be necessary
to put a different type spark
plug into a motor, the plug itself
being the cause of preignition.
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Defects in Power
Transmission Elements
If the drive is not positive when
chains are employed, the trouble is invariably due to a slipping clutch or compensating
sprocket which may be easily
remedied by adjusting these
devices.
If chains break frequently, it is
because they are either worn
unduly, sprockets are not in
proper alinement, or the sprockets have depreciated to such a
point that the teeth are hooked
and do not permit the chains to
ride smoothly over them.
Chains should be kept clean
and thoroughly lubricated in
order to obtain silent driving.
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After the chains have been allowed to soak in this hot mixture, they are taken out and the
surplus lubricant wiped off the
outside.
Oil on the chain surfaces merely
serves as a basis for accumulations of dirt which act as an
abrasive and produces rapid
wearing of both chains and
sprockets.

Back-Firing or Popping in
the Carburetor
This is due to the fact that either
the carburetor or inlet push rods
are not properly adjusted, the
spark is advanced too far, or the
intake valve lift mechanism is
sticking, or is out of adjustment.

Lubrication does not consist of
indiscriminate application of oil
over the chain surface, but
should be done by removing the
chains, cleaning them thoroughly in gasoline or kerosene, and
then boiling them in tallow or a
mixture of grease and graphite.
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If the Motor Overheats
Overheating of the motor may
be caused by an over or insufficient oil supply, by a loss of
compression, by a large carbon
deposit, by a clogged or dirty
muffler, by a retarded spark, or
by an improperly adjusted carburetor.
Sometimes in extremely cold
weather, unless kerosene is
mixed with the lubricating oil,
the oil may partially freeze,
preventing sufficient oil from
reaching the motor, which, of
course, will cause the motor to
overheat.
Proper attention to the motor
will generally insure satisfactory
service. If any trouble develops,
refer to the previous instructions. Locate the trouble and
apply the suggestions before
taking anything apart.

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

10. MC Troubles & Sidecar Attachment

Testing for Chain
Alinement
There are two ways in which
alinement may be at fault. The
sprockets may be in line, but
the shafts may be out of parallel. On a well-designed machine,
this should not happen, but
cases have been known. The
second possibility is that the
shafts may be parallel, but one
sprocket is further in or out on
the shaft than the other.
In order to discover if the alinement is correct, the inside of the
side plates of the inner links of
the chain should be examined
after the chain has been in use
some little time. If the side
plates on one side of the chain
are worn much more than those
on the other, with ridges or
shoulders cut in them by the
wheel teeth, the probability is
that one of the shafts is a little
out of parallel. Should both
sides of the chain be unduly
worn and cut, probably one
wheel is further out on its shaft
than the other.

A straight edge, or even a piece
of string stretched tightly across
the faces of both wheels will
often indicate the error.
Generally speaking, errors in
alinement are best corrected by
the expert, i.e., the machine
should be taken to the agent for
examination. The chain drive of
the Indian Scout model is
shown at Fig. 338.
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How to Adjust Chains

Slipping Belt Drive

If the chain is too slack, it is apt
to “whip,” which intensities the
wear and tends to break the
rollers.

Flat belt drive was well thought
of on early machines but has
the detect of slipping at times. It
is imperative that the belt be
kept soft and pliable at all times
with applications of neatsfoot
oil, and that the lagging on the
small pulley be maintained in
proper condition. When the
lagging wears off, the belt will
not have sufficient adhesion
with the small metal pulley, and
slipping is unavoidable.

If, on the other hand, it is too
tight a crushing effect is produced on the rollers and the
whole chain is strained unduly.

A chain should be adjusted, and
kept adjusted so that it can be
pressed down with the finger
from 1/8 inch on the short drive
from engine to countershaft, to
Various,special laggings comsay, 1/2 inch on the back chain.
posed of woven asbestos materiAdjustment of the first reduction
als impregnated with rubber are
drive is generally provided for by
marketed at the present time
an eccentric on the countershaft, which give much more satisfacor by sliding the gear box.
tion than leather, as they are
more enduring and have a
The slack in the back chain is
greater degree of friction.
taken up in the safe manner as
on the pedal cycle by drawing
back the rear wheel.
Of course, the tension of all
chains should be looked to at
the same time.

The V-belt transmits power
positively and only slips when
the pulleys are worn so that the
bolt does not contact properly
with the pulley sides. The design
of the V-belt is such that it has
a certain wedging action in the
pulley and is not apt to slip as is
the flat belt.
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If the clutch is at fault as is the
case if the belt or pulleys are
not worn unduly, it can be taken up until it transmits power
without slipping.
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Care of Leather Belts

Care of Wheels

Clean your belt thoroughly and
often, once a week, or at least
after every hard run. Carefully
scrape off all dirt or sand.

The important point to observe
in regard to the wheels is that,
these are adjusted so that they
revolve freely. If the cones of the
hubs are screwed up too tightly,
the ball-bearings will have considerable friction and will wear
out rapidly.

After each cleaning, apply motorcycle belt dressing. This dressing will
increase the life and efficiency of
your belt — keep it soft and pliable,
and prevent unnecessary slippage
which will wear out any belt.
It is important that the screws
in pulley lagging do not project;
if they do, they will cut the belt
and shorten its life.
Be sure to release the idler when
machine is not in use, and apply
carefully when in service — this
insures minimum stretch of belt,
and enables it to retain its elasticity
and wear longer. project; if they do,
they will cut the belt and shorten
its life.
Be sure to release the idler when
machine is not in use, and apply
carefully when in service—this
insures minimum stretch of belt,
and enables it to retain its elasticity
and wear longer.

The hub bearings should always
be kept properly lubricated, and
the cones should never be tightened up beyond the point where
the wheel will revolve freely and
yet have no side-play or shake.
Where the drive is through the
hub, as is the case in all chaindriven machines, one should
inspect the rear wheel carefully
from time to time for loose
spokes. With a belt-driven machine, this precaution is not so
necessary because the power is
applied to a large belt pulley
attached directly to the rim and
not through the medium of the
hubs and spokes.
The front hub, if properly adjusted, is not apt to give any
trouble, but the rear wheel
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which has a coaster-brake hub
needs more attention. It not
only demands more oil and
careful adjustment of the hub
bearing, but the braking mechanism must be looked at from
time to time to make sure that
the brakes will function properly
when needed.
If the coaster brake does not
engage promptly, it indicates
that the brake end is filled with
an accumulation of old,
gummed-up lubricant.
If the brake takes hold too
quickly, it indicates lack of lubrication in brake end.
If hub runs hard, it indicates
that adjusting cone is too tightly
screwed in; if hub wabbles, it
means that bearings are adjusted too loosely.
If forward pedaling does not
engage hub and rotate it
promptly or back pedaling does
not apply brake positively, examine transfer spring to see
that it is not broken and that it
is in place correctly.
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Defects in Clutches and
Gearbox
Considering first the member of
the transmission system that
will affect the efficiency of the
entire assembly when deranged,
it will be well to discuss the
troubles common to the various
types of clutches.
The defective conditions that
most often materialize are too
sudden engagement which
causes “grabbing,” failure to
engage properly, slipping under
load, and poor release.
Clutches utilizing a leather facing
will cause trouble after a time,
because of natural wear or some
defect of the friction facing. The
leather may be charred by heat
caused by slipping, or it may have
become packed down hard and
have lost most of its resiliency.
The asbestos-wire combinations
do not give this trouble. The
clutch spring may be weakened,
or broken; this will cause the
clutch to slip even if the leather
facing of the cone is in good
condition.
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The two troubles usually met
with by the motorcyclist are
harsh action, as one extreme
condition, and loss of power
through slippage as the other.
On motorcycles fitted with multiple-disc clutches, as practically
all modern machines are, the
same troubles may be experienced. If a multiple-disc clutch
does not release properly, it is
because the surfaces of the
plates have become rough and
tend to drag.
The plates of a multiple-disc
clutch should be free from
roughness, and the surfaces
should always be smooth and
clean. Harsh engagement also
results by the absence of oil in
those types where the discs are
designed to run into an oil bath.
Spinning or continued rotation of
a multiple-disc clutch often results from seizing due to gummed
oil, the presence of carbon or
burned oil between the plates and
sometimes by a lack of oil between the members.
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When a multiple-disc clutch
slips, it is generally caused by
lack of strength of the clutch
springs or distortion of the
plates or wearing of friction
facing in the dry plate types.
To secure the best results from
a multiple-disc clutch, it is imperative that only certain grades
of oil be used. If one uses a
cheap or inferior lubricant, it
will gum and carbonize, because
of the heat present when the
plates slip or it will have such
viscosity that it will gum up
between the plates.
Most authorities recommend a
good grade of light or medium
cylinder oil in multiple-disc
clutches where lubricant is
required. In some eases, faulty
multiple-disc clutch action is
due to “brooming,” which is the
condition that exists when the
sides of the keyways or the edges of the disc become burred
over and prevent full contact of
the plates.
Clutch plates with friction facing, such as Raybestos, are
intended to be run without lu-
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bricant in most cases and will
be apt to slip if oil is put in the
clutch case. When the frictional
material wears, it must he replaced with new. New facings or
discs may be obtained from the
motorcycle builder much cheaper than from other sources. The
disc clutch used on the Indian
Scout is shown at Fig. 339-A.
When sliding-gear or shifting clutch
transmissions as shown at Fig.
339-B are used, the most common
defect is difficulty in shifting gear:
and noisy operation. The trouble
met with in gear shifting is usually
caused by the edges of the teeth of
the shifting members having
burred over so that they do not
pass readily into the spaces between the teeth of the gears they
engage with.
Another cause of poor gear
shifting is deterioration of the
bearings which may change the
center distances of the shafts to
a certain degree and the relation
of the gears may be changed
relative to each other so they
will not slide into mesh as freely
as they should.
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Noisy operation is usually due
to a defective condition of lubrication, and if the gears are not
worn too much it may be minimized to a large extent by filling
the gear case with oil of sufficient consistency to cushion the
gear teeth and yet not be so
viscous that it will not flow
readily to all bearing points.
A difficulty in shifting is sometimes due to binding in the control levers or selective rods, and
these should always work freely if
prompt gear shifting is required.
If considerable difficulty is experienced in meshing the gears
and the trouble is not found in
the gear-set, it will be well to
examine the clutch to make
sure that the driven member
attached to the gear-set main
shaft does not “spin” or continue to revolve after the clutch is
released.
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Adjustment of Brakes
The means of adjusting brakes
may be easily ascertained by
inspection. If brakes do not hold
properly, and the friction facing
is in good condition and free
from oil, the failure to grip the
drum is probably due to wear in’
the operating leverage.
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If the brake is adjusted too
tightly the friction will cause
heat after the motorcycle has
been run a short distance, and
this increase in temperature is a
very good indication of power
loss by friction between the
brake and the drum.

If the brakes are not adjusted
sufficiently tight, a full moveOn some form of brakes, notably ment of the pedal or hand lever
those which are expanded by a
will prove inadequate to apply
cam motion, compensation for
the brakes tight enough to stop
wear of the brake shoes is often rotation of the wheels.
made by shortening the rods
When the friction facing is worn,
running from the brake to the
it must be renewed. Slipping of
operating lever.
metal-to-metal brakes is often
External brakes are usually
due to accumulation of gum or
provided with an adjustment on old oil. This is a common fault
the brake band, which permits
with multiple disc types.
one to draw the ends of the
If a disc brake heats up, the
band closer together and take
surfaces of the plates are
up much of the lost motion
between the band and the brake rough and do not pass each
other freely.
drum.
After the brakes are adjusted, it
is well to jack up the machine to
make sure that the wheel turns
freely and that there is no binding between the brake members
and the drum on the hub.

Complete instructions for
brake adjustment of HarleyDavidson motorcycles are given
in Chapter V.
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Repairing Inner Tube
Punctures
The first thing to do is to locate
the hole through which the air
is escaping. If it has been
caused by a nail or other large
object, it may be easily found by
examining the tube, but in some
eases it may be a very small
puncture that cannot be discovered readily.
After removing the inner tube
blow it up until it is distended to
its normal size. Do not put
enough air in the tube to stretch
it; if the pressure is too high it
may enlarge the hole. If a bucket or trough of water is at hand,
immerse the tube in the water a
little at a time, at the same time
slightly stretching the tube. If
this is done carefully, air bubbles will be seen rising from the
leak, no matter how minute it is
when the injured portion of the
tube is under water. If it is impossible to get enough water to
immerse the tube, dampen the
hand and pass it along the tube
surface.
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The wet hand is very sensitive to
even the slightest air current,
and the leak can be found very
readily in this manner.
Another way to locate a leak is
to blow the tube up and then
pass it. close to the ear, revolving it slowly so that all parts of
the tube are passed before it.
The leak will be evidenced by a
hissing noise which is in proportion to the size of the leak.
A good way of marking the leak
positively is by means of an
indelible pencil which will leave
a mark on the rubber when
moistened that will not come off.
A piece of sandpaper or emery
cloth is usually provided in a
repair kit, and with this all of
the gray deposit from the rubber
should be cleared front an area
around the puncture, somewhat
larger than the patch to be fitted. This talc and powdered
rubber may also be washed off
with gasoline or scraped off with
the blade of a jackknife if the
sandpaper is not available.
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It will be well to treat the surface of the patch in the same
manner, and to roughen up the
clean surfaces of both tube and
patch with sandpaper or a wire
scratch brush.
A light coat of cement is then
applied to both patch and inner
tube, and is allowed to dry for
five or six minutes. Then the
operation is repeated and more
cement is spread over the surface. This is also allowed to dry,
and, when the surface is sticky,
the patch is pressed firmly in
place and held in position by a
clamp or some other means that
will produce pressure.
The patch should be allowed to
set for ten or fifteen minutes
before replacing the tube. Powder the patch and tube freely
with soapstone or tale to prevent the tube sticking to the
casing, due to heat produced by
tire action.
It is well to examine the casing
before replacing the tube to be
sure that the cause of the puncture is removed. This may be
604

done by passing the hand
around on the inside. The puncturing object often becomes
imbedded in the rubber, and
while it is not visible from the
outside it may stick through the
casing and protrude on the
under side.
Temporary repairs to the casing
should be made from the inside.
A piece of fabric three or four
times the width of the hole and
long enough to reach from edge
to edge of the casing should be
cemented in place. This is done
by cleaning the lining of the
casing and applying two coats
of cement, while the prepared
fabric which is already coated
with rubber should be wet with
a little gasoline before it is
pressed in place in the inside
of the shoe.
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Rim cutting is usually caused by
running the tire flat or not inIf a tire, even when well inflated, flated sufficiently. It is somestrikes a sharp stone at high
times due to rusty or rough rim
speed this is apt to tear off a
edges or to poorly fitting rims or
portion of the tread, and often
improperly designed beads on
injures several plies of the fabthe tire casing.
ric. This is called a stone bruise
Cuts in casings allow water to
and weakens the shoe to some
enter and rot the fabric even if
extant, depending upon the
they are not sufficiently large to
amount of material removed
weaken the shoe appreciably.
from the casing or the depth of
They may be easily filled up by
penetration and its location.
using special repair pliers to
The shoe is weakened much
spread out the rubber and open
more if the tread is damaged
the cut sufficiently to clean it
than if the side wall is scraped.
out with gasoline and insert
If a stone bruise or other cut pene- special cement and repair gum.
trating the tread is neglected, sand
When the pliers are withdrawn,
or road gravel is apt to work into
the rubber closes around the
the tire as it revolves and this mate- repair material, and when the
rial soon accumulates between the
gum hardens it fills the hole
tread and fabric or between the
thoroughly.
layers of fabric until it forms a
Weakened casings can be used
protuberance of some size. This is
for some time by the insertion of
called a sand blister.
a refiner of fabric which
The action of this compacted
strengthens it and presents a
material is to break down the
solid, unbroken surface for the
layers of fabric between it and
inner tube to bear against. An
the tube and the casing inevita- outer casing or leather protector
bly blows out if the defective
may also be employed.
condition is not remedied.

Outer Casing Repairs
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A good temporary repair of a
burst casing can be made by
using an inside and an outside
blowout patch.
A new inner tube should never
be inserted in a burst casing
without first taking some precautions to close the hole or
rent, both from inside and outside, or the new tube will blow
through at the weakened spot of
the shoe before it had been in
use for any length of time.
The inner patch is composed of
several layers of frictioned fabric
(fabric impregnated with rubber
compound) and the larger sizes
are provided with hooks which
engage the rim if a clincher type
is used. It is from six to eight
inches long for small tires.
The strength of fabric used also
varies with the size of the tire
the patch is made for. This is
placed in the casing in such a
way that the rent comes at a
point approximately at the center before the inner tube is inserted.
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After the casing is replaced and
is partially inflated, the outer
shoe or patch is laced tightly in
place around tire and wheel rim
and then inflation of the tire is
completed. A repair made in this
manner is reliable enough so
the tire remains in service for
some time without attention,
though the temporary patches
should be replaced by a permanent repair at the earliest opportunity. Winding the casing
with tire tape will help if no
blowout, patch is available.
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next layer is stripped off for five
inches each side of rent, then two
or three of the succeeding layers
are taken of for the same distance, say, four inches each side
of the injury.

In replacing the layers with new
fabric, it is cut to fit the steps
left when the injured material
has been removed. Building up
in this manner makes a much
stronger repair than just replacing the injured material would,
because each layer applied reinforces the others beneath it, and
To repair a badly cut or rent outer when the last ply is in place and
casing, it is usually necessary to
all firmly joined together by the
rebuild the casing at the injured
curing process, the shoe is pracpart. The injured fabric is cut out tically as good as a new one.
and replaced with new, and new
tread rubber is also applied to the
outside of the casing.
The layers of fabric or rubber are
well cemented with special material adapted for curing, and are
thoroughly vulcanized together
and amalgamated with the remainder of the shoe. In cutting
out the old fabric, the first inside
layer is cut out at least six inches
on each side of the blowout. The

Tire Inflation Pressures
Improper inflation is responsible
for much of the tire trouble that
comes to motorcyclists. Underinflation makes rim-cutting
easy. The continued flexing of
partially filled tires tends to
break down the fabric in the
side walls.
Careful, scientific tests—trials of
actual service—have shown
conclusively the air pressure
best suited for each tire size.
The following table is offered by
the Goodyear Company :

Regular Tires.
2-1/4 inches, 30 pounds
2-1/2 inches, 32 pounds
2-3/4 inches, 35 pounds
3

inches, 40 pounds

Racing Tires - when cool.
1-3/4 inches, 45 pounds
2

inches, 50 pounds

2-1/4 inches, 55 pounds
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Advice to Purchasers of
Second-Hand Motorcycles
In the present state of efficiency
of motorcycle manufacture, no
machine can be said to be worn
out. for several years, but styles
change very rapidly and there
will always be those who want to
be right up to the minute regardless of the expense entailed.
In consequence, there is on the
market today a large number of
excellent second-hand machines. But in no other business, except perhaps the goldbrick and green-goods line, it is
so easy for the novice to make a
poor bargain.
It is very difficult to tell the real
condition of a motorcycle at a
glance, and even a trial cannot
always be depended on. Furthermore, a machine may run
nicely for a few miles, and yet,
in a few weeks, require endless
repairing.
On the other hand, one often
finds motors which, through
bad handling or lack of tuning,
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run very badly or not at all,
though for a small outlay of time
and money, properly applied,
they could be made to give excellent results.
The first thing to consider is
whether the machine in question is worth purchasing at all.
With the large selection offered
one can afford to be particular;
there are some faults which it is
not worth while to attempt to
remedy.
The question of age resolves
itself entirely into a question of
make, for, if the machine was a
good one in the beginning, it will
be good much longer than one
which was originally of a lower
grade; but the matter of design
is also important. Be sure its
maker is still in business.
Do not buy orphan motorcycles,
as you will not be able to get
spare parts.
A machine of short wheelbase,
high saddle, high-hung engine,
and short handlebars will never
be comfortable, and it would be
wiser to wait for an opportunity
609

to obtain one of a more modern
build. Transmission must also
be considered. The type is entirely a matter of personal preference ; but block chains, roller
chains too small for their work,
a narrow flat belt with an idler,
“V” pulleys not cut to twentyeight degrees, or too small an
engine pulley, can never be
made to give efficient service.
A cracked frame lug, cylinder,
crankcase, or piston, or a buckled wheel, also mean repairs
that had better be left for the
buyer with mechanical skill.
Not less important is the condition of the engine. This is the
heart of the machine, and, if it
has been seriously injured, the
cycle will be part of the repair
shop furniture for some time to
come.
Jack up the rear wheel, and
stand on the pedal with the
exhaust valve dropped. A high
compression engine in good
condition will hold your weight
almost indefinitely in this manner, but if the pedal does not
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fall for several seconds, the
cylinder and rings may be considered to be in good condition.
If it goes down rapidly, the engine should be examined further. Have the cylinder taken off
and run your finger carefully all
over the inside surface.
If you find any cuts, scratches,
grooves, or rough spots, it must
be replaced. If, however, it is all
bright and smooth, you may
turn your attention to the rings.
Examine carefully the surface
which rubs against the cylinder.
It should be all brightly polished, but there will probably be
dark spots. If these spots are
very frequent, you had better
steer clear, but if only a few it
simply means new rings.
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sprocket up and down. A tiny
amount of play is to be expected
here, but if it is at all great, new
main bushings will be needed,
the cost of which must be added
to the price you are to pay. The
same is true of the crank and
wrist-pin bushings. The former
can lie tested by moving the
connecting rod up and down
while the pulley is held still,
and the latter by holding the
connecting-rod with one hand
and moving the piston up and
down with the oilier.
If the motor is a ball or roller
bearing form and the bearings
are worn, remember that these
cost money, in fact, several
times as much as plain bearings. Better let some one else
buy them unless you are getting the machine cheap enough
to warrant your assuming the
cost of repairs.

First, however, be sure that you
can obtain new rings for that
particular make of model, as it
is an expensive job to have them Next to motor repairs the tires
especially made.
are probably the most expensive parts to renew. These are
While you have the cylinder off,
often overlooked in buying a
glance at the bearings. Run off
the belt or remove the chain and second-hand mount, because
they can be obtained anytry to move the pulley or engine
610

where, but it should be remembered that they cost a great
deal. A flat tire means a puncture or rotten tube, although
the owner may tell you that he
just let it down “to keep it from
stretching.”
Chains or belts are also large
items and their condition
should be noted. Do not forget
to examine the sprockets, as, if
they are worn, it will be useless
to replace the chains unless
they are replaced also.
Damaged pedaling gear, broken brake, dented tanks or
rims, run-down batteries, bent
spokes, and broken mud-guard
stays or control levers are of
less importance, as they are
easily repaired, but they
should all be looked for and
taken into consideration.
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TO ASSEMBLE AND ATTACH THE HARLEY-DAVIDSON SIDECAR AND PARCELCAR.
Use the Proper Sprocket
Combination.
If a machine is used with a sidecar, see that it is geared for sidecar service. The standard gear for
solo riding is not satisfactory
since for sidecar service the motor
is naturally called on for more
power, and with standard gear,
will labor, overheat, lose power
and wear prematurely.
Use a 4.91 to 1 gear ratio for
sidecar service. For very hilly
country a lower gear, obtainable
with a smaller motor sprocket,
can be used to advantage.

Fig 347 Harley-Davidson Sidecars
Lower Outfit is a 2-Passenger Unit
612
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To Assemble the Axle and
Wheel
Remove the lock pin from the
sidecar axle and release the axle
tube clamp bolt. Lubricate the
axle with graphite or grease
before fitting, to keep it free and
allow easy changing of tread
when desired.
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time. Do not set the cone up tight
enough to bind, or the bearing
surface will be injured. Fit the
lock washer, nut, and cotter pin,
and again try the hub adjustment. Remember that the bearings should not be cramped, then
screw on the hub cap.

To Assemble Mud Guard
and Braces
Fasten the inner mud guard
brace to the inner shoulder of
the axle flange by means of the
provided bolt, nuts, and lock
washers.
Place one lock washer under the
bolt head, insert the bolt, fit the
clamp nut, lock washer, and
lock nut. The outer mud guard
brace is held to the axle by a
lock washer and nut.

Insert the axle in the tube and
turn it until the lock pin holes
line up when the mud guard clip
is upward. Insert the lock pin
and fasten it on the under side
by means of the spring, washer,
and cotter pin. Tighten the axle
tube clamp bolt nut. Do not try
to move the axle after removing
the lock pin without loosening
the clamp bolt.

The forward part of the mud
guard is securely held on the
support rod by a lock washer
and nut. Connect the brace,
which is attached to the axle
tube of the sidecar frame, to the
inner rear mud guard brace,
passing it over the lower part of
the spring.

See that the hub is packed with
good cup grease and assemble
the wheel on the axle. Adjust
the cone carefully to the point
where the wheel has no appreciable shake. The wheel will not
run absolutely free at the outset
because of the felt washers
provided as oil retainers. These
washers will wear in in a short

Adjust the support rod so that
the wheel is in the center of the
mud guard, and tighten the
support rod to the inside of the
frame by means of a set screw
and lock nut.
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Instructions for Lubricating
and Assembling Ball and
Socket Joints
The front and rear sidecar connections are ball and socket
joints and should be packed
with graphite grease or cup
grease before assembling. The
joints are flexible and give to the
thrusts of the motorcycle and of
the sidecar, therefore must be
lubricated. Both the clamp nuts
and the lock nuts have tapered
shoulders which clamp the
threads when the lock nuts are
tightened. The clamp nuts are
also split., allowing contraction.
Place a little oil on the lock nut
threads, enabling drawing up
the lock nuts securely on the
taper shoulders and locking the
split end of the clamp nuts. The
lock nuts will not take as firm a
hold if assembled dry.
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If the ball studs
are assembled
dry or are not
lubricated regularly, they will
rust in place,
become rigid and
lose their usefulness as flexible
joints.
When in a rigid
condition, an
uncalled for
strain will be
placed on the
studs, connections and motorcycle frame that
may result in
breakage. The
ball joint construction is
clearly shown in
Fig. 348.

Do not draw the clamp nuts up tight on the ball studs, for the
connections must be flexible enough to give easily under the
Care should be taken to see that
weight of the sidecar. The lock nuts are, of course, to be drawn as
no oil gets on the inside clamp
tight as possible.
nut threads or on the threads of
A good way is to back the clamp nuts off one-half turn after having
the sockets because oil will
permit the clamp nuts to loosen. drawn them way up, and then to tighten the lock nuts securely
and test the adjustment by shaking the motorcycle sideways.
614
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To Attach Sidecar to
Motorcycle
Remove the eye bolt from the
frame brace and fit it in place of
the seat post pinch bolt. The eye
bolt should be a tight fit in the
frame.
Remove the front clamp connections and the rear bracket connection from the sidecar frame.
Temporarily fasten the front
clamp to the loop of the frame
about one-half inch above the
engine lug with the four lock
washers and nuts.
Remove the nuts, lock washers
and plain washers from the rear
axle clip studs.
Discard the plain washers. Fit
the rear frame bracket with the
short offset to the top, and draw
up the nuts securely.
This is important because if the
machine is used with this
bracket loose, the threads on
the frame studs will be damaged.
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Lubricate both front and rear
ball and socket joints with thick
EUP grease. Support the sidecar
along side of the motorcycle
with boxes or blocks. Attach the
front end of the sidecar frame to
the frame clamp. Then make the
rear connection.
Connect the frame brace clevis
to the eye bolt. Securely draw
up the four front clamp nuts.
The lower connection and clevis
should be so adjusted that the
motorcycle leans slightly away
from the sidecar, depending on
the average sidecar load.
A sidecar that carries a heavy
load will exert more pull on the
motorcycle than one that carries
a light load. Consequently, the
frame brace connection must be
backed off the frame brace, or
screwed on further until the
correct adjustment is obtained.
Draw up all the ball joint clamp
nuts reasonably tight and tighten the lock nuts as explained
previously. To enable lining up
the sidecar properly, the motorcycle frame and forks must be
in line.
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When a sidecar is properly lined
up, the machine will travel in a
straight course for one hundred
feet, or more, without guidance.
Make this test at medium speed
and on a level road.
When attaching or disconnecting the sidecar, be careful not to
let. the whole weight rest on one
clamp nut, and under no condition remove the lock nut from
the clamp nut because the
weight of the sidecar can easily
break off a piece of the milled
clamp nut.
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To Detach the Sidecar

General Instructions

The Indian Sidecar

When disconnecting, remove the
frame brace clevis bolt, loosen the
lock nuts of the front and rear ball
joint connections, support the
sidecar in some convenient way.
and then remove the front and rear
clamp nuts, taking care not to
damage the threads. All nuts have
tight threads.

Wrench GKS53 fits the ball
,joint nuts and lock nuts. This
wrench also fits the 1915 to
1920 inlet manifold nuts and
nipples.

The Indian sidecar, which is
shown in Fig. 349A and 349B,
should be lined up with the
motorcycle so that the sidecar
wheel is parallel to the rear
wheel of the motorcycle and
both wheels are vertical.

To Attach the Brake Lock
The brake lock furnished with
the sidecar is fitted as follows:
Remove the front nut clamping.
the right sidecar to the footboard support rod. Fit the brake
lock with the ratchet facing the
driver. Replace the lock washer
and clamp nut

Go over the connections from
time to time. Do not allow themto get dry and keep them properly tightened. This attention
will mean perfect sidecar service, easy handling of the machine, comfortable riding and
absence of strain on the motorcycle frame.
The sidecar wheel should be
tested for end play once a week.
If any shake is noticeable, the
bearings should be adjusted by
drawing up the cone until the
end play has been eliminated.
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If the sidecar leans away from
the motorcycle, the tires will be
worn on the side of the tread
and their life materially shortened.
If the side car leans in toward
the motorcycle, the tires will be
worn on the side of the tread
instead of on the center and
steering will be interfered with.
Misalignment of the sidecar may
result in bent connections, in
addition to causing rapid wear
on the tires.
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Attaching and Lining Up
Have the motorcycle perpendicular. Insert the studs in the
sidecar lugs (in steering head
forging, seat post cluster and
above three-speed bracket).
Put in the studs from right to
left and put the nuts on the left
side. Turn the studs so that
their joints will be in line. Be
sure to tighten the nuts.
See that the clamp on the short
connection (the one which
clamps the double tube at the
left side of the sidecar frame) is
loose. Put the front connection
on the stud; then put the short
connection in place and tighten
the clamp nut with the fingers.
Tighten the nuts on the front
and short connections at the
studs. Bring the sidecar wheel
vertical and with its track approximately parallel to that of
the rear wheel.
Prevent the wheel from moving
out of this position; then put on
the rear long connection (from the
lug under the scat post cluster to
the sidecar rear frame tube).
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Set up the nuts and clamps. Put on
the long front connection and set
up its nuts and clamps. Go over all
nuts and see that they are tight
before using the sidecar outfit.

Driving Pointers
In taking a right hand turn with
a sidecar combination approach
the turn at reduced speed, and
with the clutch disengaged. At
the turn, move the bars to the
left and let in the clutch. The
outfit will pivot on the sidecar
wheel and will go off smoothly in
the new direction when the
throttle is opened.
To make a left turn, approach at
reduced speed with the clutch
disengaged. Keeping the clutch
disengaged, move the bars to
the right and when the turn
has been completed, engage
the clutch and proceed.
If these directions are not complied with the sidecar will tend
to rise off the ground when
making a right hand turn and
will tend to skid to the right in
making a left hand turn.
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Neither of these are good for
tires or frame.
Don’t do monkey stunts with a
sidecar, such as riding with the
car in the air. The sidecar is
meant to ride with the wheel on
the road. Lifting it puts an enormous strain on the tires and on
the frame for which they were
never intended.
Don’t forget to use the hand oil
pump when driving with a passenger aboard the sidecar.
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GEAR RATIOS FOR TYPES N-20 and NE-20.
Motor
Sprocket

15
15
16
16
17
17

Ctrshaft

Clutch

Ratio

Ratio

Sprocket Sprocket Sprocket High

Inter.

Low

21
21
21
21
21
21

6.80
7.43
6.50
7.15
5.99
6.55

10.60
11.69
10.07
11.23
9.45
10.47

38
38
38
38
38
38

Rr Wheel Ratio

36
40
36
40
36
40

4.34
4.73
4.08
4.55
3.82
4.24
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11. Overhauling the Engine

CHAPTER XI. Instructions For
Overhauling Engine.
Removing the Motor from the Frame-

Flywheel Washers-

To Support the Motor While Making Repairs-

Connecting Rod Piston Pin Bearing-

Tools Required for Motor Overhauling-

Sprocket, Shaft, Bearing, Bushing and Rollers-

Stripping the Motor -

To Line Up Left Crank Case-

Removing the Pistons-

To Line Up Right Crank Case-

Stripping the Crank Case-

Connecting Rod Crank Pin Bearing
To Assemble and Fit Crank Pin Bearing-

Removing Cylinder FittingsStripping the Flywheels-

Assembling the Flywheels-

Removing the Connecting Rods-

To True Flywheels-

Washing and Cleaning the Parts-

Assembling the Motor-

Inspection and Repair of Motor Parts -

To Fit Pistons to Connecting Rods-

Cylinder Dimensions-

To Center Pistons-

Piston Dimensions-

To Round Pistons-

To Fit a Cylinder with a Piston-

To Square Pistons-

Inspecting and Fitting Piston Rings-

To Fit the Cylinders-

Inspecting and Repairing Exhaust Valve Seats-

To Fit the Gears and Time the Motor-

To Inspect and Repair Inlet Valves-

When New Gears have Been fitted

Fitting Inlet Housings into Cylinders-

To the Magneto or Generator-

To Inspect, Adjust or Replace Secondary and
Roller Arm Studs-

To Place Motor in FrameTo Test the Motor

To Inspect and Repair Roller ArmsInspecting Gears-

Index

Pinion Gear Shaft and Gear Side Crank Case
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Fig 350 - The HarleyDavidson Motorcycle
Engine
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11. Overhauling the Engine

Wherever reference is made to a
wrench or tool, that piece of
The instructions and recommen- equipment has been found most
dations offered in this chapter
practical for the job by expert
are based on Harley-Davidson
factory workmen and can be
factory standards, and are preused advantageously by the
sented in such a way that they
repairman.
can easily be adopted and apWhile the instructions which
plied by any competent repair
man. The material is reproduced follow consider the HarleyDavidson motor specifically,
by special permission and is
much of the matter can be contaken from the Motor Repair
sidered as applying to any high
Manual of the Harley-Davidson
grade motorcycle engine.
Motor Co., Milwaukee, Wis.

Overhauling the Engine

The motor is divided into assemblies and parts. The instructions
follow the operations of overhauling in natural order, beginning with the removal of the
motor from the frame; then
taking it apart, inspecting the
parts for wear, making repairs
and renewals when necessary,
reassembling and testing.
This text should be preserved
and kept handy in every motorcycle repair shop as an authoritative guide to doing first elass
repair work. Dependable and
efficient repair work is impossible without the right equipment
and tools.

The appearance of the HarleyDavidson motor when removed
from the frame is given at Fig.
350. The sectional drawing at
Fig. 351 shows all the important
parts clearly.
When the engine is partly dismantled it looks like Fig. 352,
which has the carburetor and
piping removed and the crankcase and cam case cover lifted
from the motor base.
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Fig 351 - The
Harley-Davidson
Motorcycle Engine
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Removing the Motor from
the Frame

2. Disconnect the following
from the left side of the machine:

1. If the machine is equipped
with a front stand disconnect
the front stand only from the
right side bar, after removing
the cotter pin and washer.

Remove the cotter pin in the
stud which is on the clutch
hand lever, and remove the
foot clutch lever rod.

With “S” wrench AK-435 take
off the two nuts on the support rods which clamp the
right sidebar. Remove the
right footboard assembly with
sidebar complete. This assembly should not be detached
from the brake rod.
Lay it under the machine
until the motor is removed,
and then again place it on
the support rods temporarily
to be out of the way. Remove
both spark plugs. Shut off
both gasoline cocks, and with
“S” (open end) wrench CK803 disconnect the right
gasoline pipe clamp nut.

Remove the two huts on the
footboard support rods with
wrench AK-435 and take off
the left footboard assembly
complete with sidebar and
front stand.
Remove the two 8x32 screws
with lock washers clamping the
front and rear chain-guards
together. With socket wrench
AK-430, remove the nut clamping the rear end of the front
chainguard to the frame clamp,
and the two nuts clamping the
front end of the guard to the
crankcase.

3. Disconnect the front chain
connecting link and chain.
Remove the nut clamping the
This is all that should be disball stud to the gear shifter
connected from the right side at
lever, and the nut clamping
this time, and is reached while
the gear shifter lever to the
the repairman is at that side of
tank bracket with “S” wrench
the machine.
CK-804.
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Withdraw the lever through
the gear shifter gate. Remove
the cotter pin fastening the
magneto control rod to the
three way bell crank, and
remove the rod.
Disconnect and remove the
gasoline pipe from the left
tank and carburetor. With
“S” wrench CK-803 disconnect the drive case oil pipe
from the tank, and with the
brass hexagon cap EO-747
furnished with each machine
close up the oil tank to stop
the oil flow.
Withdraw the long spark plug
cable from the three loops under the tank. With “S” wrench
CK-804 remove the nut on top
of the carburetor and take off
the throttle lever. With “S”
wrench CK-435 remove both
cylinder plug nuts.
4. The remaining parts accessible from the right side
should be disconnected as
follows: Remove the front
exhaust pipe nut with wrench
DK-810. If the nut is found to
be very tight, soak it with
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kerosene. If the pipe sticks in
the muffler connection, twist
the pipe and withdraw. With
socket wrench AK-430 remove
the nut clamping the relief
lever, and pry the lever from
the stud.

7. With socket wrench AK-432
remove the four casing (crankcase) clamp bolt nuts. If the
bolts have a tendeney to turn
while removing the nuts, hold
them with socket wrench CK801. Knock out the engine
clamp bolts. Hold the motor in
5. Loosen the rear exhaust pipe
”
place while driving out the
clamp nut and with “S wrench
bolts so that it cannot fall out
CK-804 remove the clamp nuts,
and be damaged. From the left
lock washers and lock plates
side of the machine take hold
from the muffler stud. With the
of the front and rear cylinders,
rawhide mallet EK-327 strike
lift the bottom part of the
the muffler downward, and
motor outward, drop it slightly
after it is lower than the supand at the same time tip it
porting brackets, strike it backforward so as to disengage the
ward while holding the rear
front cylinder plug from the
exhaust pipe. This will remove
front cylinder clamp.
the exhaust pipe from the muffler connection. If care is taken
Allow the gear bracket boss of
to strike only the muffler ends,
the crank case to rest on the
there will be no danger of damloop of the frame.
aging the muffler.
Remove the bell crank bracket
6. Wind the spark plug cables
around the inlet push rods to
have them out of the way and
save them from possible injury
when removing the motor.
Remove the cylinder plug nuts
with “S” wrench CK-425; then
remove the front cylinder plug
washer.

with the intermediate control
rod assembly from the rear
cylinder plug, and put it out of
the way by passing it along
the inside of the clutch hand
lever, and hanging it on the
rear fork or some other part of
the machine.
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Lift the motor out of the
frame. Replace the right side
footboard assembly on the
support rods.
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Fig 352 HarleyDavidson
Motor
Partially
Dismantled
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To Support the Motor
While Making Repairs
1. Support the motor properly
while stripping or assembling
it, to avoid breaking cylinder
ribs or damaging any nuts as
would happen with a loosely
held motor.
Fasten a strip of wood (about
one inch thick, four inches
wide, and eight inches long) to
the bench with one bolt close
to the vise. This strip is to be
used as a rest for the motor
when the front crank case lug
is clamped in the vise jaws.
Only one bolt is recommended
to hold the strip so that the
latter can then readily be
swung aside when not in use,
allowing other work t.o be
done in the vise without interference.

11. Overhauling the Engine
3. Lay out the tools necessary
for motor work and secure a
tight box to receive the parts.
In loosening tight nuts and
tightening loose nuts, be careful not to break oil the crank
case lug. All nuts fitting studs
in a horizontal position should
be tightened or loosened by
pulling the wrench in line with
the vise jaws. When turning
the inlet manifold packing
nuts or nipples, always brace
the motor with the other
hand.
4. Whenever clamping motor
parts in a vise, use copper
jaws FX-790 to protect the
parts from damage.

2. To hold the crank case while
removing the casing studs,
make a box of 1 inch lumber
about 8 inches square and 4
inches deep. Pad the open end
with cloth to prevent scratching
the enamel of the crank case.
628
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TOOLS REQUIRED FOR MOTOR OVERHAULING * (Where Wrench Will Fit)
Part No.

OPEN END WRENCHES

CK803

Gasoline pipe nuts, drive case oil pipe nuts, Bosch, Dixie, and model 250'generator shaft
nuts, cylinder stud nuts.

AF435

Side bar clamp nuts, inlet pushrod spring covers, relief pipe nut.

CK804

Shifter lever stud nuts, throttle shaft nut, muffler stud nuts, priming cocks.

CK866

Relief pipe connection.

CK435

Cylinder plug nuts.

CK65

1918 lower exhaust valve spring covers.

CK65

Earlier than 1918 lower exhaust valve spring covers.

Part No.

SOCKET WRENCHES

AK430

Front chain guard nuts, relief lever stud nut, gear stud plate screws.

AK432

Casing clamp bolt nuts.

CK801

Casing clamp bolts.

Part No.

SPECIAL WRENCIIES

DK810

Exhaust pipe nuts and nipples, head cone lock nut.

GK853

Later than 1914 manifold nuts and nipples, sidecar nuts.

GK854

Crank pin nuts.

FX748

10" monkey wrench., to straighten connecting rods.

GK865

Closed (socket) cylinder plug wrench.

GK861

Open end cylinder plug wrench.

AK59

Sprocket nut, gear shaft nut, and sprocket, shaft nut. Magneto wrench, or generator
wrench, depending on type;magneto used or model machine.

These tools are listed in the Harley-Davidson accessory Catalog. Copy will be furnished upon request to Service Department. Harley-Davidson Motor Co., Milwaukee. Wis. The various special tools
null fixtures that. will be found useful are shown at Fig. 353, over.
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Part No.

SPECIAL TOOLS AND FIXTURES

FK824

Cylinder exhaust sent and guide reamer.

GK864

Inlet housing (seater) lapping tool.

GK862

Crankcase lining bar and bushing.

FK828

Connecting rod lower bushing lapping arbor.

GK850

Flywheel truing device.

GK855

Piston squaring plate.

GK859

Pinion gear puller.

EK332

Sprocket puller.

FK831

Magneto gear puller.

EK335

39/64" expansion reamer for piston pin bushing and piston.

EK336

15/16" expansion reamer for gear side bushing.

FK799

Piston pin removing tool.

EK328

Copper hammer for flywheel truing.

EK325

Yankee screw driver, drive case screws and cover screws.

EK330

Feeler gauge to use when adjusting tappets, spark plug point, breaker points, etc.

EK329

6" scale to measure piston positions, etc.

FX790

Copper jaws for vise.

EK326

6" screw driver.
3-1/2" “C” clamp.
3" x 4" outside micrometer.
3"x 4" inside micrometer.

GK833

Model 235 generator cam puller and drive gear puller.

FK832

Pinion lock screw and oiler wrench.
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Stripping the Motor
1. With wrench GK-853 loosen
both manifold packing nuts,
screw both nipples out of the
cylinders, and remove the
manifold and carburetor assembly. Remove both inlet
push rod spring covers from
the inlet lifter pin bushings
with “S” wrench AK-435.
Press down on the inlet lever
so that the inlet valve opens,
raise the spring cover, and
remove the push rod which is
also held to the lifter pin with
a shallow ball and socket
joint. Disconnect the drive
case oil pipe. Remove both
inlet lifter pins.
With a Yankee screw driver
BK-325 remove the drive case
cover screws, and with the
screwdriver EK-326 pry off the
cover which may be sticking
lightly on the gear studs.
Place the screw driver over the
relief lever stud and hook it
under the edge of the cover.
Be careful not to damage or
mar the perfect fit between the
cover and drive case during

11. Overhauling the Engine
this operation, or an oil leak
may develop.
2. With “S” wrench CK-803
remove the nut clamping the
magneto drive gear. With magneto gear puller FK-831 remove the gear from the taper
magneto shaft or tap the outside rim of the gear with brass
hammer EK-331.
Remove both the intermediate
and intermediate worm gears,
after removing the stud rings.
With the Yankee screw driver
remove the six screws clamping the drive case to the
crankcase. The drive case may
be found to stick slightly, but
no trouble or damage will
result while prying it oil, if the
tool is put between the front
inlet lifter pin bushing and the
exhaust lifter pin bushing.
Now remove the following:
Sec-ondary gear, inlet and
exhaust lifter arms, relief lever
stud, lifter cam, and the crank
case relief valve with gear.
Remove the three studs and
lock washers clamping the
magneto to the bracket of the
633

crank case with “S” wrench CK803, and take off the magneto.
3. Remove the left hand pinion
lock screw with wrench FK-832,
and with pinion puller GK-859
pull the pinion from the shaft.
Be careful not to lose the key.
With 1917 and earlier motors
use wrench CK-65, and with
1918 motors use wrench GK-65
to un-screw both exhaust valve
spring covers. With “S” wrench
AK-435 disconnect the relief
pipe nut and with “S” wrench
GK-866 re-move the nipple.
With special wrench AK-59
remove the sprocket clamp nut.
This nut is drawn up firmly and
it may be neces-sary to use a
hammer on the wrench before
the nut can be turned. With
sprocket puller EK-332 remove
the motor sprocket. If the
sprocket is wedged tight on the
shalt, strike the screw handle
squarely in the center with a
hammer after the puller screw
has been drawn up tight.
With wrench CK-803 remove all
cylinder clamp nuts and take
off the cylinders.
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Removing the Pistons.
4. If the pistons are to be removed for renewal or for repairs to the rod, they should
be taken from the connecting
rods immediately after the
cylinders have been re-moved.
For repairs to the motor other
than these, do not remove the
pistons. With a screw driver
straighten the split end of the
piston pin lock pin. Drive the
lock pin from the piston and
pin with a small drift and
hammer. Scrap the lock pin.
Never use it a second time.
Place the piston pin removing
tool PK-799 over the piston so
that* the end of the screw fits
against, and is in line with,
the piston pin. Turn the
handle and the piston pin is
easily pressed out. See illustration Fig. 356 for method of
using this tool.
5. Often punches or undersize
piston pins are used to drive
piston pins from pistons. This
practice while answering the
pur-pose will generally bend
or twist the connecting rods

slightly, and also put the piston badly out of round. Very
often the piston pin bushing
is burred and damaged during
this operation, requiring
rereaming of the bushing and
piston and the fitting of an
oversize piston pin to obtain a
good fit again. Tool FK-799 is
therefore recommended.
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6. If the pistons are to be used
again, be very careful that
they are not mixed, that is, do
not place the piston which
was in the rear cylinder on the
front connecting rod. The
piston which is stamped with
letter “F,” should be placed on
the front rod.
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Cylinders vary slightly; that.
is, the diameters of the hole of
the front and rear cylinders
may not be alike; this also
holds true of the pistons; the
outside diameters vary, and to
obtain the right clearance
between the cylinder and
piston each cylinder and piston are measured carefully at
the factory. Therefore, if the
pistons were accidentally reversed when overhauling the
motor, there would be no fit.
7. Remove the exhaust lifter pins.
Drain the oil from the crankcase by removing the base of
the motor from the vise and
turning it bottom end up.

Stripping the Crankcase
8. Lay the crankcase with the
sprocket side on the box, and
with wrench CK-35 remove
the casing stud nuts from the
end of the studs facing upward. The short studs can
readily be removed, while the
three long studs are light
press fits and can easily be
removed with a drift made out

11. Overhauling the Engine
of an old inlet, push rod. After
all the casing studs are removed, strike the supporting
lugs lightly, while pulling the
gear side crankcase upward
with the other hand, to take
the two halves apart.
Never put a wedge between
the casings to pry them apart,
because this will damage the
good machined fit and cause
an oil leak.
Remove the gear or right side
crankcase, then the fly
wheels. When removing the
latter, be careful not to lose
any of the rollers.

Removing Cylinder Fittings
9. If a cylinder clamping plate
such as T2-6492 is not available, clamp the cylinder securely in the vise, by laying it
on its side with the valves
upward.
Clamp the horizontal ribs
firmly. There is no danger of
breaking any ribs if the top
horizontal rib is not clamped
in the vise jaws.
636

l0. Remove the inlet housing set
screw. With wrench DK.808 or
FK-822 remove the inlet housing clamp nut and take out the
inlet housing cap assembly.
If the inlet housing cannot be
removed easily, it can be
forced out of the cylinder by
means of the exhaust valve by
striking the stem of the valve
squarely after the exhaust
valve key has been removed.
11. To remove the exhaust valve
key, put a wedge through the
spark plug hole to hold the
exhaust valve on its seat; then
with a screw driver or some
other suitable tool compress
the exhaust valve spring and
withdraw the key. Remove the
collar, spring and cover.
12. With special wrench GK-861
or GK-865 remove the cylinder
plug. If the plug fits very tight,
use a hammer on the wrench.
With wrench CK-804 remove
the priming cock, and with
wrench DK-810 remove the
exhaust pipe nipple.
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Stripping the Fly Wheels

Removing Connecting Rods

13. Clamp the sprocket shaft of
the fly wheels in the vise.
Remove the lock washer screw
and the lock washer from the
crank pin nut; then with special wrench GK-854 remove
the crank pin nut.

14. With the top fly wheel removed,
the connecting rods can be
slipped over the rollers and retainers, but care should be taken
not to drop or lose any of the
rollers.

If the nut is very tight and the
fly wheels have a tendency to
turn, hold them by placing a
wedge of some kind, such as a
large wrench, between the
spokes of the fly wheels and
the vise jaws.

To safeguard against this, place
the lower half of an exhaust valve
spring cover over the crank pin
before trying to remove the rods.
Bear down on the exhaust valve
spring cover and at the same

time slip the connecting rods over
the rollers.
If the roller bearing is not worn
badly, the rods will not slip over
the rollers easily. In that case, do
not hesitate to use a pry of some
kind to force them off.
Never use a hammer for this
operation. The appearance of the
pistons and connecting rods
removed from the stripped fly
wheel assembly is shown at Fig.
357.

With copper hammer EK-328
sharply strike the outside rim
of the upper fly wheel sideways, while the fly wheels are
still clamped in the vise, and
at the same time brace the
lower wheel with the other
hand.
Always use this hammer for
fly wheel work, and avoid
striking the fly wheels between the spokes as much as
possible because this may
crack them.

Fig.357.—Pistons, Connecting Rods and Flywheels
of Harley Davidson Motor.
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Washing and Cleaning Parts
l. Having stripped the motor as
far as is necessary for inspect
ion, all parts should be
washed and cleaned carefully
preparatory for accurate
checking up.

11. Overhauling the Engine
3. One of the cans should be
used for the first washing,
which should remove all dirt.
After the gasoline has been
allowed to drip off, the parts
should be rinsed in the other
(clean) can of gasoline.
This practice will permit using
the gasoline in the rinsing can
for an indefinite period, while
the gasoline in the washing
can can be strained through
cheesecloth and be used over
again after it gets too dirty.

2. Gasoline cannot be equalled for
cleaning, because the parts will
be cleaned thoroughly and the
gasoline will evaporate quickly.
With the present need of
economy it would be waste
fresh supply of gasoline for
4. Do not use waste or rags to
each job. Therefore, two gasowash the parts, because they
line wash cans, as illustrated in
fill the gasoline with fuzz. Use a
Fig.358, each of about five
brush which is about two
gallon capacity and with tight
inches wide and wash all parts
fitting covers are recommended.
thoroughly. After drying, the
Put four or five gallons of
parts are ready for inspection.
gasoline into each can so as to
have a suffi-cient quantity to
5. Carefully scrape all shellac
wash the largest parts of the
from the step joints of the
machine. Drop the cover when
crank eases and drive case.
not using the gasoline and
Be sure to remove all the shelthereby avoid unnecessary
lac, but be careful that the
evaporation and danger of fire.
scraper does not dig into and
cut away the aluminum, or an
638

oil leak is very apt to develop.
If the paper gasket which is
shellacked to the drive case
cover is not torn, do not remove it.
6. Before washing the cylinders,
scrape all carbon from the
cylinder head, valve chamber
and exhaust port. The carbon
which has accumulated on top
of the piston head, under the
head, and in the ring grooves
should also be removed if the
pistons appear to be in good
condition.
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Fig 358 - Wash Rack for Motor Parts
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Inspection and Repair of
Motor Parts
l. A thorough inspection of all
parts is an essential part offirst
class repair work. Any part
requiring repairs should be
taken care of as it is inspected.
These subjects are thoroughly
covered in the proper sequence
in this chapter.

Cylinder Bore Dimensions

11. Overhauling the Engine
with calipers or gauges, because
the cylinders always wear taper,
that is, get larger at the upper
end of the cylinder than at the
lower. Measure the cylinders at
about four different places along
the length of the bore, and also
try them for roundness. Make
note of the different sizes.
These sizes will be referred to
after measuring the diameter of
the piston to determine the piston and cylinder clearance.

4. If the cylinder is scored (cut),
2. A cylinder in good condition is
measure the depth of the scores
perfectly smooth with possibly a
with a micrometer. If the scores
few grinder marks visible. The
are not more than 0.002 inch
bore of the cylinder tapers 0.003
deep, the cylinder can be placed
inch. The diameter of the bore
in fair shape again by lapping.
decreases gradually toward the
This, of course, should only be
upper end. The small diameter of
done if the cylinder is not worn.
the bore of a new cylinder will be
found to be between 3.307 inches
A cylinder which is scored more
and 3.308 inches. This measurethan this should be re-ground.
ment can be taken about 1/4
Unworn cylinders of standard
diameter (3.307 inches) which
inch from the upper end of the
are scored more than 0.060 inch
bore in the cylinder.
should be scrapped, as well as
3. If the cylinders appear O. K., that
cylinders which have been
is, not scored or grooved, meareground repeatedly until they
sure them for wear with mihave a bore diameter of 3.380
crometers, as shown at Fig. 359.
inches.
The wear cannot be measured
640

Piston Dimensions
l. Pistons are ground straight
only from the bottom (bell end
of the piston), to and including
the shoulder between the
buttom and center ring
grooves. Between the center
and upper ring grooves the
diameter of the piston is relieved 0.0015 inch.
Above the upper ring groove
the diameter of the piston is
0.008 inch smaller than at the
extreme bottom. Between the
lower bearing of the piston the
shoulder between the two
lower ring grooves, the piston
is relieved 0.028 inch.
The piston pin bosses are
reamed to 0.609 inch and the
piston pin diameter being
0.610 inch gives the piston
pin a 0.001 inch press fit. The
large diameter of the piston
(which is at the lower end as
,just explained) is 3.305
inches to 3.3055 inches.
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Fit a Cylinder With a Piston
1. It is a difficult matter to state
a definite accurate clearance
for a piston on account: of the
method employed in the grinding of cylinders and pistons.

11. Overhauling the Engine
from different positions. If the
piston is out of round, round
it up by striking the high spots
with a hammer handle or a
piece of wood. Sometimes a 31/2 inch or a 4 inch “C’’ clamp
will have to be used to press
the piston before it can be
trued up accurately.

5. At the factory the fit is made
with a difference in size, or
piston clearance as it will be
termed hereafter, of 0.00175
inch to 0.00225 inch.
After selecting a piston and
fitting piston rings, the cylinder and piston are clamped in
a lapping machine and lapped
for twenty minutes with a
number 00 quartz sand and
oil mixture.

Shop practice is to refer to a
0.003 inch loose piston fit: if
the small (upper) pore diam3. Compare the large diameter
eter of a cylinder is 0.003 inch
of the piston with the diameter
larger than the large diameter
of the upper end of the cylinof a piston, which is at the bell
der bore. If the piston is more
This lapping operation is genor skirt end.
than 0.010 inch smaller than
erally not applied in a repair
This rule or method of referthe upper end of the bore, or if
shop, and a clearance of 0.003
ring to piston clearance, althe cylinder is worn so that
inch is therefore recomthough not, accurate in actual
the diameter of the upper end
mended.
measurements, can safely be
of the bore is larger than the
6. Cylinders should be reground
followed, and is therefore reclower end, the cylinder should
at the factory of the Harleyommended.
be reground and refitted with
Davidson Motor Co. The price
the necessary oversize piston.
2. If the motor has been
is very reasonable considering
stripped only for inspection,
4. If a cylinder has been
the quality of the work.
removal of carbon, and grindreground, it will have to be
Because of the need of absoing of valves, measure the
fitted with an oversize piston
lute accuracy, which can only
diameter of the piston at the
to obtain the proper clearance.
be attained with special malower end with micrometers.
Oversize pistons are furnished
chinery, a factory job is recNo attention should be paid to
by the Harley-Davidson Motor
ommended.
the other dimensions unless
Co. in any size, or if the shop
the piston is scored. Always
includes a grinder, the turned
measure the piston about 1/2
pistons can be carried in stock
inch from the bottom, and be
and can be ground to size as
sure to take measurements
needed.
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Inspecting and Fitting
Piston Rings
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into its cylinder. The gap
should be no more than 0.050
inch. If the gap is more than
this, fit an oversize ring.

1. Inspect the piston rings carefully. The upper and center
The diameter of a standard
ring should show an unbroken
ring is 3.309 inches. However,
bearing surface over the entire
oversize rings are made to
circumference of the face of
0.090 inch oversize, each size
the ring. If there are any dull
varying 0.005 inch.
spots across the face of the
ring, if the ring is burned or if 3. When fitting an oversize ring,
select one that, will have a gap
it is scored, it should be reof 0.015 inch to 0.025 inch
placed.
when the ring is placed
A ring which fits loosely sidesquarely into its cylinder withways in the groove of a piston
out it being necessary to file
should be removed and meathe slot. If only slight filing. is
sured for width. If the ring is
necessary, be sure to file both
not 0 .2175 inch wide, it
ends of the ring equally and
should be replaced. If the ring
squarely.
is of the right width, the pisThe gap at the ring when enton groove is worn and the
tirety compressed should be
piston should be replaced.
closed, to prove that the ends
2. In some cases cylinders,
were filed equally. If a ring of
rings and valves are O.K., yet
too large a diameter is sethe motor will have little comlected, and the slot is filed
pression. Trouble of this kind
until the ring has the proper
can generally be traced to too
gap, the ring will not bear
large a gap at the ring slot.
properly against the walls of
Measure the gap after removthe cylinder and will allow the
ing the ring from the piston
compression to leak into the
and after placing it squarely
crankcase.
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Inspecting and Repairing
Exhaust Valve Seats
1. After the bore of the cylinders
has been attended to, the
valves, valve seats, and inlet
valve assemblies are to be
inspected and repaired. Inspect the exhaust valve stem
and the guide itr the cylinder.
2. The exhaust valve stem is
0.003 inch to 0.004 inch
smaller than the guide hole. If
the stem of the exhaust valve
is worn enough to give it about
0.010 inch clearance, the
exhaust valve should be replaced with a new standard
valve. If the guide in the cylinder is worn so that a fair fit
(between 0.003 minimum and
0.010 maximum clearance)
cannot be obtained, the guide
in the cylinder should be
reamed with the 1/32 inch
oversize reamer fur-nished
with tool FK-824.
3. When reaming the guide,
never ream the large diameter
any deeper than 1-3/8 inches.
If the oversize guide reamer is
used, it will of course be nec-
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essary to fit an exhaust valve
which has a 1/32 inch oversize stem.
4. If the guide does not appear
to be worn, remove the carbon
from it with the standard size
reamer furnished with tool
FK-824. Attention is again
called to ream the large diameter of the guide just. 1-3/8
inches deep.
5. Inspect the exhaust valve
seat in the cylinder. if it is
burned, pitted, or warped it
should be remained with exhaust reamer FK-824.
Never lap or grind in a valve to
obtain a good seat, if either
valve seat or the cylinder seat
it pitted, burned, or warped,
because excessive grinding
would be required which
would make the seat considerably lower in the cylinder.
A low seat would naturally cut
down the opening and interfere with the free escape of
exhaust gases, resulting in
lack of power, loss of speed,
and overheating.
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6. After the guide has been
reamed, select the pilot which
is a good snug fit in the cylinder, and force it into the cylinder by hand as far as possible
to hold it firmly; then place
the seat reamer over the pilot.
If the reamer is allowed to
“wobble” while the seat in the
cylinder is being reamed, an
uneven and poor job will be
made. The exhaust valve must
seat squarely and firmly;
other-wise the motor will not
be flexible, and the burning
gases passing by will burn the
seat in a very short time.
7. The fact that the reamer will
not cut at the first attempt to
ream the scat, does not indicate that the reamer is dull. It
is due to the hard scale which
the heat forms on the exhaust
scats. To save the cutting
edges of the reamer, do not
attempt to force the reamer
through this scale by pressing
squarely. Instead, exert a
slight pressure on one end of
the wrench handle (being
careful not to press hard
enough to spring the pilot) ;
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then give the wrench one complete revolution, and the hard
scale should be cut through.
After the scale has been cut
through, the seat should be
trued up. This is done by
pressing lightly and squarely
on the center of the reamer,
while giving the wrench about
three or four complete turns
depending on the condition of
the seat.
8. Care should be exercised
when rereaming the seat not
to remove too much stock,
because the exhaust valve
may at no time be below the
bottom of the valve chamber.
If the seat is deep enough to
allow the valve to rest too low,
the bottom of the valve chamber should be turned down, or
the same trouble will be
ex-perienced as just explained.
Care should be taken when
reaming a cylinder seat never
to turn the reamer in the reverse direction, because this
will quickly dull it.
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9. Generally when rereaming of
the seat in the cylinder is
necessary, the exhaust valve
seat is in poor condition, and
should be cleaned or trued up
in a grinder or in a lathe.
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11. Test the valve seats to see
whether or not they scat accurately by marking the seats of
the valve and cylinder across
the faces with pencil marks
about 1/8 inch apart.

If the valve is burned so that
the taper seat will come flush
with the top of the valve, it
should be scrapped.

Place the valve in the cylinder
and with a screw driver give it
one quarter turn. Remove the
valve and inspect the marks.

10. A new or repaired valve
should be ground just as little
as possible to obtain a good
seat.

If the erasure of the marks is
alike all around the seats, the
valve is seating properly.

Excessive grinding or lapping
will ruin the straight face of
the valve and cylinder seat,
and allow only a very narrow
seat. This can be understood
if it is considered that during
the operation of grinding, the
compound is forced away
considerably more from the
center of the seats than from
the outer edges.
The greater amount of compound on the outer edges
naturally will remove more
stock and make the seats oval
instead of a straight 45° taper.

12. After the exhaust valve has
been properly fitted. inspect
the ehaust valve spring.
The spring should be 2-1/2
inches long when it is not
compressed. When the spring
is compressed to 1-15/16
inches, it should have a pressure of thirty pounds to thirtyfive pounds.
If the spring is set and does
not give the required pressure
when compressed to 1-15/16
inches, it should be shimmed
up by placing one washer 1/8
inch thick between the cylinder and spring or the spring
should he replaeed.
645

After thoroughly washing the
seats, test the exhaust valve
stem to see whether or not it
is bent, by turning it several
times. If it is straight, fit the
exhaust valve with cover,
spring, collar, and key.
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To Inspect and Repair Inlet
Valves
1. Scrape all carbon from the
inlet valve and housing. Strip
this assembly and inspect the
fit of the inlet valve stem the
inlet housing. If the clearance
between the guide and the
stem is too great, it will be
difficult, to get a good carburetor adjustment, and impossible to throttle the motor
down to a slow space.
New and repaired motors are
fitted with a 0.002 inch clearance for the inlet valve stem.
This clearance is necessary to
prevent the inlet valve stems
from stick-ing in the housing
guides when the motor gets hot.
2. If the guide of the housing is
worn so that the valve stem is
more than 0.006 inch loose,
the housing and valve should
be referred to the HarleyDavidson Motor Co. for repairs
by replacing the guide with a
steel guide or bushing.
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If a lathe is available the repair can be made as follows :
Place the housing in a lathe,
cut off the entire guide, bore a
33/64inch hole centrally
through the housing, tap this
hole with a 9/16x24 tap, and
firmly screw in the new guide.
These guides can be obtained
from the Harley-Davidson
Motor Co. at very small cost.
If the inlet valve stem is worn,
several light cuts should be
taken of and a bushing or
guide with a 1/64 inch undersize hole be used.
Standard and undersize bushings are furnished for 1916 to
1918 models inclusive. The
shortage of material makes it
necessary to repair worn inlet
housings and valves whenever
possible.
3. Pay special attention to the
condition of the seats. If the
seat in the housing is word so
that the bottom of the valve
fits be-yond the bottom of the
lower housing flange, the
flange should be turned off.
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Never turn the flange off so
that it is less than 3/16 inch
deep.
4. Grind the inlet valve into the
housing whether the housing
was repaired or new parts
selected.
5. Inspect the inlet valve spring.
A good spring is 2-1/2 inches
long when it is not compressed. When compressed to
1-17/32 inches, it should
show a pressure of twenty to
twenty-eight pounds. Thoroughly clean the housing
parts and assemble.
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Fitting Inlet Housings Into
Cylinders
1. It is as important to have the
inlet housing seat perfectly in
the cylinder as it is to have
the inlet valve seat perfectly in
the inlet housing.
Invariably the housing must be
ground into the cylinder to
obtain a tight fit, even if the
housing were only removed to
do other motor work. When
grinding a housing into a cylinder, use very little grinding
compound and grind the housing only as much as is necessary to obtain a perfect fit.
Tool GK-864 is especially
made for this grind-ing operation. Very often a good fit can
be obtained by grinding the
housing into the cylinder without using any grinding compound whatever.
2. After grinding, wash the
housing and cylinder thoroughly. Make a paste out of
plumbago (powdered graphite)
and cylinder oil. Put just a
little of this mixture on the
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shoulder of the housing which
rests on the cylinder. Put the
housing into the cylinder and
give it several turns to distribute the mixture evenly; then
line up the housing with the
set screw, and tighten the
screw.
Be sure to tighten the set
screw before tightening the
clamping nut and make sure
that the set screw does not
jam the housing out of center.
Do not use too much of this
mixture or it may drop from
the housing, bake onto the
exhaust seats when the motor
gets hot, and cause the exhaust valve to burn, pit, and
warp; also put just a little of
this mixture on the base of the
inlet housing cap and clamp
nut threads.
Fit the cap, being careful to
line it up with the dowel pill in
the housing and to line up the
inlet lever properly when a
push rod is fitted. Draw the
clamp nut down tight with
wrench DK-808 or FK-822.
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3. To have a quiet inlet valve
action, the inlet lever should
be a free running fit on the
bushing. See whether or not
the inlet levers are worn and
have a lot of up and down
play. If they are loose, remove
them and inspect the clamp
bolts, levers, and bush-ings
for wear.
Replace all worn parts. When
fitting new parts, be sure that
the bushing is a snug fit in the
clevis of the inlet cap and that
it is also a few thousandths of
an inch wider than the inlet
lever. While assembling, lubricate all parts thoroughly and
have the oil cup end of the
bolts toward the cylinder
plugs.
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To Inspect, Adjust, or
Replace Secondary and
Roller Arm Studs
1. Inspect the studs to see
whether or not they are loose
or worn. To test either stud to
see if it is loose, strike it
lightly with a small hammer.
A loose stud can be felt and
will make a dull thud when
struck. If a loose stud is
found, tighten it securely as
explained hereinafter.
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3. If the exhaust or inlet roller
arm or the secondary gear
clears its respective stud by
more than 0.0015 inch, the
studs or stud plate assembly,
secondary gear, or the roller
arm bushings should be replaced. Too much clearance at
any of these places reduces
valve lift and delays valve
action, cutting down the efficiency of the motor and also
making the motor extremely
noisy.
4. Two methods of fastening
gear studs into plates were
used during 1917. The first
and prior to 1917 method was
to hold the studs with threads
and then to rivet them, while
the other method was to make
the studs a 0.002 inch press
fit in the plate, and then to
rivet them after a 1/8 inch
dowel pin was wedged between the stud and the plate.
The dowel pin is used on the
secondary stud only.

2. If the stud is tight, inspect it
for wear. Try the secondary
gear on the secondary stud,
and both inlet and exhaust
roller arms on the roller arm
stud for shake. These parts
are assembled with just a free
running fit, the inside diameter of the roller arm bushing
or the hole diameter of the
secondary gear being 0.0005
inch larger than the diameter
of its respective stud. Secondary gear studs are ground to
1/2 inch diameter, while roller 5. The first method was used on
all motors prior to 1917 and
arm studs are ground to 7/16
all 1917 motors up to motor
inch diameter.
No. 17T-17916.
648

All twin cylinder motors assembled after this number,
including all 1918 motors, are
fitted with a stud plate assembly in which the studs are a
press fit (not threaded) in the
plates. All single cylinder motors have threaded studs.
6. To tighten the threaded
studs, turn them into the stud
plate as far as possible and
then rivet them on the
threaded end.
To turn the gear stud tighter
into the stud plate, clamp the
stud firmly in a vise (protecting the stud with sheet copper
or copper jaws), then turn the
crank case to the left.
This stud has a left thread.
Thoroughly rivet the threaded
end. To tighten a threaded
roller arm stud, turn the
crank case to the right.
This stud has a right thread.
Then rivet the threaded end.
7. If the gear stud is tight but is
found badly worn, it should be
replaced with a new one.
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8. To remove a worn gear stud, cut
off the riveted end of the stud
with a 1/2 inch drill. Clamp the
other end of the stud in a vise
and turn the crank case to the
right.
If the stud is very tight in the
plate, and constantly slips in the
vise jaws, a flat spot should be
ground on the stud with an emery wheel. Clamp this flat spot of
the stud in the vise jaws, and the
stud can be turned out of the
plate.
9. If a threaded secondary stud and
is broken off flush with the shoulder and not sufficient stock remains to clamp it in a vise, the
threaded end can easily be removed with a drill and square
punch.
Cut off the riveted end of the gear
stud with a 1/2 inch drill; then
with a 11/32inch drill, drill all
the way through the stud; drive
the square or four cornered
punch into the hole, and the stud
can in most cases be turned out
without trouble.
10. When fitting a new stud be
sure to turn it as tightly as
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possible into the stud plate
before riveting.
11. If a roller arm stud is to be
replaced, the same instructions
can be applied that are used in
removing a worn gear stud with
these exceptions: The roller arm
stud has a. right. thread, is 7/16
inch in diameter, and a 5/16
inch drill should be used when
drilling it out.
12. After a roller arm stud or
gear stud has been replaced
or lightened, always test to see
whether or not the oil passages in the stud are open. Do
this by putting a drop of oil on
the oil holes; then blow air
through the studs front the
riveted end. Bubbles will indicate open passages.
13. If one of the press fit studs
is loose, try to tighten it by
riveting. If a satisfactory job
cannot be made, the stud
plate assembly should be
replaced as explained under
next heading.
14. If a press fit stud is worn, do
not remove the stud and fit
another in its place, because
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the boss in the plate in which
the original stud was fitted is
damaged and another stud
cannot be tightened to hold
permanently with any safety.

To Remove and Fit Gear Stud Plate
Assembly
15. The stud plate, regardless of the
method used to hold the studs, is
a light press fit in the crank ease
and is held secure with five 1/4
inch clamp bolts. The clamp bolts
are turned firmly into the stud
plate from the inside of the crank
case and then riveted over into
the countersunk holes of the
plate.
16. To remove the plate, cut away
the riveted part of the clump
bolts with a 1/4 inch drill, and
with socket wrench AK-430 turn
the bolts out of the plate. The
plate can then be removed by
alternately striking the riveted
end of the studs.
17. When fitting another stud plate,
use new clamp bolts. Draw them
up tight. and rivet them carefully
into the countersunk holes of the
stud plate.
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To Inspect and Repair
Roller Arms
1. The fit of the roller arm bushings on the stud should be the
saute as explained under To
Inspect, Adjust; or Replace
Secondary and Roller Arm
Studs. The roller arm bushing
should just: be free on the
stud. This also holds true of
he ft: of the front exhaust
roller arm on the hush-ing,
the fit of the rear inlet roller
arm on the bushing, and the
fit of all four rollers on their
respective bushings.
2. If the exhaust roller arm
bushing is loose on the stud
and the stud is O.K., the
bushing is worn and should
be replaced. If the front exhaust roller arm is too loose
on the bushing, inspect the
bushing for wear. A worn
bushing should be replaced,
while if the roller arm is worn,
a front roller which is just a
free fit on the bushing, should
be fitted. The rear exhaust
roller arm is a 0.002 inch
press fit on the bushing and
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no trouble with wear should
be experienced.
3. Inspect the fit of the rear inlet
roller arm on the bushing.
This should he free without
any perceptible shake, while
the front inlet roller arm is a
0.001 inch press fit on the
bushing. If sufficient wear has
developed, replace which ever
part is worn.
4. Try the fit of the two inlet and
two exhaust rollers on their
bushings. If any play has developed, the roller should be
removed and all worn parts
replaced.
5. To remove a roller from a
roller arm, the riveted pin will
have to be driven out. Rest the
roller on a piece of pipe or
tubing which has a 5/8 inch
or a 11/16 inch hole, and the
riveted pin can be driven out
by means of a small drift and
hammer. It is not neces-sary
to cut away the riveted part of
the pin before the pin can be
removed.
6. Examine the fit of the roller on
the bushing. If the roller can be ,
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shaken, even only slightly, both
roller and bushing may be worn
and should be replaced.
When selecting another roller
and bushing, make sure that
the bushing is a few thousandths of an inch wider than
the roller, or the roller, instead
of the bushing, will be clamped
by the head of the pin when the
pin is riveted in place.
7. When assembling the roller
arms, new pins should be used.
Rest the roller arm assembly on
the pin head and rivet the pin
carefully. After riveting, grind
the riveted end off flush with
the side of the roller arm.
Test the fit of the roller. If it
sticks, even if only slightly, the
roller should be loosened up so
that it turns perfectly free. To
loosen the roller, clamp it in the
chuck of a lathe, cover the
roller with thin grinding compound, hold the roller arm
stationary, and run the lathe at
high speed until the roller loosens sufficiently to turn freely;
then wash the assembly thoroughly.
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Inspecting Gears
1. To determine whether or not
a gear is worn enough to warrant fitting a new one, put the
gear on a new stud and try it
for shake. A properly fitted
secondary gear has no appreciable shake, and is just a free
running fit. This fit requires
about 0.0005 inch clearance.
If the gear clears the stud by
0.0015 inch, it should be
scrapped.
2. The fit of the intermediate
gear and intermediate worm
gear on their respective studs
can be looser than the fit, of
the secondary gear on its
stud. If, however, the clearance of either intermediate
gear is more than 0.006 inch,
the gear, or stud, or both the
gear and the stud should be
replaced.
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binding, and the 0.004 inch
back lash should be disregarded. If only one tooth binds
slightly, the gears will howl;
for that reason the fit of every
gear tooth should be tried.
4. Only in emergencies should
the gear studs be sprung, by
striking them with a hammer
and piece of brass to bring the
teeth closer together. Gears
cannot line up and run true
on studs which stand at an
angle. The secondary gear
may also run tight on the stud
due to the stud having been
bent, while, if the intermediate
studs are struck with a hammer, the bosses in the drive
case will be damaged, allowing
the studs to work loose continually.

3. Examine the teeth of all gears
for wear. The proper clearance
or back lash of this type gear
is 0.004 inch, but to have the
gears run as quietly as possible they should be fitted as
closely as possible without
651
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Pinion Gear Shaft and
Right Crank Case (Gear
Side) Bushing
1. Inspect the fit of the gear side
bushing by placing the crank
case over the pinion gear
shaft. Very little shake will
indicate a good fit, the proper
clearance being 0.002 inch to
0.003 inch. If the shaft is over
0.005 inch loose in the bushing, the bushing, or the shaft,
or possibly both should be
replaced. Too much play at
this bearing will cause the
motor to knock and the gears
to run noisily and click, because the distance or the back
lash between the pinion and
secondary gear teeth is constantly changed.
2. Measure the diameter of the
shaft to see whether or not it
is worn. The diameter of the
pinion gear shaft is 0.9375
inch. If a shaft is worn, replace it. It can be driven out of
the fly wheel after the lock
washer and nut have been
removed.
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Before fitting. a new shalt,
make sure that the key is
placed into the shaft, that the
shaft keyway is clean, that the
key is not too high, and that
the shaft and taper hole of the
fly wheel are free from all dirt
and grit.
3. To gauge the amount of wear
of the bushing, use a new
pinion gear shaft as a size
plug. If the shaft is 0.005 inch
loose or looser, fit another
bushing. With an arbor press
or a drill press, press the worn
bushing from the crankcase.
If a press is not. convenient, a
drift and hammer can be
used. Rest the crankcase on
an old piston to avoid springing it while changing bushings. Lay the inside of the
crankcase on the open end of
the piston.
Place a piece of shafting or
pipe about, 1-1/8 inches wide
on the end of the bushing,
and the bushing can be forced
from the crankcase, as shown
at Fig. 360.
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4. To fit a new bushing, rest the
other side of the crankcase
boss on a surface plate or on a
square block of wood and
press the bushing in place. Be
sure to place the hushing into
the crankcase so that the part
where the spiral oil grooves
cross, is toward the top of the
crank case.
This is important because the
oil holes will meet both of
these grooves after they are
drilled. With a: 3/16 inch
drill, drill the two oil holes
through the bronze bushing,
using the original oil holes as
guides for the drill.
5. The pillion gear shaft bushing
is a 0.0025 inch press fit in
the crankcase, but to prevent
the bushing from turning in
the aluminum crank case,
should the bushing and shaft
seize, the bushing is doweled
to the crankcase with a 3/8
inch x 1/8 inch steel dowel
pin. For this reason lock, the
new bushing permanently in
the same manner that the
original bushing was locked.
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6. The same dowel pin that was
used with the original bushing
can be used again. Before the
pin can be fitted, the crankcase boss and the bushing
must be drilled 1/2 inch deep
with a No. 31 drill. Do not use
the original hole in the crankcase but, drill a new hole at
least 1/4 inch from the original hole. The hole should be
drilled in the center between
the crankcase and bushing in
the same way as the original
hole. However, trouble may be
experienced in keeping the
drill in the center, because the
drill will have a tendency to
work toward the aluminum.
To prevent this trouble, it is
advisable to drill a 3/64 inch
hole in the bushing first as
close to the outside edge of
the bushing as possible to
guide the larger drill. After the
dowel pin hole has been
drilled, drive the pin in as far
as it will go and pean the
opening of the dowel pin hole
to prevent the pin from dropping out.
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7. Bore or ream the bushing to
size in a lathe or with the 15/
16 inch expansion reamer EK336. If a lathe is available use
this method, because a more
accurate job can be made. Bolt
the crank ease squarely to the
face plate and bore the bushing
to 0.940 inch.

tion. The shoulder of the
bushing will also have to be
turned down until it is between 3/32 inch and 7/64
inch thick.

9. After the hole has been
turned to size, face off the end
of the bushing in which the
dowel pin has been fitted until
it is flush with the crank case.
A facing reamer or a lathe
should be used for this opera-

com-pleted, remove all sharp
edges with a scraper and thoroughly clean all grit and dirt
out of the oil grooves and oil
holes.

10. The machine may have been
in an accident, and the crank
case sprung; in that case, it is
best to lay a depth gauge or
8. When using the expansion
straight edge across the wider
reamer do not attempt to ream
face of the step joint of the
the bushing to size with one
crank case, and to turn down
operation, because the reamer
the shoulder until the space
will contract and not remove
between the lower edge of the
sufficient stock from the cendepth gauge or straight edge
ter of the bushing. The result
and the bushing is 1-3/4
will be that the shaft will run
inch. Relieve the straight edge
tight in the bushing when the
so that it will clear and not
motor is run at high speed.
rest on the face of the narrow
Therefore, be sure to cut off as
step joint, because the height
little stock as possible with
of this step varies and cannot
each adjustment of the reamer
be used as a standard.
until the shaft has 0.002 inch 11. After all machining operato 0.003 inch clearance.
tions on the bushing are
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Flywheel Washers
1. Inspect the flywheel washers
which protect the flywheels
from the crank pin roller bearing and connecting rod end
thrust. It very seldom is necessary to replace these washers, but it is advisable to do so
if they show only a little wear.
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recess, otherwise the washer
will not fit squarely. When the
washer has been properly
fitted, lock it securely by prick
punching the flywheel about
1/32 inch from the outer edge
of the recess at four equally
spaced places.

2. These washers fit snugly in
the recess of the flywheels and
are securely held in place by
pealing the edge of the flywheel at four different places
with a prick punch.
3. If a washer must be removed
to be replaced by another,
place the point of a prick
punch or the cutting edge of a
small chisel 1/32 inch to 1/16
inch from the edge of the recess, hold the tool at about a
45° angle and drive it carefully
into the flywheel.
If the washer is only slightly
and evenly worn, it can be
reversed, otherwise it must be
renewed. When fitting a
washer, be careful that no grit
or dirt remains in the flywheel
655
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Connecting Rod Piston Pin
Bearing
1. Examine the fit of the piston
put in the piston pin bushing.
This fit requires 1/16 a inch
end play with the pin nearly a
free fit in the bushing.
2. If a slight up and down play
has developed, a good fit can
be obtained again by truing
the bushing up with the 39/
64 inch expansion reamer EK335 and then fitting an oversize piston pin. These oversize
piston pills are made in sizes
varying 0.002 inch, up to
0.010 inch oversize.
When using an oversize piston
pin, be sure to ream the bushing first, so that a good bearing is again obtained. To hold
the reamer, clamp the shank
in the vise and turn the rod on
the reamer. Adjust the reamer
to take off very light cuts, or
the bushing will not be
reamed accurately.
Do not ream the bushing until
the pin is a free fit, but ream
it so that the weight of the
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piston will be just enough to
turn the pin in the bushing
when this assembly is held in
a horizontal position.
3. If an oversize pin has been
fitted to the connecting rod
bushing, it will be necessary
to reream the piston also.
To ream the piston, clamp the
reamer in the vise in the same
manner as in reaming the
bushing, and turn the piston by
hand. Always be sure to take off
only a very light cut at a time
because it is important to have
the piston pin fit with a 0.001
inch press in the piston.
4. If the piston pin bushings are to
be renewed, they can easily be
pressed out of the connecting
rods and replaced. After a new
bushing has been fitted, it will of
course be necessary to file or cut
a 1/10 inch oil groove in the top
of the bushing, slot the top of the
bushing with a hacksaw for lubrication, ream the bushing to fit
the piston pin, and trim off both
sides of the bushing to obtain
proper end play for the piston.
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Sprocket Shaft, Casing Bearing
Bushing and Rollers
1. The proper clearance for the
sprocket shaft in the roller
bearing is 0.001 inch. To measure this clearance, use a
0.001 inch oversize shaft as a
size plug.
If considerable shake has
developed, measure the diameter of the original sprocket
shaft where the rollers bear.
The diameter should be 1
inch. If the shaft is worn
0.001 inch, fit a new one.
If the shaft and bushing are
O.K. a good fit can be obtained
by fitting the proper oversize
rollers.

To Change Sprocket Shaft
2. To remove the sprocket shaft,
take off the lock washer screw,
lock washer and the clamp nut;
then with a hammer force the
shaft from the flywheel.
3. Before fitting the new shaft,
be sure that the shaft and fly-
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wheel tapers and keyways are
perfectly clean. This is important because if dirt or grit is
allowed to remain here, it will
be impos-sible to properly line
up the flywheels. Before placing the shaft into the flywheel,
fit the key into the keyway of
the shaft, making sure that
the key is not too high.
Draw the clamp nut tight, fit
the lock washer and washer
lock screw. If the hole in the
lock washer does not line up
with the threaded hole in the
flywheel, do not loosen the
flywheel shaft nut to line up
the holes, but tighten it still
more or reverse the lock
washer, that is, turn it bottom
end up.

5. The casing bearing bushing
can be removed after heating
the crank case, or can be
pressed out Since heating the
case de-stroys the enamel,
pressing out the bushing is
recommended.
6. To press the bushing from
the crank case requires a
special set of fixtures. This set
is identified by number GK834, and consists of three
separate pieces; viz., one a
piloted pin guide, the other
two fixtures fitted with four
pins each, the pins of each
fixture being of different
length and placed so as to line
up with the 4 screw holes for
the felt washer retainer.

To Replace Casing Bearing Bushing 7. When a bushing is to be
4. If the casing bear-ing bushing
is only very slightly ringed,
showing where the rollers
bear, it is O.K. A bushing
which shows that it is worn by
the rollers and on which the
grooves can be felt, should be
replaced.
657

pressed out of a crankcase,
remove the felt washer retainer, put the piloted pin
guide over the fixture with the
short pins, and place the pins
through the 4 felt washer
retainer screw holes.

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

11. Overhauling the Engine

Support the inside of the crank- 10. When pressing another
case on an old piston to prevent
bushing into the crank ease,
springing the crankcase out of
be sure that the easing bearline, and the casing bearing
ing end plate is in position,
bushing can be pressed out as
that the crankcase is supfar as is possible with this fixported squarely, and that the
ture. Remove the guide from
bushing is pressed absolutely
the fixture, and place it on the
straight into the crankcase.
fixture with the long pins. With
this fixture the bushing can
To Line Up Left Crankcase
then be pressed all the way out
11. After a new bushing has been
of the crankcase.
pressed into the sprocket or left
side crankcase, the crank ease
8. Never attempt to press out a
should always be tested to see
casing bearing bushing withwhether or not the bearings are
out using the piloted pill
still in line. It is very important
guide, or without using the
to have the crank eases exactly
fixture with the short pins
in line; otherwise the flywheel
first, because the bushing is a
shafts will bind and run tight,
0.0025 inch press fit in the
the motor will always be stiff
crank case and would cause
and not give maximum power
the pins to bend.
and speed.
9. Examine the casing bearing
end plate, which is placed
be-tween the bushing and
crankcase. If it is worn, replace it.

12. To test whether or not the
crankcases are in line, force
the bushing of the lining bar
GK-862, into the casing bearing hushing by hand as far as
possible. Clamp the crankcases to-gether with two long
and two short casing studs
658

evenly spaced. Pass the crankcase lining bar through the
lining bar bushing (in the left
side of the crankcase), and
through the pinion shaft
bush-ing in the right crank
case. If the lining bar can be
turned per-fectly freely, the
crank cases arc in line. If the
lining bar sticks, or cannot be
passed into the gear side
bushing, although it will just
fit into the bushing without
passing the bar through the
left side crankcase first, the
crankcases are out of line.
13. To line up the left side
crankcase, pass the lining bar
through the lining bar bushing
up to the pinion shaft bushing. Look through the pinion
bushing and locate the point
where the lining bar comes
closest to the bushing. Turn
this part of the crankcase
directly upward, draw the
lining bar out of the crankcase
far enough to only. extend
through the lining bar bushing, keep the bar in this posi-
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tion, raise the crankcases and
lining bar, and strike the
outer end of the bar against
the bench. This will spring the
left crankcase boss so that the
bearings will line up properly.
if the crank cases do not line
up at the first attempt, repeat
the operation as often as necessary.

To Line Up the Right Crankcase
14. If the right crankcase bushing was bored to size in a
lathe as has been explained,
the bushing must be in line,
but if the bushing was reamed
to size with a I5/16 inch expansion reamer EK-336, the
right crankcase will have to be
lined up with the left crankcase. To line up this bushing,
apply the instructions in the
preceding paragraph.

11. Overhauling the Engine

To Line Up Both Crankcases
15. If both crankcases need
lining up, start by lining up
the left crankcase first until
the lining bar will just come to
the center of the inside hole of
the pinion shaft bushing.
Line the right crankcase in
like manner, and do not stop
until the crankcases are as
near in line as it is possible to
make them. The left crankcase
can be sprung easily, while
the right is quite a bit stiffer
on account of the thickness of
the stock.

Of course, instead of keeping
the bar in the left. crankcase,
it should be kept in the right
crankcase so that that boss
can be sprung.
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Connecting Rod Crank Pin
Bearing
1. Good judgment must be used
when overhauling-crank pin
bearings. This hearing should
not be overhauled as soon as
a little side shake has developed at the upper end of the
rod, nor is it advisable to neglect this bearing when the
motor is being overhauled.
This bearing need not be overhauled unless the upper end
of the connecting rods can be
moved sideways over 3/16
inch. The best way to determine the condition of this
bearing is to try the rod for up
and down play when the
crank pin is on top center,
and when the rod is in line
with the crank pin and flywheel shafts. If any up and
down play can be felt, the
bearing should be overhauled.

Overhauling Crank Pin Bearing
2. If, according to the foregoing,
the crank pin bearing is too
loose and the flywheels have
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not been taken apart, refer to
instructions for stripping the
flywheel and removing the
connecting rods previously
given. Care should be taken
not to drop any of the rollers
while removing the connecting
rods.
3. If the connecting rolls are too
loose, do not discard the
crank bushings, retainers and
rollers at once, but inspect the
parts for wear. If the crank
pin, retainers and connecting
rod bushings appear O. K., a
good fit can be obtained again
by fitting a larger size set of
rollers.
4. In some cases the crank pin
is worn badly and the connecting rod bushings are only
slightly worn.
A bearing in this condition can
be put in good shape again by
fitting a new crank pin and
rollers, and lapping the bushings with the connecting rod
lapping arbor FK-828 to true
up the bushings.
5. Before lapping a bushing,
adjust the lap so that the rod
661

can just be passed over it.
Place the lap in a lathe, run
the lathe at about 200 r.p.m.,
put: some fine grade grinding
compound on the lap, and lap
the bushing for a few seconds.
While lapping the rod, slide it
back and forth on the lap to
make an accurate job and also
to save the lap from being
ringed and grooved.
Hold the rod squarely and lap
the bushing only as much as
is necessary to true it up. Be
careful when lapping the front
(yoke) rod that one bushing is
not lapped more than the
other. To lap both bushings
alike, turn the rod after lapping it slightly, so that the
bushing which was to the left
will be to the right. It is also
important to place the rod
over the lap as quickly as
possible or one end of the
bushing will be lapped more
than the other.
6. The wear of a crank pin can
readily be determined either
by measuring the diameter or
holding a small straight edge

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
against the pin while holding
the pin up to the light. The
most accurate way, however,
is to measure the diameter at
various points. The crank pin
diameter should measure just
1 inch. A crank pin which is
worn more than 0.001 inch
should be replaced.
7. The closed end of the roller
retainers should he inspected
for wear. If the closed end is
less than 0.025 inch thick, the
retainer should be renewed. If
the retainers are O.K., they
should be used again whether
or not new rollers, crank pin,
and bushings are being used.
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eter of a roller, do not use a
micrometer which is graduated
to only 0.001 inch. Micrometers
which are graduated to 0.0001
inch and only those which are
in perfect mechanical condition
should be used to measure
rollers.
Through accident or carelessness different size rollers
should become mixed even
though the difference in the size
of the mixed rollers is only
0.0001 inch, the rollers should
be carefully measured and
again assorted according to
sizes.

10. The diameter of the stan8. If the crank pin is to be redard roller is 0.230 inch, but
placed, it can be removed from
to get a perfect bearing fit,
the flywheel in the same
whether the shaft or bushing
maimer that the pinion gear
is standard or not, the rollers
shaft is re moved. The only
are made in twenty sizes, from
difference is that the crank
0.001 inch oversize to 0.001
pin is not keyed to the flyinch undersize, each size varywheels.
ing 0.0001 inch.
9. Rollers that have to be replaced
on account of the fit being too
To Assemble and Fit Crank Pin
loose, should be scrapped,
Bearing
because they are worn un11. When it is necessary to fit
evenly. To measure the diamanother crank pin, it is com662

mon practice always to assemble the crank pin into the
sprocket (left) side flywheel.
This assembly is then held
secure by clamping the
sprocket shaft in a vise to
facilitate fitting the connecting
rod bearing on the crank pin.
12. While selecting the proper
size rollers and testing the
bearing fit, always keep the
yoke (front) rod to the left. This
is important: because the yoke
rod must be to the front on
account of lubrication.
13. Whether renewing the whole
bearing, or only fitting a new set
of rollers and crank pin and
lapping the connecting rod bushings, the hearing fit should, of
course, be made so that the rods
have no shake and can be turned
perfectly freely.
If one size of rollers allows the
rods to have a little shake at
the upper end, and the next
size, which is 0.0001 inch
larger, causes the rods to
climb or bind, the rods should
be lapped to fit the larger size
rollers.
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Under no conditions should
the bearing be allowed to
climb, or hind, even if only
slightly, when the rods are
spun in either direction.
14. To select the proper size
rollers, if the rods have been
rebushed and a new crank
pin is to be used, put a set of
standard size rollers on the
crank pin.
If the rods can be passed
over the rollers easily the
rollers should be removed,
and a larger size should be
tried. The proper size rollers
will be found when the rods
can just be forced over them
by hand.
Never use a hammer or any
other kind of a tool to pound
the connecting rods on or off
the crank pin, because this
seriously damages the bearing. If the connecting rods
cannot be forced over the
rollers by placing one’s entire
weight on the lower end of
the connecting rods, the
bearing fit is too tight and a
smaller size roller should be
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used, or the bushings should
be lapped until they are large
enough for that, size roller.
To remove tight fitting rods
pry them off and place the
wedge as close as possible to
the crank bearing end.
15. While trying the various size
rollers, do not use both rods
at the outset. Try to find the
proper size roller by using the
yoke rod. After the proper
yoke rod fit has been obtained, remove that rod and
try the rear rod on the bearing. If the fit is too tight, lap
the rod as may be necessary,
but bear in mind that a very
little lapping has a decided
effect on the fit, of the bearing.
16. If the fit of the bearing
seems O.K., but the rods
climb slightly when spun, do
not strike the rod to loosen
the bearing but remove the
rod and reverse the retainers
with the rollers. To re verse
them, remove the retainers
from the crank pin and replace them iii such a manner
that. the retainers and rollers
663

which were on the top are on
the bottom. If this will not give
the desired effect, the bushings which are smallest
should be lapped slightly.
17. If the yoke rod has been fitted
properly on a set, of rollers, and
the rear rod is entirely too loose
on this set of rollers, try another rod in place of this one or
select a set of rollers for the
inside rod which will give a
satisfactory fit.
After a good fit has been ob-

tained, it will of course be
necessary to place the rollers with retainers in the
connecting rods, after the
rods have been put together, and then slip this
entire assembly over the
crank pin. The method of
spinning a connecting rod
to test its bearings is
clearly outlined in Fig. 365.
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Assembling the Flywheels.
1. After the flywheel shafts, crank
pin bearing, and thrust washers
have been properly fitted, the
flywheels can be assembled.
Before assembling them, make
sure that the yoke rod will be to
the front and that the taper hole
in the flywheel and taper end of
the shaft are perfectly clean.
2. Place the gear side flywheel over
the crank pin which is assembled
with the rods mid sprocket side
flywheel. With a scale or straight
edge line up the outside faces of
both flywheels, and with wrench
GK-854 draw the crank pin nut
tight. If the flywheels have a
tendency to turn in the vise while
pulling the nut tight, place a
wedge of some kind between the
spokes of both flywheels and the
vise.
3. After tightening the crank pin
nut, test the connecting rod
crank pin bearing for end play on
the crank pin. Test the play by
prying the lower end of the rods,
first from one side, and then from
the other. If the rods can be
moved between 0.006 inch and
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0.012 inch, the end play is correct and the lock washer can be
fitted.
4. If the end play is 0.030 inch the
crank pin nut can be tightened
until the maximum end play is
obtained. If the end play is more
than 0.030 inch, another crank
pin should be tried, because the
flywheels would crack if it were
attempted to overcome more
than this amount of play by
tightening the crank pin nut.
Never put oil on the shafts, or in
the taper holes of the flywheels
when assembling.
5. If the connecting rods have no
end play after the crank pin nut
is drawn up tight, do not loosen
the nut, because the shafts in the
flywheels must be clamped securely.
In this case try another crank
pin, if another shaft will not give
the proper end play, the taper
holes in the flywheels are undoubtedly too large and the only
remedy, although not urged by
us, would be to grind off the
outside of the yoke connecting
rod bushings and to grind off the
665

open end of each retainer with
the rollers.
Before grinding the yoke connecting rod bushing, measure the
distance between the outer edges
of both bushings with a 2 inch
micrometer.
Then grind off one bushing with a
disc grinder or on the side of a
perfectly true emery wheel, again
measure the diameter of the
bushings and grind off the other
bushing the same amount.
When preparing to grind off the
open ends of the retainers and
rollers, do not mix the retainers,
because trouble may be experienced with the bearing fit when
again assembling. Be careful not
to lose any rollers and to grind
each set squarely and the same
amount.
6. After the retainers have been
ground, place them together
including the spacer washer and
measure the width. This width.
should be 0.005 inch to 0.010
inch less than the distance
between the outside ends of
both yoke connecting rod
bushings.
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2. When supporting the flywheels between centers, care
1. To true a set of flywheels does
must be taken not to clamp
not refer to lining up the face
them too tight, nor to hold
of one flywheel with the face of
them too loose. Clamp them
the other, but refers to truing
so that they have no play and
up the sprocket shaft and
still can be turned per-fectly
pinion gear shaft. This can
freely. If the truing device is
only be done successfully as
equipped with Brown and
follows: Support the flywheel
assembly on its main shafts
between centers, and move or
slip the crank pin in the flywheel (depending, of course,
which :shaft is out of line) by
striking that part of the rim
which is in line with the high
spot of the shaft.

To True Flywheels

Flywheel truing device GK-850
is recommended to support
the flywheels in preference to
a lathe, because the. hammering. required in some cases
would ruin a lathe in time. In
addition to the flywheel truing
device, copper hammer EK328 should be used to strike
the flywheels, because if a
steel hammer were used, the
wheels would be badly marred
and possibly broken. (See Fig.
366.)
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Sharp indicators, adjust them
so that they bear against the
shafts as close to the flywheels
as possible. If the truing device is equipped with the standard indicators, also adjust
them to come in contact with
the shafts as close to the
wheels as possible.
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3. Turn the wheels by means of
the rods and watch the action
of the indicator pointers. If the
pointers of the indicators do
not move more than 0.001
inch, which is from one graduation to the other, the flywheels need not be lined up
any better, although, if possible, they should be lined up
absolutely true.
4. If the truing device is used
with the standard indicators,
lay a piece of white paper
under the flywheel assembly
and try to look through between the indicators and the
shafts while the flywheels are
turned. If light can be seen
through at certain positions,
the shafts are out of line and
the flywheel rim should be
struck down-ward at that part
which is in line with the high
part of the shaft until the
shaft runs absolutely true.
5. Under no conditions should
flywheels which are more than
0.001 inch out of line be
placed into a motor. If the
flywheel shafts are a few thou-
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sandths inch out of line, find
the point where the shafts are
furthest out of line, turn the
wheels to bring this point to
the top, hold them in this
position, raise the indicators,
and with the copper hammer
strike the wheel in which the
shaft is clamped squarely on
top. If the point where the
wheel is to be struck is between two spokes, do not
strike the wheel there, because it may crack. Strike the
wheel at two places, that is,
directly over the spokes, on
both sides of the point where
the wheel should be struck.
6. Do not true up one shaft so
that it runs absolutely true before starting truing the other,
because the first shaft generally
would be knocked out of line
again. The best and quickest
way to true flywheels is to true
both at the same time, that is,
to find the high spots of the
pinion gear shaft and the
sprocket shaft, mark the flywheels accordingly, release the
indicators and strike the wheels
in the proper places.
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7. If the flywheels stick very
tight on the crank pin, trouble
may be experienced in lining
them. In this case, tightly
clamp the flywheel rims together at the crank pin with a
“C” clamp. Place the clamp
against the sides of the rim
and turn it up tight, then
proceed to line the wheels as
explained.
8. After the flywheels are properly
lined, handle them with care.
Do not give them a sudden jar
or they may require realigning
again.
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Assembling the Motor to Fit
Flywheels Into Crankcase
1. Lay the left side crankcase on
the 8x8 inch box. Place the two
sets of rollers and retainers in the
sprocket bearing bushing with
the open end of the retainers
toward the flywheel. Lay the
flywheel assembly in position in
the left side crank ease. Put some
lubricating oil on the pinion gear
shaft and place the right side
crank case in position over the
left crank ease. Bolt both halves
together with two of the short
casing studs. Test the flywheels
for end play in the crank case.
2. If the play is considerably over
0.003 inch, measure the
ex-cessive amount; then take the
crank cases apart, remove the
sprocket shaft collar, measure
the thickness of the collar, add
this thickness to the amount of
end play, and select a collar of
the combined thickness minus
0.003 inch. Since sprocket shaft
collars are made in forty sizes
ranging from 0.062 inch thick to
0.102 inch thick, any needed
clearance can be obtained. Place
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the selected collar on the flywheel
and again clamp the crankcases
together with two short studs.
If the flywheels have about 0.003
inch end play when the crankcases are bolted together with
two bolts, this 0.003 inch end
play will generally disappear
when all the casing studs are
drawn up tight.
3. If the flywheels have no end play
and do not bind when all the
casing studs are fitted, the fit is
0.K., even though the flywheels
did not have 0.003 inch end play
with only two studs clamping the
crank cases. When a motor is
overhauled, fit the flywheels in
the crankcases so that they are a
free running fit, to 0.003 inch
loose endwise.
4. If the flywheels are held tight
sideways in the crankcase, the
spacing collar should be replaced
with one which will give the
proper fit. Never let a job go out if
the flywheels cannot be turned
perfectly freely, thinking that the
wheels will loosen up properly, as
is often the case with automobile
motor repairing. Harley-Davidson
motors must not bind anywhere;
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they must be perfectly free, yet
not too loose, on account of the
extremely high speed at which
these motors are generally run.
5. Do not overhaul a motor just
because the flywheels have developed end play. Generally when
1/64 inch end play has developed, some other part of the
motor requires attention.
However, if everything else about
the motor seems O.K., do not
overhaul it just because the
flywheels have 1/6 4 inch end
play. When checking up end
play, be sure to measure it carefully. Do not guess at it because
this cannot be done with any
accuracy.
6. After the flywheels are properly
fitted in the crankcase, take the
crankcase apart and cover both
surfaces where they are joined
together with a thin coating of
shellac; then bolt the crankcases
together securely with the casing
studs by drawing the nuts up
tight.
If any shellac has squeezed out at
the joint, it can easily be removed
with an alcohol soaked rag.
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To Fit Pistons Onto
Connecting Rods, Center,
Square, and Round Them
1. Before putting a piston onto a
connecting rod, support the
motor in a vise. Make sure
that the right piston is used
for the right cylinder, because
the diameters of the front and
rear cylinders and pistons
generally are not alike.
If a new piston, pin, or upper
connecting rod bushing has been
selected, refer to instructions
previously given covering the
reaming of the piston and connecting rod bushing. Do not let a
piston pin have any up and down
shake in the bushing, nor let a
job go out in which the piston pin
is not a 0.001 inch press fit in the
piston.
2. After the proper piston pin fit
has been obtained and the
proper piston has been selected, put the piston pin into
the right piston boss in such a
position that the lock pin
holes in the piston and in the
pin will line up when they are
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assembled. Place the piston
on its respective rod and hold
it in place with the pilot furnished with the piston pin tool
FK-799. Place the piston pin
tool over the piston, put the
screw against the piston pin,
turn the handle, and the pin
will be forced into the piston,
see illustration over.
While pressing the pin in
place, look through the piston
and do not press the pin any
farther when the lock pin
holes line up. Remove the tool
and fit a new lock pin, being
sure to spread it to prevent its
falling out. Under no conditions use a lock pin twice and
never use an ordinary cotter
as a substitute.

sides when the pistons are
removed from side to side. It
is, however, important to have
the pistons center exactly
between the crank cases without rubbing against either side
of the piston pin bushing.
4. If the pistons do not center
within the limits and the connecting rods are straight, that is, if
the pistons bear properly on the
squaring plate, the pistons
should be removed and that side
of the piston pin bushing where
the least clearance is obtained
should be faced off, or the bushing should be pressed toward the
other side of the rod slightly. Do
not put an offset bend in the rods
to center the pistons.

To Round Pistons
To Center Pistons
3. Turn the flywheels until the
crank pin is on lower center
and test the pistons to see
whether they are cen-tral
between the crank ease. It is
not necessary to have the
pistons so central that there is
the same clearance on both
669

5. After the pistons have been
centered, they will have to be
rounded, because they are
forced out of round when the
piston pins are pressed in
place. With micrometers, measure the diameter of the pistons for high spots at various
places at the bell end.
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Very often the pistons can be
rounded up accurately by just
striking the piston pins from
one side or the other with a
drift and hammer. In some
cases a “C” clamp will have to
be used to press the pistons
into shape, while some pistons
can be rounded by striking the
high spots with a hammer
handle. True the pistons
within at least 0.0005 inch of
being round to avoid overheating and unnecessary loss
of power and speed due to
friction. Handle this assembly
with care after the pistons
have been trued up, because
they are easily knocked out of
round by letting them strike
the connecting rods.

To Square Pistons
6. Square the pistons up with
piston squaring plate GK-855
by either bending or twisting
the rods until the pistons rest
squarely on the squaring
plate, regardless of whether
the crank pin is in the forward
or backward position.
670
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Before placing the squaring
plate on the crank case, remove all grit or burrs which
may be on top of the crankcase because the squaring
plate must rest squarely on
the crankcase.
7. Put the plate on the crankcase, turn the flywheels so
that one of the pistons is resting on the squaring plate, hold
the motor in this position
without pressing the piston
too tight against the plate, and
strike the top of the piston on
both sides to see whether or
not it is resting squarely on
the plate. If the piston does
not rest squarely, turn the
flywheels in the opposite direction and see if the piston is
just as crooked in this position. If it is, the connecting
rod is bent and should be
straightened by bending with
monkey wrench FX-748.
8. If the right side of the piston
does not bear on the plate
when the crank pin is forward,
but bears on the right side
when the flywheels are turned
671
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so that the crank pin is backward, the connecting rod is
twisted. In this case, it is best
to twist the rod backward
slightly while standing at the
right side of the motor and
using the wrench with the
right hand.

on both sides of the squaring
To Fit the Cylinders
plate and then bear lightly on
1. If the paper cylinder gaskets
the piston with one finger
were torn, fit new ones. Place
while pulling the pieces of
one on each side of the compaper out with the other hand.
pression plates (if the motor is
It should be just as difficult to
of the sidecar type), without
draw the paper from under
shellacking them.
one side of the piston as it is
Wipe all grit from the pistons
Again test the condition of the
to draw the other piece from
and cylinders, put a thin film
rod by resting the piston on
the other side.
of powdered graphite and oil
the squaring plate with the
See illustration Fig. 369.
mixture on the pistons and in
crank pin in both the forward
the cylinders. Set the piston
10. Screw the relief pipe nipple
and backward positions. If
rings so that the slots arc
into the crankcase. Examine
some of the twist has been
evenly divided around the
the exhaust lifter pins and if
taken out but not enough, pull
pistons, place the cylinders
they are O.K. try the fit of the
the rod still more. If the disover the pistons, and clamp
pins in the exhaust lifter pin
tance between the piston and
the cylinders secure with the
bushings.
plate with the crank pin forclamp nuts.
ward is greater instead of less
When tightening the nuts, do
the rod was pulled in the
not draw one tight all the way
wrong direction.
before starting the other.
The connecting rod is straight
Draw them all nearly tight,
when the piston bears evenly
before giving them the final
on the squaring plate with the
tightening.
crank pin both for-ward and
backward.
9. A good way to test whether
the connecting rods are absolutely straight is to lay two
pieces of thin paper about 2
inches long and 1/4 inch wide
672
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To Fit the Gears and Time
the Motor
1. To fit the gears, clamp the
front cylinder of the motor in
the vise with the gear side
upward and support the crank
case end of the motor by placing a 2 inch piece of wood
about 8 inches long between
the rear crankcase lug and the
bench.

11. Overhauling the Engine
If they do not, and all rollers
bear too far toward the crank
case, shim them up by placing
a 1/64 inch thick fibre washer
on the stud under the roller
arms.

2. Remove the secondary gear,
and fit the lifter cam and relief
lever stud without the spring.
Again fit the secondary gear
and turn the relief stud to see
whether or not both exhaust
Place the exhaust and then
valves start to lift at the same
the inlet roller arms on the
time, and whether or not the
roller arm stud with the yoke
exhaust roller arms are kept
arms toward the rear. Place
from resting on the low side of
the secondary gear on the
the cams on the secondary
stud and raise the exhaust
gear by the lifter cam. If one
valve spring covers.
valve lifts considerably sooner
than the other, locate the
Turn the secondary gear so
points of contact between the
that the exhaust roller arms
lifter cam and exhaust roller
are in their lowest position,
arms, and grind the high side
and adjust the exhaust lifter
of the lifter cam down so that
pins, so that there is between
both exhaust valves raise
0.008 inch and 0.010 inch
simultaneously. If the lifter
clearance between the exhaust
cam does not let the exhaust
valve stems and the exhaust.
roller arms rest on the gear
lifter pins. Note whether or not
cams, grind the lifter cam off
the rollers of the roller arms
as may be necessary.
ride centrally on their respective cams.
3. If no new gears have been
674

fitted, place the pinion gear
and key on the shaft. This
gear should be a 0.001 inch
press fit on the shaft. If the
pinion gear is a loose fit, select
another, because the key is
very apt to shear off. Note
whether or not the pinion and
secondary gear teeth line up
evenly. If the secondary gear
is higher than the pinion,
place a 1/64 inch thick fibre
shim under the pinion gear.
Clamp the pinion secure with
the left threaded pinion lock
screw.
4. Remove the roller arms and
test the secondary and pinion
gears for back lash. If the
back lash or play between the
teeth is considerable, remove
the secondary gear and with a
hammer and piece of brass,
spring the stud toward the
pinion. Be sure to put the
piece of brass bar against that
end of the stud which is toward the stud plate, because
if the stud were sprung by
striking it on the outside end,
it would be very apt to bend
and cause the secondary gear

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars

11. Overhauling the Engine

675

This document was created for free distribution in the AJS/Matchless Egroups - do not resell

Motorcycles and Sidecars
to run tight. After springing
the stud, try every gear tooth
to see whether or not any
bind. The best fit is obtained
when the gears do not bind
and when they have the least
bit of back lash.
5. Turn the motor so that the
mark on the pinion gear is in
line with the secondary and
roller arm studs; after this do
not turn the motor again. Put
the relief valve assembly into
the relief valve casing bearing
bushing so that the mark on
the relief valve gear is in line
with the “U” mark stamped in
the boss of the crank case
next to the relief valve bushing.
6. Remove the secondary gear,
put the roller arms on the
stud and replace the secondary gear on the stud in such a
position that one of the marks
on this gear is in line with
the mark on the pinion gear,
while the other mark of the
secondary gear is toward the
rear of the motor.
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When New Gears Have Been Fitted
7. If all new gears have been
fitted, or only another secondary, or another pinion gear, it
will, of course, be necessary to
retime the motor according to
piston position.
If another pinion gear has
been fitted, time the breather
valve first. Turn the motor
until the front piston is on top
center; then place the
breather valve in the bushing
so that the port is open from
1/16 to 3/32 inch.
Place the valve in the bushing
in such a position that the
port will gradually open if the
motor is turned in the direction that it runs, and again
closes when the piston
reaches bottom center.
After the breather valve has
been properly timed, see
whether or not the mark on
the breather gear is in line
with the “U” mark in the crank
ease when the mark of the
pinion gear is in line with the
secondary and roller arm
studs.
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If the mark of the breather
gear does not line up right,
another wider mark can be
ground into the, gear, after
which the original mark can
be ground off.
8. If another secondary gear, or
another pinion gear, or both
have been fitted, turn the
motor until the front piston is
between 3/4 inch and 9/16
inch before bottom center.
Place the secondary gear on
the stud so that the opening
side of the front exhaust cam
is just starting to lift the valve.
The exhaust valves should
open within these limits, and
close when the pistons are
between 1/32 inch to 3/32
inch past top center.
It will not be necessary to time
the rear exhaust valve or either inlet valve, because these
caws are mounted on the
same gear with the front exhaust cam, and all cams are
machined together.
After timing the secondary
gear, see that the marks line
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up properly and turn the exhaust valve spring covers in
place.
9. If no 1/64 inch thick fibre
washer was placed ruder the
roller arms, place one on top
of them. Place a 1/64 inch
thick fibre washer on the cam
end of the relief lever stud,
and place a 1/32 inch thick
fibre washer on the drive case
end of the stud.
Put the stud in position and fit
the drive case temporarily
with two screws. Test the
roller arms and relief lever
stud to sec that neither is
clamped tight sideways, and
that. there is not over 1/64
inch end play. If the roller
arms or stud are too tight,
entirely remove or file off the
1/64 inch thick washers as
may be necessary.
If any part has sufficient play
to allow the fitting of another
fibre washer, do so. The roller
arms and relief lever stud are
good fits when they have no
end play and are perfectly
free.
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10. After a good fit has been obtained, remove the drive case, fit
the coil spring in the end of the
relief lever stud, and return the
stud into the crank case, holding
it in place by turning the motor
until the front exhaust roller arm
is raised.
Put a few drops of oil over the
moving parts, give the crank
ease and drive ease stepped
faces a thin coating of shellac,
and assemble the drive case to
the crank ease, damping it
secure with the six drive ease
clamp screws.
Be sure to place the two cover
screw separators over the two
rear drive ease clamp screws
before turning the screws in
place. If any of the shellac is
forced out When these parts
are clamped together, it can
readily be removed with an
alcohol soaked rag.

To Fit the Magneto or Generator
11. Examine the felt shaft
washer on the drive end of the
magneto. If the washer is not
in good shape, fit another and

11. Overhauling the Engine
prevent it from turning with
the shaft by shallacking it to
the side of the magneto.

ingly, or an oil leak will develop between the magneto
and drive case.

Place the tin washer on the
magneto shaft and put the
magneto on the mag-neto
bracket, holding it temporarily
with the three base screws
and lock washers.

While pulling the magneto
squarely toward the drive
case, also push it forward so
as to get the teeth of the magneto gear and the intermediate worm gear as close together as possible without
having them bind. Hold the
magneto in this position while
tightening the three base
screws securely.

Temporarily clamp the magneto drive gear to the magneto
shaft and put the intermediate
worn gear on its stud.
Remove the motor from the
vise, set it up and again secure it in the vise by clamping
the front crank case lug.
Draw the magneto toward the
drive case as tightly as possible, making sure that the
magneto base screws are not
preventing the magneto from
coming up tight against the
drive case.
If the screws are preventing
the magneto from coming up
close against the drive case,
remove the magneto and with
a rat-tail file, file the screw
holes in the bracket accord678

12. After the magneto is clamped
securely on its bracket, again test
the fit of the gears. A good way to
test whether or not the gears
bind if they have no back lash is
to slide the intermediate worm
gear back and forth on its stud
while turning the gears slowly.
If a spot is found where the
gears bind, even if only
slightly, the magneto should
be moved backward slightly on
its bracket. After the magneto
is set and tightened properly
on the bracket, remove the
magneto drive gear. If the gear
sticks, use puller FK-831.
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13. To time the magneto according to gear marks it is only
necessary to have all gear
marks in line (with each other),
with the exception of the
breather gear, and then to
tighten the magneto gear clamp
nut, being sure that the key is
placed in the magneto shaft.

Remove the gear, fit the key
into the magneto shaft, replace the gear just as it was
removed and tighten the
clamp nut. To make sure that
the magneto is timed correctly, again check over the
timing as previously explained.

14. If the motor is fitted with
another than the original magneto, set all gear marks in line
(with each other), with the exception of the breather valve
gear, and have the magneto
gear held loosely without a key.

15. If the motor is equipped with
a generator in place of a magneto, the preceding instructions can be applied with the
exception that the method of
timing is different; and with
model 235 generator a piece of
blotter paper and two screws
with separators are used to
draw the generator snugly
against the drive case, while
the generator gear is Iined up
with the generator intermediate gear instead of with the
intermediate worm gear.

Turn the motor until the front
piston is between 1/4 inch and
5/16 inch before top center on
the compression stroke, fully
advance the interrupter, turn
the circuit breaker to the left
until the fibre breaker lever is
touching the lower interrupter
shoe sufficiently to just cause
the circuit breaker points to
start to break contact.
Hold the magneto in this position while marking the magneto gear and the intermediate worm gear with a pencil.

Caution.—Care should be taken
when turning the two screws
through the drive ease and
into the generator, that in
addition to placing the separators on the screws, a 1/16
inch thick washer is placed on
679

the screw which goes toward
the rear.
16. To time a generator according to gear marks, it is important to turn the generator gear
to the left until the small (front)
cam is just touching the fibre
block of the circuit breaker
lever, with the interrupter fully
advanced, and with all gear
marks with the exception of the
breather valve gear exactly in
line with each other.
The reason for this is that the
generator gear and the circuit
breaker cam are geared three
to one, respectively.
17. If a generator is used to
replace the original one, do
not refer to gear marks to time
the generator, but set all gear
marks in line. Loosen the
circuit breaker earn with
puller GK-833 after the nut
has been loosened, insert a
scale through the front cylinder plug hole and turn the
motor until the front piston is
between 7/32 inch and 9/32
inch before top center on the
compression stroke.
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Fully advance the circuit
breaker, turn the small cam to
the right until it is just touching
the fibre block, hold the earn in
this posi-tion and securely draw
up the clamp nut.
18. After the gears and ignition
unit have been properly fitted,
place the gear stud collar and
split rings on the intermediate
gear studs and again clamp
the motor in the vise by
clamping the front cylinder.
Put the 1/8 inch thick fibre
washer on the secondary gear
stud and lay a straight edge
across the drive case next to
the stud to see whether or not
the fibre washer is too thick or
too thin. If the washer is too
thick, file it off as may be necessary, or if another 1/64 inch
thick washer can be put on the
stud without clamping the
secondary gear when the drive
case cover is fitted, put it on.
19. Pour one-half pint of good
engine oil over the gears, and
fit the drive case cover after
making sure that the paper
cover gasket is O.K.
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If another gasket must be
fitted, scrape off every bit of
the old gasket and shellac,
and shellac the new gasket to
the cover only. To soften the
paper gasket and to prevent it,
from sticking on the drive
case, give the gasket a film of
oil after it has been shellacked
to the cover. Use Yankee
screw driver EK-325 to turn
the screws in place.
20. Set up the motor and hold it
in the vise by clamping the
front crank case lug. Inspect
the cylinder plug gaskets and
dis-card them if there is the
slightest chance for a leak.
Select new ones and with
wrench GK-865 or wrench GK861 turn the plugs into the
cylinder heads. If necessary,
use a hammer on the wrench to
thoroughly tighten the plugs.
Put the inlet lifter pins into
their bushings, and make sure
that they do not stick.
Connect the breather pipe to
the nipple in the crankcase.
With the later type 1918 motors also clamp the lower end
680

of the pipe to the crankcase
with the small clip and
screws. Connect the drive case
oil pipe to the nipple in the
drive case cover.
21. Fit the inlet push rods without the springs or covers,
adjust them so that there is
.004 inch clearance between
the inlet valve stems and inlet
levers, again remove them
from the motor, and fit the
push rod springs and covers.
22. Before connecting the inlet
manifold and carburetor assembly to the motor, inspect
the copper gaskets, manifold
and packing bushings.
If the manifold has been bent
by the packing bushings, another manifold and another
set of packing bushings
should be used, because the
manifold would leak and it
would be impossible to get the
motor to run satisfactorily.
If the carburetor has been
removed, make sure that the
paper gasket between the
carburetor and manifold is in
good condition, that there are
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no burrs which might prevent
a tight fit and that the three
screws are drawn up firmly.
23. When connecting the manifold assembly to the motor, be
sure to get.the manifold in the
center between the two cylinders or a leak will develop.
Turn both inlet nipples as
tightly as possible into the
cylinders, set the manifold
central, and while holding the
carburetor square, tighten the
manifold clamp nuts.
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To Place Motor in Frame
1. When placing a motor back into
the frame, reverse the operations
of taking it out. Be sure to put
the bell crank bracket and intermediate control rod assembly
over the rear cylinder plug, before
placing the motor in its final
position. Make sure that all casing clamp bolt nuts, as well as all
other nuts, bolts, and screws, are
drawn up as tightly as it is safe to
draw them.
2. Inspect the spark and throttle
controls after they are con-nected
up. Make sure that the throttle
can be fully opened and closed,
that the spark can be fully advanced and retarded, and that
the exhaust valves call be lifted
by turning the left grip to the
extreme left after the spark has
reached the retarded position.
To prevent overoiling, vent the
oiler before running the motor. This is covered on page 40
of the 1918 manual. The oiler
is very likely to become air
bound whenever the drive
case oil pipe is disconnected.
681
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To Test the Motor
1. To test the motor does not
require taken it out on the
road and running it at its
maximum speed. This is
abuse to which no motor
should be subjected.
2. The most important test can
he made right in the repair
shop if an electric fan or some
other means of cooling is
available.
3. Before starting the motor,
inject one pumpful of oil with
the hand-pump. Start the
motor in the usual way, and
adjust the carburetor so that
the motor will lire regularly
and fairly slow with an advanced spark and closed
throttle. For instructions covering carburetor adjustments,
refer to the proper manual.
4. Under no conditions turn the
low speed adjusting screw way
into the carburetor, because it
will then be impossible to
adjust the carburetor, to have
the motor fire nicely for all
throttle positions.
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If the motor will not throttle
down to a fairly slow speed
unless the adjusting screw is
turned way in, the carburetor
is worn, or there is a leak
between the carburetor and
cylinders.
To test for a leak, squirt gasoline along these places with
the priming gun, while the
motor is running slowly. If
there is a leak, the running of
the motor will be affected.
5. The inlet housings, manifold
connections, cylinder plugs,
and priming cocks, should be
tested in like manner for
leaks. If a leak is found, make
the necessary repairs.
6. After the motor has warmed
up, carefully look at the joints
between the crankcases,
drivecase, and drivecase cover
for oil leaks. The presence of
oil indicates a leak which
should be repaired immediately, because the motor may
run dry and a considerable
amount of oil be wasted.
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7. After the motor has been
running well for about 15
minutes on the stand, the
machine should be taken out
for a short road test. If the
motor is quiet, fires evenly,
has a good pickup, etc., it can
be taken for granted that it is
O.K. and can be put back into
regular service.
8. If the cylinders were reground
and several bearings replaced
it is advisable to inform the
rider to run the machine in as
though it were new, to avoid
the danger of running it tight.
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Bowden Wire, How Used
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Carburetors, Breeze
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Carburetors, Early Forms

Brake Adjustment
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Carburetors, Float Feed

Brake, Multiple-disc

Carburetors, Kingston

Brake, Operation of. Typical

Carburetors, Longuemaro
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Carburetors, Schobler

Brakes, Adjustment of
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Brakes, Using Motor As
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Chain Drive, Double

Calculating Sprocket Sizes

Chain Drive, Eagle
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Clutch Adjustment
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Countershaft Gear

Clutch, Theory of Action

Countershaft Gear, Planetary

Clutch, Utility Defined

Countershaft Gear, Shifting Jaw Clutch

Clutches, Materials Employed in

Countershaft Gear, Sliding Gear

Clutches, Types of
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Coaster Brake, Operation of
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