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The myths, facts and mysteries of the slippery stuff that keeps your engine happy

ere’s the bot-
tom line on

motor oils:

You really
can‘t go wrong by
following the rec-
ommendations giv-
en in your owner's
manual. Your mo-
torcycle’s maker has
dyno-tested its
engine with a crank-
case full of the spec-
ified oil, or one with
the same American
Petroleum Institute
(APl) rating. You
can be sure that par-
ticular oil will do
the job. Will it do
the job better than any other oil? Will it still do the job if the
engine is no longer as its manufacturer made it? Not neces-
sarily, as you will learn by reading further.

The API's ratings once went from “SA” (guaranteed to be
oil}) through the alphabet to “SE,” and was extended to
“SE/CC" (you can't drive a nail through a film of this stuff).

Today the API has fewer performance grades, only “SH”
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and “SG” for spark-
ignition engines,
with an “SH/CD"
rating for oils good
enough to be used
in  passenger-car
diesels. The motor
oils bearing these
APl markings have
been test-certified
for today's engines,
which are in turn
constructed with
these oils in mind.
You should be
aware that motor
oils are now being
compounded not
just for lubrication,
but to improve fuel
economy as well. Oils have always been compounded with
a thought for fluid drag; this is the first time it has been
made a priority. The APl has two fuel economy ratings:
“Energy Conserving,” for motor oils that vield a 1.5 percent
reduction in fuel consumption as compared with a refer-
ence oil; “Energy Conserving 117 is an oil that provides a

2.7 percent drop in fuel consumption.
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As you might expect,
energy conserving oils’
drag reduction benefits
also show up as increased
horsepower, Both thermal
and mechanical losses di-
minish the power liberat-
ed in the combustion
process on its way to the
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output shaft. The work of
pumping air in and out of
the engine accounts for
the majority of the me-
chanical losses. The rest
is mostly lost to fluid drag
on the piston, which is,
all other things being
equal, largely a function
of oil viscosity.

Friction exists even in
the absence of actual
contact between opposed
surfaces. The cylinder
wall’s oil film normally
prevents it from being
touched by the piston, but
it is itself a source of friction, if we take
that to mean resistance to relative mo-
tion. Millions of molecules on each
side of the gap try to stick together but
get pulled apart. The sum of millions of
molecules” minute resistance to separa-
tion comprises viscous drag, the source
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Gastor ofl clings to metal with
SUch lenacity it cannol be removed
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of most friction in a running engine,
Viscosity aside, the most important
property of an oil is that it be “oily.” In-
trocducing any liquid between a piston
and cylinder wall, for example, will re-
duce friction between the two surfaces.
The degree to which friction will be re-
duced is, broadly speaking, a function
of the liquid's viscosily. But maple
syrup and motor oil of essentially iden-
tical viscosity do not lubricate equally,
as you can discover by rubbing samples
of each between thumb and forefinger.
If “oiliness” were the only quality to
be considered in choosing motor oils,
we'd be squeezing all of ours from cas-
tor beans. Castor oil, the smell of which
once perfumed the air at motor races, is
the oiliest of oils and it remains in some
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respects the supreme lubricant. It does
oxidize too readily, however, forming
ring-sticking gums and varnishes, and
daubing fouling deposits on spark plugs.
In a running engine, castor oil goes right
to work gluing piston rings in their
grooves and slathering gum and varnish
everywhere, You wouldn’t
want it in any engine that can
survive without its help.

But castor oil, a mixture of
ricinoleic and triricinoleic
glycerides, plus 10 to 12 per-
cent of other fatty acids, re-
mains one of the best lubri-
cants for two-stroke racing en-
gines. Castor oil clings to
metal with such tenacity it cannot be re-
moved except by machining.
It is an exceptionally effective
film lubricant.

Oil forming a hydrodynamic
wedge between suriaces keeps
pistons and bushing-type bear-
ings from melal-to-metal con-
tact. Viscosity pulls oil be-
tween a moving piston and the
adjacent cylinder wall, or a
shaft and bearing, and pressur-
izes the gap. This pressure in-
creases with viscosity and speed, and in
a well-designed engine almost totally
prevents scrubbing contact.

The qualifyving “almost” is needed be-
cause hydrodynamic action is not pre-
sent in an engine at start-up, and it col-
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B This diagram illustrates
the protective “hydrodyna-
mic wedge” of oil that forms
between a spinning shaft
and an adjacent bushing.
MNeote that as the shaft spins
(clockwise in this diagram),
oil is “pulled” inte the gap
(on the right) due to the
lubricant’s viscosity. Note
also that the oil film pres-
sure becomes highest at the
point of minimum clearance
{and maximum load), thus
preventing metal-to-metal
contact.

lapses around the pistons
and rings at the ends of
their strokes. Under these
conditions parts are pro-
tected only by film lubri-
cation, which is provided
by the dipolarity of oil
molecules. The mole-
cules behave like tiny
magnets and adhere to ferrous metals
and each other.

One of the great improvements in
motor oils came circa 1950, when the
detergent/dispersant additives devel-
oped for diesels came into more gener-
al use. Alas, these brought with them
unfortunate consequences for old,
high-mileage engines. In those, the de-
tergents sometimes dislodged great
clots of oxidized oil filth to clog filters
and oil passages. Engine failures
caused by detritus liberated in this
manner put additive oils in bad repute,
with the result that a few people still
buy and use straight non-additive oils,

The first oil additive was probably
the spoon of sulfur old-time truck oper-

fhe first oil additive was probably
(e spoon of sultur old-lime (ruck
operalors (ossed inlo axle and

(ransmission housinags.

ators tossed into axle and transmission
housings. The sulfur reacted with gear-
tooth steel to give the gears an iron sul-
fide surface film. The film was impor-
tant because the relative speeds be-
tween meshing gears is too low to form
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a fluid wedge strong enough to resist the
extremely high gear-tooth loads.
Engines also have points at which
loadings can exceed the carrying ca-
pacity of the fluid wedge. Take the tiny
contact area between the exhaust cam
and follower, tor example. The load
there rises to roughly 1500 pounds for
each ounce of valvetrain weight at high
engine speeds. Full throttle adds 80
pounds of load for each square inch of
valve head area, meaning the load fo-
cused on the cam/iollower contact
patch can reach pressures in the order
of 20,000 pounds per square inch.
Cams would have to spin faster than
they do (half crank speed) to work up a
fluid wedge capable of carrying such
high loadings. So the job has to be done
with film lubrication, which means a
maore viscous oil, one with special prop-
erties (castor), or an kExtreme Pressure
(EP) additive. It's obvious that film lu-
brication is important; where some of
us go wrong is in leaping to the conclu-
sion that those who compound motor

B Motorcycle manufacturers do an exten-
sive amount of testing with various lubri-
cants; don’t try and out-think the engi-
neers by using an oil with an API rating
not specified in the owner’s manual.

oils have overlooked this very point.
Dealers” accessories shelves usually
have a selection of flasks filled with lig-
uids | call “mouse milk.” This stuff re-
duces the friction in vour wallet enough
to make money slip out of il, but may
not do anything else. About the best
yvou can hope for from mouse milk is
that it will either be more of the same
additives already in good-quality motor
oils, or at least not get in the way of the
additives that do something useful.
Film-condition additives usually are
chemically and/or thermally reactive.
The sulfur- and phosphorous-based
compounds react with iron to form slip-
pery iron sulfides, as previously noted,
or wear-resistant iron phosphides. Fatty
acids, like those in castor oil, react with
iron to make low-friction iron soaps.
Thermally reactive “liguid metals,”
like molybdenum dithiophospate, are
oil-soluble chemical compounds;
molybdenum suliide, on the other
hand, is a cheap dry-slide lubricani
sometimes used in greases. If yvou put
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rous compounds degrade catalytic
converter periormance, so the feds lim-
it the amount of additives like zinc
dialkyldithiophosphate in motor oils.
But in nearly all instances there is
enough to last from one oil change to
the next.

In the vears before we had effective

micron-level air and oil filtering, abrasive
engine wear was a problem. The typical
spark-ignition engine sucks in 10,000
gallons of air for every gallon of fuel it
consumes. If vou don't filter that air, it
carries grit into your bike's engine post-
haste. The larger particles do little dam-
age unless they get caught between a

B Should one component of your engine’s
lubricative system fail, damage like this
destroyed rod bearing will result. This
failure was fortunately caught early, be-
fore imminent catastrophe occurred.

MOS or other dry-slide lubricant pow-
ders like colloidal graphite in motor
oil, these solids may settle or filter out.
Worse, they may become a barrier
blocking the more effective reactive
additives,

The liquid metals dissolve in oil, like
salt in water, and remain in solution at
all normal engine operating tempera-
tures. But when friction heats the liquid
metal compounds they come apart and
their metallic component is plated on
the hot spol. This stops the most potent,
least obvious wear process in today’s fil-

The role of lquid melals IS
both (o interiere with
riction welding, and o

sacrifice itsell to (he wear
(hal otherwise would
devour engine parts.

ter-protected engines: direct, scrubbing
contact between a cam and follower,
gear teeth, elc. This contact results in
wear largely due to friction welding:
Friction melts pinpoint areas of metal on
both sides of the contact area, and they
weld themselves together. These minute
welded particles then break away, and
after enough of them are carried off by
the il, the part needs replacement.

The role of liquid metals—usually
molybdenum, tungsten or zinc com-
pounds—is both to interfere with fric-
tion welding, and to sacrifice itself to
the wear that otherwise would devour
engine parts. Uniortunately, phospho-







