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MODERN ENGINES

498 cc. Racing Twin A.]S.

= I’l‘ must be remembered that this power

unit was envisaged as a blown job,”
mused Jock West. We—that is Jock, the
racing man and Associated Motor Cycles’

sules :iuaﬂager, Matt Wright, chief of the

a parallel twin with the cylinders almost
horizontal.

The musing continued. ‘' The war was
still eracking when the engine was roughed
out, mentally, so to speak. With the war

——
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Harry Louis Probes into the Famous
“Porcupine” Racing Unit : Analysis of a
Most Interesting Design Planned

~ Originally as a Super-
charged Unit

racing department, and I—were standing over, the design® was laid down and a
beside the London Show model of the prototype made. Then, in the antumn of
famous 498 c.c. donble-camshaft A.J.8. 1946, came the F.I.C.M. decision thal
““ porcupine ’ twin. Nearby was a bench  superchargers would be banned for inter
on which were lying all the parts of the national racing. To get the ultimate
engine-gear unit. My gambit had been to  results the design should have been recast
invite a dissertation on why the layout was (Continued on page 254)
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In wnit with the engine, the four-speed gear box is
driven by spur geavs. The crankshaft is machined from
a solid steel forging, and is supported by a plain bearving
at the middle, and vroller bearings at the ends. Shell-
type bearings arve employed at the big-ends, and the
connecting vods arve in  forged RRs56 lLighi-alloy

Twwn camshafis are dviven by a train of spur pears.
Each hollow camshaft is supported by five voller beavings
and theve is a pressure oil feed through jeis on fo the
flanks of the cams. The light-alloy cylinder head
casting has formed with it the valve-spring wells. Spike
fimning s used for the forward-facing cylinder head
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Continuation of the “Modern Engine”

for atmospheric aspiration. DBut there was
not enough time to do that. However, a
new cylinder head to give higher compres-
sion ratios was essential.

“Two main problems arise when super-
charging is envisaged—accommodating the
power unit in the frame and cooling the
cylinder heads. A.M.C. had had consider-
able experience with supercharged Jours—
remembper the pre-war octopus’ vee-
four 7—and knew that for air-cooling the
cylinder heads must have first call on all
the nir that’s going.

*“ A supercharged parallel four with the
crankshalt across the frame on the lines of
the Gilera might be snccessful if air-cooled.
But if the width of the engine i1s to be
kept within reasonable dimensions, (he
valve-gear, cylinder head hemispheres and
cvlinder bores might be ton erowded for
adequate cooling.  Remember that the pre
war blown Gilera parallel four was hquid
cooled. Now that the Gilera four 1s
normally aspirated it is atr-cooled,

Weight Low Down

‘“So, the best compromise seemed to be
a twin. And almost the best way of air-
cooling the eylinder heads 1s to face them
forward ; another good point is that the
weight is kept well down in the frame and
the centre of gravity of the machine is
thus very low, which is half the battle of
good handling.”

“Wonldn’t a horizontally opposed twin
layout with crankshaft in line with the
frame give better cylinder head and cylin-
der cooling for supercharging?’’ I sugges-
ted.

““ Possibly yes,”” replied Matt Wright,
“but it is doubtful whether the weight
could be got so low down as with the paral
®lel twin, and in any case the weight would
be less concentrated. It would not be ‘in’
the frame.”

“ Unit construction of engine and gear
box is employed. Got any talking points
on that?” I inguired,

“Oh yes "' said Jock. ** With the engine
lying down there’s ample space for a sturdy
gear box, but not for the usual gap between
separate units for engine and gear box.
[Tence our crankcase casting embraces the
gear-box shell. Buot the gear box is self-
contained and independently lubricated.
A gear box does not require pressure lubri-
cation and it is nnnecessary to invite swarl
from the gears to get circulating with the
engine oil.”

“(ear drive between crankshalt and
sear-box mainshaft, 1 note. The engine
rung  backward presumably? ' was my
next query. ““ Yes it does,”” answered
Matt Wright, ““and gear drive is the ob-
vious choice. 'I'he crankease cum gear-box
casting gives fixed centres apart’ from the
expansion under heat of the Elektron, which
is of no consequence from the point of
view of efficiency. A chain drive would not
theoretically be less efficient, but there

would have to be some form of slipper
adjustment which might well put the chain
drive at a disadvantage. The £in width
spur gears are, of course, fully enclosed
and run under ideal, fully lubricated, con-
ditions.”

“The difference in diameters between
crankshaft and gear-box mainshaft gears
15 not very great,’” I observed. ** Obviously
the clutch runs at fairly rapid* r.p.m.
Does thehigh inertia ever give any bother,
are there any worries with overheating due
Lo heat transference from the crankcase,
and 15 1t not difficult to obtain the neces-
sary overall gearing reductions by means
of the gear box and rear sprockets?”

“Well,” said Jock, ‘' there was in the
carly stages a headache or two as a result
of the clutch friction material being de-
formed by centrifugal foree; new type
friction plates cured that., As you see, the
cluteh unib 18 remote from the gear-drive
chest and well oult in the air stream, so
Lhere gre no overhealting troubles. Answer
to the final point 1s that we do get enough
reduction by way ol the gear box and rear
sprockets. It 1s a fact, however, that the
lavge rear sprocket approaches the maxi-
mum gize permissible to avoid overstressing
the chain due to “fling’. We are within
the safety limit and rear chains give good
service and no trouble, DBut if we went up
much on the diameter of the rear sprocket
and used the top speeds of the bicycle,
chains would be a problem.”

Double O.h. Camshafts

“Now what other external features
arouse queries?’” I muttered. ‘' Ah—
I_}l'!]'llil.I'I-F'n you 'Wrﬂ'l]il,] ruin over thE '&-'[‘] VHHtEgEE
of double overhead camshafts with spur-
pinion drive.”

“The best way to get the valves to
follow the cam contours accurately at high
revs is to keep the weight of the components
operated by the cams as low as possible,”
said Matt. Then Jock West continued,
““The weight of either an exhaust valve
or an inlet valve and its tappet is approxi-
mately 100 grammes, which for an engine
of this type is pretty low. On the point of
the drive, the answer is that no form of
gearing results in less friction than spur
pinions. This method of drive is, inci-
dentally, rather ruled out for production
racing engines intended for private owners
because of the difficulty of obtaining com-
pression ratio changes,

" It might also -be noted that double
overhead camshafts are more or less unprac-
ticable on production engines because it is
difficult to provide a means of reasonably
rapid tappet clearance adjustment. On
this ‘ porcupine’ job every adjustment,
means removing a camshaft box, mserting
or removing a shim behind the contact pad
in the tappet, vefitting the cambox,
checking the clearance and, if necessary,
starting all over again !’

*“ Spike f[inning,”” 1 observed, ‘'1s the

Analysis of a Famous Twin

obvious choice for the forward-facing
cylinder head and the maximum cooling
area for a given depth and pitch of fins is
clearly achieved. Any snags involved?”

“No,”” replied Jock, ‘‘ not if we have in
mind only a ‘few off’ racing jobs. Daut,
again, spike finning would be unatiractive
for production in any quantity, Casting is
difficult and demands great care, and the
spikes are very vulnerable; it is the easiest
thing in the world to chip off a spike or
lwo inadvertently when the head 18 beang
removed or is on the bench for attention.”

We walked over to the bench where there
was, 1n fact, a dismantled cylinder head
and all the other major components that
make up the racing power unit. ** Elektron
crankcase, gear case, and covers,”’ I men-
tioned, *‘ Yes,” said Matt, ‘' Greatest
strength-to-weight ratio among the suitable
materials available.™

Immensely Rigid

Ag I picked up the crankshaft, Jock gave
a running commentary on its features.
* Forged steel and machined from a solid
billet.  Nitrided journals for the plam,
indium-flash, shell bearings at the big-ends
and at the middle, Caged roller bearings
tor the outer mains in the crankcase. The
middle bearing is 13 diameter and 1zin
wide, 1s flanged, and locates the crankshatt
laterally. The shaft is 1mmensely rigid,
and experience has shown that the middle
bearing 1s only lightly stressed.”” Matt
Wright chipped in with, ** Principal func-
tion of the middle maimn bearing seemns to
be to connect the oil supply system with
the crankshaft!™

West, continuned. ‘* The crankshaft is
carefully balanced, of course, but final
setting of the balance ratio i3 obtained by
means of those three holes in the periphery
of each bob-weight between the middle
main bearing and the big-end bearings.
Each hole behind 1ts sealing Allen screw
plug has detachable weights. In praclice,
the very best results are obtained by vary-
ing the balance ratio to sull the engine
when 1t 18 bolted <in the frame, notwith-
standing apparently identical engiges and
frames. The balance alterations can be
made guickly by removing the crankease
sump when the bob-weight Allen screws
are exposed.”

Plain bearings of similar type to that
which supports the middle of the crank-
shatt are employed at 1ts big-ends.
Diameter 18 1i%in and width 1s Zin. Con-
necting rods are in forged R.H.56 light-
alloy and, at the small ends, operate divect
on the gudgeon pins. The nuts for the big-
end cap clamping bolts are splined on tho
outside to take a special key. *“Why?"”
I mqnired.

“The key is just as effective for tighten-
ing or loosening the nuts as a socket spanner
on a hexagon,” replied Matt Wright.
“The advantage 1s that the outside
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diameter of the splined nut can be smaller
fora given strength factor than a hexagon,
Hence a smaller cutaway is necessary in
the con. rod to accommodate the nut.”

‘The Hepolite forged alumininm-alloy
pistons have a full skirt, are domed, and
provided with valve clearance flats, Each
piston carries two {in wide compression
rings with straight-side gaps and one
slotted scraper ring. Gudgeon pins are in
case-hardening steel, measure Zin in
diameter, and are taper ground internally.
Round wire circlips are employed.

A rectangular sump 1s bolted to the
base of the crankecase. This sump is
ribbed externally and internally to assist
cooling of the oil. Cylinders are separ-
ate. Kaeh eylinder is an aluminium-
alloy easting with a shrunk-in iron liner
which protrudes at the base and is sunk
in the mouth of the crankecase for 12in
of its length. There are cutaways to
clear (he connecting rod. Finning is
longitudinal and is 2in deep at front and
back (or, rather, top and bottom with
the horizontal eylinder layvout), but is
shallower at the sides.

The cylinder head is a one-piece light-
alloy easting, which iuc{ur.lea the
two heomispheres for the combuslion
chambers, and includes the valve-spring
wells—one for the inlets and one for Lhe
exhausts, Inlet-valve seatings are austen-
itie iron and the exhausts are bronze:
they are all shrunk in.

Spike Finning

" That eylinder head casting is a mag-
nificent pilece of work,” said Jock Wesl.
“Bpike finning at the top of the head
gives the grealest possible surface area
and is especially suitable for facing for-
ward into the air stream. There is a
ground joint between the tops of the
spigots and the recesses in the head.”

Lxhausat valves are of the sodium-
filled type, in K.E.965 steel, and
have %in diameter stems. Inlet valves
in the same material (bul not sodium-
cooled) are Zin less in diameter at
the stem, but are wider. across the
head. The bronze valve guides are a
preas fit im the head, and locate the
valve-spring base plates. Valve-springs
are of the duplex, overlapping hairpin
type and exert 100 1b pressure with the
valve on its seat. Split collets retain a
collar around each valve stem. This
collar has a deeply serrated periphery,
and the eight male serrations bear on
another collar in whieh the overlapping
ends of the valve-springs seat; this
arrangement allows the valve to turn.
“This turning of the valve results in a
lower mean operaling temperature,” ex-
plained Matt Wright.

To each valve-spring well is bolted an
Elektron cam box. Mounted in five lin
diameter 1roller bearings with split
duralumin cages, the camshaft is turned
from a solid forging in case-hardening
mild steel. The shaft is hollow, and its
weight is only 12 oz, “To keep this shaft
rigid it is .necessary to support it with
five bearings,” explained Joek. “ To re-
duce the number of bearings would make
it necessary t0 have a heavier shaft,
which means higher inertia and a greater
load on the driving gears—a matter of
some 1mportance.”

Operating in duralumin guides, the
tappels are hollow and are specially de-
signed for hight weight. The tappets carry
pressed-in, hardened contact pads, and
clearance between a pad and the valve-
stem 18 adjusted by shims under the
head of the pad. The head is threaded
externally to take an extractor. (Mear-
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Close-up of the compact
twin-cylindey engine-gear
unt

ance 18 measured with a
gauge inserted through a
hole (fitted, of course, with
a detachable cap) in the
wall of the eam box. Ad-
justment of the mesh of the
driving gears is obtained by
shim -gaskels between the
face of a cam box and the
appropriate face on the
cylinder head.

There are, in all, eight 3in
wide spur pinions in the
drive to the two camshafts.
First, there is the half-fime
pinion on the crankshaft.
then two  intermediate
pinions, then a larger pinion
where- the drive branches to the two
camshafts. Meshing with this large
pinion is, for each camshaft, an inter
mediate pinion driving the pinion on the
shaft. Pinions have roller bearings
which operate on spindles held by the
back half of the Elektron gear cover
and an outrigger support plate. Each
pinion 18 statically balanced.

The intermediate pinion meshing with
the ecrankshaft half-time pinion also
drives yet another pinion—the one on
the pump shaft. This pump is of the
duplex gear type and of high capacitly:
1t passes 45 gallons an hour at 7,000
crankshaft r.p.m. The main supply is
through a Tecalemit fabrie filter, thence
to the middle main bearing. At the bear-
ing, the oil enters the erankshaft and
emerges through the big-end journals.
Pistons and small-end bearings are lubri-
cated by oil flung out from the big-ends.
At the drive end of the crankshaft is a
ported crankcase breather.

Impinges on Cams

In the erankcase sump is a scavenge
pumnp driven by a shaflt and skew gear
on the supply-pump shaft., This gear
pump picks up the oil whieh drains
down into the sump and returns the oil
to the tank.

The secondary supply from the duplex-
feed pump forees oil to the cam boxes. In
each cam box housing is a gallery from
which, through detachable jets, the oil
impinges on the flanks of the cams. A
vertical tube drains the oil from the
upper (inlet) eam box to the lower (ex-
haust) cam box, from where a secavenge
pump at the end of the camshaft forces
the oil back to the tank. Ilowever. in
the external return pipe is a banjo union
above the gear box, aud a by-pass with
an adjuster from this union leads a sup-
ply of oil, by means of a nozzle, into an
annular groove at the back of the teeth
of the gear box sprocket. From this
roove oil flows outward under centri-
ugal force through holes with outlets
in the hallows between the teeth, and =o
Iubricates the chain. *“ This semi-posi-
tive Inbrication of the rear chain works
so well,”” mentioned Matt Wright, ** that
chain adjustment is rarely necessary
and wear is negligible.”

The magneto 1s mounted just in front
of the oil-pump and is driven by a pinion
on the pump shaft.

Transmission from crankshaft to gear
box mainshaft i1s by means of gin wide
spur gears giving a reduction of about
0.7. The gears are enclosed and lubri-
cated ; in fact, the gear cover earrics Lhe
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drive-side main bearing. Jock West then
did some talking. °‘‘The gear box main-
shaft gear has an integral shock-absorber
which takes the form of curved coil
springs interposed between a cenlre
spider and the gear boedy. This device
iIg a comparatively new addition, as
originally the design did not include a
transmission shock-absorber.

“You will note that the cluteh is re-
mote from the gears—outside the gear
casing. It is weﬁ out in the draught for
cooling, The cluteh ecase is machined
from a piece of solid forged steel. There
are 20 grooves in the case to take the
tongues of the driving plates, and 24
grooves in the centre unit for the tongues
of the driven plates. This high number
of contaect tongues spreads the heavy
torque loading.”

Supercharging ?

o1x  springs by means of deep
thimbles in the orthodox manner, bear
on the light-alloy outer plate, which is
Ireely drilled for further lightness. The
operating thrust rod passes through the
gear-box mainshaft and has a head bear-
g on a ball thrust race at the operating
lever end.

“Yes, the gear box is more or less
orthodox in design,” continued West,
“exeept for the faet that the rear-drive
sprocket is on the right-hand side, and
roller bearings are employved (fairly
freely. For example, the layshaft has
caged roller bearings at both ends:
s X zIn rollers support the mainshaft in
the top-gear sleeve; needle rollers are
employed for those pinions (ree to rotate
on their shafts.

“To give rapid gear changes, alternate
dogs are cut back at the ends. Gears
are selected by a normal, double pawl,
positive stop, fool-change mechanism.”

My parting shot was definitely fishing,
I know, but it had to ecome. “T see the
top of the gear box casing is cradle-
shape. Obviously that ecradle was in-
tended to house a smpercharger driven
from the ar box mainshaft rear.
Wouldn't it be fun to clamp a blower on
and have a crack at a few more track
records—you know, those thal are pretiy
well impossible with an ‘atmospheric’
engine? "’

“Yep, it would bhe fun all rieht,”
agread Matt., ** But theyv tell me there's a
T.T. 1 June, which isn't so far away for
the ‘amount of work I've got in mind.”
Then Joek joined in. * Come and have
a cup of tea, Harry, before vou get going
on that theme and sabotage the T.T.
effort | "




