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It’s fairly easy to come up with
two or three names when asked
which motorcycles use a “dry”
clutch. Ducati is the obvious choice
for current production bikes, while
good ol’ Harley-Davidson has
employed them in the past
on basically everything
they built, right up until
the advent of the 1984 
Evo Big Twins, and Sport-
sters starting in 1971. 
On the other hand, try to
name a car that uses a 
wet clutch. A little harder,
isn’t it? Course, come to
think of it these days, it’s
relatively hard to name a
car that uses any clutch, at
least attached to a manual
transmission. Since 97
percent of all new auto-
mobiles, SUVs and even
trucks are equipped with
automatic trannys, it
wouldn’t seem there’s
much of a relationship
with our beloved motor-
cycles, 99.9 percent of
which are as manually
shifted as manual shifting
gets. Even high-end exotic
sports cars using trendy
“paddle” shifters (alleged-
ly borrowed from Formula
One racing technology)
actually owe much of the
fundamental concept to
good old foot-shifted
motorcycle transmissions.
They just use computers!

The so-called “posi-
tive return” foot shifting
mechanisms we take for granted, like
everything else, had to be invented.
After all, they weren’t exactly born
with the motorcycle itself, back
before the dawn of the last century.
Gated tank shift or jockey shift
machines were the order of the day
on both sides of the pond from the
very beginning right up until about
three decades later, when a young
fella named Goodman came up with
the foot shift mechanism as we know
it today. Originally, it was an idea
born of trying to gain an advantage
in—you guessed it—racing. Thing is,
the whole shebang was such a quan-
tum leap in convenience and safety
that in virtually no time practically

every manufacturer had converted
production to foot shift… except in
the U.S. of A., where the contraption
took nearly another 20 years to show
up regularly, then 10 more to become
as universal as it is today.

What you have with a foot-
shifted manual transmission on a
motorcycle is a situation where, rela-
tive to automotive stuff, there’s a
whole lot more power, yet a fraction
of the inertia involved in the delicate
dance of quick, precise shifting. The
clutch, in other words, has a tricky
job. Whether wet or dry by design,
the issue is always to get the rota-
ting masses it couples to disengage
instantly, then engage them again
even more quickly—and no matter
how much power it’s asked to han-
dle or how brutal and ham-fisted 
the operator—never, ever slip in 
the process. Can we all agree on
that? Fine.

Well, howzat friggin’ work, any-
way? Most of us know little or noth-
ing about this device we count on to
make the ride and occasionally save
our ass. Oh, we might have an ink-
ling of the bit where the spring(s)
keeps all those plates held tightly
together until we pull the lever and
once we do they all separate slightly
to “unhook” the transmission from
the engine through the primary
drive. But, if you had to guess, what
would you suppose the biggest issue
regarding effective and efficient
clutching might be? Or, for that mat-
ter, how to achieve it? I’ll give you a
hint—it really hasn’t got all that
much to do with spring tension.
Want another hint? Most all clutches

are comprised of several plates, of
dissimilar materials, so ponder why
that should be. (Right now, you’re
thinkin’ it’s all about friction and
tension and such, aren’t ya?) Tell 
ya what—even though friction and
tension are certainly part of the 
deal, let me put things a little dif-
ferently, to see if it helps. A clutch
in the course of its daily duties has 
a lot more in common with a brake
pad than a shock absorber or even 
a tire—even though brakes only 
deal with friction and tension in
short bursts, and don’t operate 
in fluid. 

Got it now? Sure! It’s freakin’
heat! That is the 800-pound gorilla! 

Certain characteristics are
required of the materials used in a
wet clutch to get it to perform effec-
tively. The one we all talk about most
is the coefficient of friction. Sure,
that makes a difference if you get it
all wrong, but fundamentally the
ability of a wet clutch to absorb a
shock and not deform—under
extremes of heat—are considerably
more critical issues. 

In essence, torque control of
rotating masses through a clutch
immersed in fluids has three phases.
Phase #1 is the initial application—
where plates are separated yet can
act a little like a viscous coupling,
being immersed in primary fluid as

they are, by transferring
torque through sheer
pressure of the liquid. In
phase #2, believe it or
not, as plates begin to
engage mechanically,
some torque still goes
though the liquid while
the plates are reacting to
one another and making
plenty of heat in the
process. Phase #3, as 
you might imagine, is
when the clutch surfaces
finally make complete
contact and so-called stat-
ic friction is achieved.
Point being, during two
out of three phases of
actual operation, the fric-
tion bit is an insignifi-
cant factor. In fact, clutch
“chatter” or “shudder” is
really oscillation between
static and dynamic fric-
tion conditions. All this
“slip to stick” and “stick
to slip” stuff comes under
the general heading of
“stiction” and once you
realize this is what’s
going on, you can better
control it. Beginning 
with the notion that heat
(through stiction) is gen-
erated primarily during
phase #1, phase #2 and
the first microseconds 

of phase #3—before static friction
takes over—you realize that heat is
the real “killer” of all clutches. If
heat is not managed by design and
materials choices in the clutch sys-
tem, the system just ain’t gonna get
it done… at least, not for long, or
very well.

It follows that one of the primary
“tuning” elements in a wet clutch is
the primary fluid. The choice and
blends of friction modifiers and
additives in this (ATF-like) stuff can
make more of a difference in many
cases than any changes in materials
or springs ever could. But this whole

Continued on next page

Kinda, sorta what really happens when you drop the hammer. As you can see, there’s a lot going on as the clutch
slides home, and most of it revolves around dynamic stiction (not coefficient of friction), resulting in heat and shock
loads that spike notably during the peaks of each phase. Often ignored in favor of other (more comprehensible) stuff
like stiff springs and trick plates, one of the biggest variables of the bunch in a wet clutch is the fluid used. Something
suitably viscous, temperature-stable and likely to play well (in terms of absorption) with friction materials is of prime
importance for proper clutch function. (It’s just one reason most hot rod clutch setups require some initial plate “soak-
ing” before they can be put into service.)
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fluids and friction materials thing is
really a symbiotic duet, each one’s
function dependent on the others for
great performance. “Materials”
doesn’t just apply to the friction
plates either. Even the surface finish
on the steel plates, as related to fluid
retention (and heat rejection), is
important. The object of the game—
in metal plates, spring choices, flu-
ids used and lastly, friction materials
on drive plates—comes down to
controlling stiction in the confined
fluids and maintaining all these good
properties at variable and extreme
levels of heat! 

Yeah—before you even ask—
heat endurance is way more critical
when bunches more horsepower and
torque are applied to the clutch sys-
tem. Simply put, as performance
requirements increase, it becomes
necessary to “match” the friction
characteristics and durability of the
clutch facing materials. That’s kind
of where (and why) picking a high-
performance clutch can be daunting.
Sure, discounting drag race stuff like
all-metal clutches and “lockup”
setups, it’s mostly down to “alterna-
tive” friction materials and/or so-
called “extra plate” kits for most of
us. But what about those materials?
Relative to traditional, organic
“stock” plates, something like
Dupont’s Kevlar clutch linings will
survive at much greater levels of
heat and still be user-friendly on the
street. That’s why practically every
source for H-D clutch plates sells
something that uses Kevlar. Carbon
fiber used in friction compounds 
as an “additive” (meaning rarely
offered in its purest form) raises the
heat (and consistency) ceiling even
higher, but not always without a dark
side. Truth is, each compound has
perks and quirks.

Clutch characteristics
• Organic—Metal-fiber woven

into “organic” (actually CF Aramid
with other materials), original-
equipment style. Known for smooth
engagement, long life, broad oper-
ating temperature, with minimal-to-
no break-in period. Will take fairly
hard use, but somewhat intolerant 
of repeated abuse. Will overheat, 
as in intentional slipping and such,
but, once allowed to cool, will 
often return to almost full opera-
tional condition.

• Kevlar—A high-durability
material more resistant to hard use
in the first place, but less likely to
come back after too many episodes
of abuse. Engagement is similar to
organic, but may glaze slightly in
stop-and-go traffic, resulting in slip-
page until worn clean when used
hard again. Higher temp range in

general, but can be ruined from
overheating—will not return to ori-
ginal characteristics if “cooked.”
Often has a break-in period of
500–1,000 miles during which slip-
page may occur. Care must be taken
during this
period not to
overheat
from exces-
sive slipping.
Due to the
unforgiving
nature of
Kevlar, it is
not usually
the best
option for
bikes that 
see frequent
stop-and-go
traffic, which
can cause
surface glaz-
ing of the
clutch. Seg-
mented
plates (same
material and
characteris-
tics as “solid” Kevlar, but with
“grooves” cut out or sections miss-
ing for better heat dissipation) 
may also result in shuddering or
“stepped” engagement when used 
in traffic situations. (Barnett and
Energy One are the best known pur-
veyors of these and have done well
minimizing the quirks.)

• Composites—Carbon fiber/
ceramic/organic—occasionally,
organic material on one side and a
carbon/ceramic/organic “matrix” of
compound material on the other—or
more usually on both sides. This is
where things are most confusing for
us, since clutch manufacturers guard
their specific compound “recipes”
like the formula for Coca-Cola! The
idea is that well-matched composites
will help smooth the engagement,
yet offer far better and more consis-
tent resistance to high temps. (En-
gagement is usually much the same
as organic, but still plenty capable of
shuddering under certain circum-
stances.) Plus, carbon/ceramics will
wear pressure plates and other sur-
faces faster and usually just wear out
faster, period—especially in traffic
situations. All the same, you may
find a brand or type that works for
you. This type is often the best com-
promise of the bunch for high-power
clutch “upgrades.” 

• Carbon/Ceramic—Both very
high-temperature materials and
tough, though engagement is more
abrupt (some would say hair-trigger
or light switch abrupt). Will wear
surrounding clutch surfaces faster,
especially in traffic situations. Car-
bon is slightly more durable and
wear-friendly; ceramic has a higher

temp range. Friggin’ fabulous for
serious street/strip applications and
extreme load use on heavy bikes
with high power levels. Will take
very hard use, mostly in extreme
clamping applications like drag-

racing. (Talk to Barnett and/or Alto
about this, if you want to pursue it in
more detail.)

• Bronze Metallic—Only men-
tioned here because they are so 
brutal! As in most aggressive en-

gagement (quick and clean for 
the track) but shuddering horribly
when street-driven. Keeps things
alive in the clutch compartment a lit-
tle longer than iron racing clutches
and allows for reduced spring pres-

sures too.

• Sintered
Iron—Strictly for
high-horsepower
endurance and/
or drag racing,
where the action
is always hot!
With correct
pressure plate 
and setup, capa-
ble of extremely
high clamping
force. Engage-
ment is like a
switch, either 
on or off. Ex-
tremely high-
temperature ma-
terial but does 
not work worth a
damn when cold.
Additional high-
durability clutch

components required—standard 
stuff will be destroyed, quickly. As
long as you can handle what it
throws at you, it will handle all the
power you can throw at it… for a 
little while, anyway.L
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The idea here is to give you some sort of basic visual clue as to the inherent “optimum” oper-
ating temperature range and/or user-friendliness of respective clutch materials. Hopefully it’s
clear that there’s plenty of overlap in terms of most all choices for clutch compounds, save
the metal racing-only stuff. In the end, picking a material that will stand the heat in your choice
of operating ranges is the primary goal. But, once you decide whether you really need some-
thing more exotic than standard stuff, the next decision might simply be—“how much”?
Adding plates or swapping to clutch kits offering more surface area on each plate, rather than
switching to strange materials for their own sake, might be the best option of all. Of course,
there’s also the notion of adding a so-called “lockup” conversion to a factory clutch.
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