® PISTON SEIZURE is the malady that
seems most often to strike off-road motor-
cycles. Sure, the active dirt pounder oc-
casionally will find himself fixing a busted
gearbox or spavined suspension, but if
he’s riding a bike powered by a two-stroke
engine it's the stuck piston he’ll come to
know best. It's a problem so familiar to our
desert enduro riders that they think of it as
being not much more unusual than spark
plug fouling. Indeed, some of the desert
rats are firmly parsuaded that piston stick-
ing is like measles: new or freshly rebuilt
engines should be exposed to mild sei-
zure early in life so they’ll acquire some
measure of immunity to the ailment in
their maturity. It is expected that a new
bike’s engine will, in their words, “tighten
just a little,” while sipping its first three or
four gallons of fuel and that thereafter, if
the piston hasn’t over-tightened, it will be
ready for action.

We will agree that a partial seizure does
produce enough piston/cylinder clear-
ance to accommodate all but the ex-
tremes of piston expansion. But we also
view it as an unnecessarily harsh, even
brutal, means of shaping a new piston to
suit its bore—about like driving a spark
plug home with a sledge rather than
screwing it into place. There is a better
way of getting a two-stroke engine bro-
ken-in and ready for active duty, and there
are small touches you can add to a top-
end rebuild that will make your bike run a
little quicker and a whole lot longer. in
fact, (and some of you aren't going to
believe this) it is possible to make most
two-stroke engines so reliable they’ll keep
running in perfect health until their rings
wear out--and then need nothing but
fresh rings and decarbonizing to be ready
for another season. Sound improbable? It
isn’t, as you can discover by heeding the
following warnings and advice.

Let us first lay to rest the widely held
notion that two-stroke engines won't seize
if their pistons are fitted with a lot of
clearance, or given that clearance by
being hammered during break-in to the
point of a slight seizure. Neither of these
ideas is valid, though the latter—if you get
lucky—comes close. In reality, a really
loose fitting piston is the kind most likely
to seize. Researchers in Japan found that
a 66mm x 64mm two-stroke engine mak-
ing 33 bhp with its pistons fitted at the
manufacturer's recommended .002-inch
would produce only 30 bhp after the
piston/bore clearance was opened to
.004-inch, and the engine seized after a
few minutes of running. A further increase
in clearance, to .006-inch, dropped this
engine’s power output down to 27 bhp—
18-percent down from its tight-piston
peak—and caused it to suffer an almost
immediate, very severe piston seizure.
Also, lest you think this was only a iabora-
tory exercise and without parallel in the
“real world,” be advised that road racing’s
sharper tuners have found the same to be
true on the race track: a Yamaha TZ750
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Doing it right will give you better performance, and more miles
before you have to do it again. By Gordon Jennings

with pistons fitted to very close .0001 é— to

.00018-inch clearances will run faster and
more reliably than one that’s a little loose.

You are entitled to wonder why a tightly
fitted piston should give a horsepower
edge and have a lessened tendency to
seize? After all, it does seem that a tight fit
would produce more power-reducing
drag—and leave less space for piston
expansion. The explanation for this ap-
parent contradiction lies in the areas of
sealing and cooling. Combustion cham-
ber temperatures commonly are around
3500°F., well above the melting point for
aluminum-based piston alloys, and the
reason pistons don't melt is that they are
able to lose heat into the cooler cylinder
walls. Heat transfer from the piston out
into the cylinder is more rapid when the
adjacent surfaces are in very close con-
tact. Equally important, tightly fitted
pistons provide a vastly better gas seal
than those even slightly loose, which
means they have a smaller volume of
high-temperature gases leaking down
past their skirts. Both the heat-transfer
rate and volume of gas leakage influence
power, and the tendency to seize. Heat
radiating down from the underside of the
piston raises the temperature of the air/
fuel charge in the crankcase; combus-
tion-gas leakage heats and dilutes the
charge; both heating and dilution thin the
charge ultimately trapped in the upper
cylinder and cause a reduction in power.

Interestingly, it is not thermal expansion

that causes piston seizure nearly so much
as it is a failure of lubrication. To a great
extent the outward expansion of the
piston in its cylinder has been made a self-
limiting process. A correctly fitted piston
quickly expands to assume what virtually
is a zero-clearance fit in its cylinder as the
engine comes up to working temperature.
Then, close contact having been made,
heat transfers from the piston out into the
cylinder walls fast enough to keep it from
getting hotter and expanding more. There
is a balance, and it is one riqt seriously
effected by throttle or load. ce the
piston is in contact with the cylinder both
expand and contract with the changes in
temperature that come with variations in
throttle and, for that matter, cooling air
velocity. Many years ago this balance
existed only within narrow temperature
limits, due to the great differences in the
thermal expansion rates of ordinary cast
iron and the aluminum piston alloys then
available. Today, meétallurgists have all
but eliminated the once-broad iron/alu-
minum expansion differential, and piston/
cylinder bore running clearances can be
maintained under all but the most abnor-
mal of operating conditions. The limit can
be exceeded by doing a-mile or so in deep
sand at full throttle, full load, and with
hardly a breath of cooling air passing over
the cylinder. It can also be passed if an
engine begins to detonate, which will put
heat into a piston faster than it can be
transferred to the cylinder. But under any-
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Sand-cast ports! interiors are rough, and will flow
better when their walls are smoothed by filing.

Polishing isn't necessary, only a smoothing of casting
flaws and a correcting of mismatched edges.

and expansion enough to make a piston
seize? Does a bear growl in the woods?
Without that tight fit we've been talking
about, fire will leak down around a
piston’s skirt and it definitely will be sei-
zure-prone. Forced break-in can leave a
piston too misshapen to seal properly,
giving a replacement piston an “extra
couple of thousandths just to be safe” has
the same bad effect. The result in either
case will be an engine with a self-destruc-
tive eagerness to seize, repeatedly, with
each successive seizure being worse
than the one before as the piston be-
comes progressively looser.

Sadly, proper fitting of an engine’s
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Roughness around the transfer entry tends to block flow up into the cylinder.
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It's especially important that an exhaust port's walls
be smooth, but don't thin the bridge. :

You can remove enough metal to match port/man-
ifold edges; changing port shapes asks for trouble.
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piston is no iron-clad guarantee of iong-
term reliability. Most new engines will give
good service if they get a nice, gentle
break-in, but sooner or later they’re going
to need a top end rebuild. Mostly, the time
for rebuilding can be termed “sooner,”
because the average motorcyclist does
much better as a rider than he functions
as a tuner. Riders commonly try to use
spark plugs one or two heat ranges too
cold, then switch to smaller carburetor
main jets and/or mix less oil with their fuel
in an attempt to avoid plug fouling. Many
also cling to the wholly erroneous belief
that lots of ignition advance is the shortest
road to more performanee. So we have
plenty of off-road bikes running with lean
mixtures and advanced spark timing, ei-
ther of which is a powerful initiator of
detonation, (the great melter of pistons)
and these bikes often get exceedingly thin
lubrication. In light of all this, it is surpris-
ing that the seizure rate isn’t higher, and
that even more time isn’t being devoted to
rebores and the fitting of new pistons.
Things being the way they are, many of
you will soon (if you aren’t right now) be
doing a top end rebuild. It is even possible
that what we've said here will persuade
you to fit that nice, expensive new piston
to manufacturer’s specifications. Do that,
and you'll be a long jump ahead in the
reliability game. But getting the piston/
cylinder bore clearances right is only half
the rebuild job; there also is the matter of
smoothing around the port window

Work inside the transfer tunnels is most difficult, but also most effective.

edges, which is something nearly every-
one either neglects or does wrong.

You probably will have noticed that new
cylinders for two-stroke engines have
small bevelled chamfers ground around
the edges of their port windows. This
chamfering is done to protect the piston
rings, which are pulled past the port win-
dows as the piston unmasks and recloses
the ports. Without the chamfers there
would be virtually a knife edge surround-
ing each port to shave material from the
sealing faces of the rings. At one time it
was common practice to make all the port
windows rectangular, and—as rings
would bulge slightly out into the wide
exhaust port—generous chamfering was
needed to keep the rings from actually
snagging and breaking. Today’s cylinders
have arched, ellipsoid shapes for any
windows wide enough to create a snag-
ging problem, and chamfers no longer
serve their once-important function of
coaxing piston ring$ back into their
grooves. But manufacturers still are faced
with the problem of breaking those sharp
port-window edges, and chamfering is the
method still used simply because it is
quick and does not require more skKill,
care and finesse that the average factory
worker can be expected to give.

Because port chamfers are very shal-
low, they usually get removed in the re-
boring process, leaving you with a full set
of knife edges around the port windows.
You may think that this merely presents a
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