Crank

After the second failure, 1 began to suspect that something more than hard luck was involved.

Examination showed the breaks had started in the drilled
pil-way leading from the number-one main bearing out to
the adjacent rod journal. The oilway passed near the crank
web's surface at one point and had scored walls from hav-
ing been drilled too fast and forcefullv. Scored grooves
insicle the oilway were starting cracks, one of which would
then spread until the web ifractured through.

When drilling the roughness out of the oilway vielded
ambiguous results, | began thinking in terms of designing and
making a better crankshaft, “Why not#” | thought. | had a
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ears ago, one especially unsuitable engine I attempted to develop for racing broke
crankshafts in a little less than an hour of track time. The fracture always

occurred in the same web joining a main bearing and connecting-rod journal.

drawing board, paper
and access to a machine
shop with lathes big
enough to swing hillets
for cranks rar larger than
the one | envisioned,
What | lacked was
knowledge, which | set
about acquiring with my usual disorganized tlakiness. And
the first thing | learned is that there's a lot to know.

Ii you're willing to spend a lot of time dodging smoking-hot
metal chips in iront of a lathe, or pay someone else to do it,
making a crank is relatively simple. The less you know the sim-
pler it is. If vou don’t know anything, vou can start with a billet
of easy-lo-machine, low-carbon steel. Once vou do know some-
thing, vou'll carve vour crank from SAE 4340 or 5140 steel,
which is tougher and doesn’t cut as easily, The latter, 5140, can
be hardened by baking it in cyanide salts and quenching it in



shiafts

oil; not exactly a process you want to try in your kitchen, but
ane that works. Hardened journals will shrug off just about any-
thing that might happen to them in a running engine.

Cranks for series-produced engines are either cast or forged.
Cast iron is a little weak under bending loads, but it seli-
damps vibration and its journals resist scoring, Stronger cast
steel is used for
both cranks and
connecling  rods,
and is satisfactory for all but high-output engines.
Motorcycles mostly get forged cranks, usually without the
twisting inflicted on those made for automotive V-type
engines. Such cranks are forged flat, then twisted to move
their crankpins into position.

Maotorcycle cranks usually have more—and larger—counter-
weights than their car-engine cousins, hecause tew bikes (except
BMW and Moto Guzzi twins) have ilywheels. Old Triumph twins
and their like had substantial flywheels in their between-cylin-
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ders space instead of a center main bearing. The V-twin layvout
invites the designer to provide a pair of large flywheels. But the
ubiquitous in-line four is an array of small diameter flywheels
joined together with main bearing journals and crankpins.

Without exceplion, today’s in-line motorcycle engines
have main bearings on both sides of each cylinder. Fours,
for example, sup-
port their cranks
in five main bear-
ings—a big change from the old days. Most of the early in-
line fours had only two main bearings, one at each end of
the crank. The inadequacy of this arrangement became
clear when it was discovered that the unsupported crank
tlexed enough to let the pistons in cylinders two and three
sirike the underside of the cylinder head.

We have learned since those early days that crankcases
must provide the support for cranks, and not the other way
around. | saw awesome evidence of this in Yamaha's TZ350
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The splined end of this GSX-R750 crankshaft
is an attachment point for the engine’s timing

drive, which turns its camshafts.
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i This crank drives via a gear cut in the
web between the number-one crankpin

and number-two main journal.

engine, which had a stock RD3I50
crankcase topped by a water-cooled rac-
g cyvlinder block, At the TZ's level of out-
put, the RD crankcase flexing was such
that the crank’s outer main bearing races
scrubbed metal out of the iron bearing
Fousing inserts.

The most heavily loaded bearing in an
in-line four is the one between cvlinders
two and three., After its 1.5-liter V=16 GP
car engine bombed (an especially
apt simile), BRM went to an imag-
inative in-line four, BRM's engine
guv, Peter Berthon, minimized the
eriects of crankshaft twisting on
valve timing by locating the timing
drive next 1o the ilvwheel. And—oet
this—he solved the problem of middie
main bearing failures by eliminating thal
bearing allogether, leaving it o the
remaining four to carry the loads.

Modern motorcyeles” bore/stroke ratios,
mostly in the 0.7:1 to 0L8:1 range, make
tor strong crankshatts, Crankpins general-
Iy have diameters between 60 and 75 per-
cent of ovlinder bore, and a lenath slight

lv more than half their diameter. An in-
line four with 75mm bores would have a
crankpin diameter of, say, 50mm, and a
width of 28mm. Even in an engine wilh
bores set fairly close together, the main
bearing journals will fit under the width
required 1or two ovlinder liners, support-
ing walls in the block and water jacketing,
So the webs connecting the main journals
and the crankpin can have a width of

Roller bearings are in theory anti-friction,

but they do create drag within
themselves and elsewhere.

22mm, a generous plenty.

If the above hypothetical engine's dis-
placement is 1000cc, then its stroke
would be 56.5mm, which puts an offset of
56.5/2 (which equals 28.25mm) between
the main bearing and connecting rod
journals. If both journals have a diameler
of 50mm they will overlap 21.75mm,
meaning the crank would hang together
fairly well without needing any  webs
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% Both crankpins and main journals are
best hardened and ground te produce a
smooth finish. The chamfers where the oil
holes emerge from the journals minimize
the chances that cracks will start in the

hardened surface metal.

between journals.

I 'was for a time greatly taken by rolling-
clement anti-friction bearings on Cranks,
When vou don’t know anvthing (every-
one's starting condition—mine for longer
than is seemly), rolling looks much better
than sliding. And, in fact, if we could be
sure rollers would always roll, and cranks
alwavs crank and nothing else, bearing
¢ hoice would indeed be weighted in favor
of rollers. But, these conditions
are not alwavs met,

Roller bearings are in theory
anti-friction, but they do create
drag within themselves and else
where, These bearings’ line con-
tact creates extremely high unit-area
loads, causing the rollers to push a slight
rise ahead of them in their loaded race as
they proceed around. Further, because the
race cistorts unevenly, more under the
center of the load than at the sides, some
scrubbing occurs in addition to the
expected rolling,

Under crankshaft conditions, roller and
plain insert-type bearings produce essen-
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