Up To
Standards\

Clutch Technology -
the Real Deal

By Mike Weinberg
Contributing Editor

ne of the most-common re-
pairs performed by trans-
mission and general-repair

shops is clutch replacement. The
clutch is a high-wear item that
must engage and disengage hun-
dreds of times a day. It is subject to
a lot of driver abuse; vehicle over-
loading: wear and failure of link-
age, hydraulics and powertrain
mounts; and contamination from
oil leaks in the engine or transmis-
slon.

Most shops understand the ba-
sics of quality clutch replacement,

which starts with using a quality
new clutch set consisting of a pres-
sure plate, clutch disc, release bear-
ing and pilot bearing; replacing or
resurfacing the flywheel; adjusting
or replacing any worn components,
either hydraulic or linkage, that op-
erate the clutch; and resealing any
leaking engine or transmission
components. What is not common-
Iv understood is the complexity of
the design and engineering that go
into producing a quality clutch, and
this leads to difficulty in diagnos-
ing clutch problems.
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There are two basic pressure-
plate designs: coil spring and di-
aphragm spring. The coil-spring
design uses three or four levers to
actuate a series of coil springs that
provide the clamp load to hold the
clutch disc to the flywheel. The di-
aphragm-spring design uses a slot-
ted Belleville spring to provide the
clamp load.

The coil-spring design basically
has been discarded for most pas-
senger and light-duty applications
because of the high pedal effort as-
sociated with that design, space
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limitations in modern vehicles plates that lift the pressure plate when the release bearing travels
and cost of manufacture. The away from the flywheel when the forward and depresses the center o
diaphragm-spring design requires clutch is disengaged. The push- the diaphragm spring toward the
much less pedal effort, has more- tvpe diaphragm spring is designed flywheel. As the diaphragm spring
controlled wear characteristics and  to release the clutch clamp load continnes next page
is available in push

and pull configura- CLUTCH COVER ASSEMBLY CLUTCH DISC ASSEMBLY

tions that use shallow-
er bellhousing designs
because of powertrain
space limitations.

The diaphragm-
spring design consists
of a ground pressure
plate on which the
clutch disc rides, a
stamped or forged
clutch cover that con-
tains the diaphragm
(Belleville) spring, ful-
crum rings on which
the diaphragm spring
pivots, and strap
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pivots on the fulcrum ring, the outer di-
ameter moves toward the transmission
and the strap plates lift the pressure
plate away from the clutch disc. This
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amount of travel is very small,
and in many instances as little as
0.050 inch air gap between the
pressure plate and the clutch
disc is sufficient to disengage the
engine power flow from the
transmission.

On pull-type diaphragm-
spring pressure plates, the re-
lease bearing is mated to the
diaphragm spring, and when the
clutch pedal travels it pulls the
diaphragm spring toward the
transmission. As the diaphragm-
spring outer diameter moves to-
ward the engine, the strap plates
lift the pressure plate away from
the clutch disc.

There are other considerations
in the diaphragm-spring pres-
sure-plate (clutch cover) design.
The first is what happens when
the clutch-disc friction material
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begins to wear. The thickness of
the disc decreases as friction ma-
terial is worn away, and the
angle of the diaphragm spring
changes, moving the inner diam-
eter of the cone that the release
bearing contacts toward the
transmission. This causes the re-
lease bearing to have less travel
before it contacts the diaphragm
spring and results ina “high”
pedal engagement.

Another important issue is
movement of the clutch cover
when the clutch is being disen-
gaged and engaged. This move-
ment is called deflection and
greatly affects the clamp load of
the clutch, which is the ability of
the clutch components to handle
the torque load of the engine.
Deflection increases with fric-
tion-material wear and changes
as clutch-cover temperatures in-
crease during use.

The clutch function is similar to
the function of braking. As the en-
gine provides kinetic energy (the
energy of motion) to the flywheel,
the friction bond between the fly-
wheel, clutch disc and pressure
plate turns some of that energy to
heat as the clutch is engaged and
disengaged. Unless there is slip-
page with the clutch fully engaged,
no heat should be génerated once
the clutch has achieved full clamp
load. Stamped clutch covers made
of cheaper steel tend to deflect
more than heavier stamped or
forged covers, shortening clutch
life.

The clutch-disc assembly ap-
pears to be a simple product but is
actually a complex design. The av-
erage clutch disc consists of a
clutch plate, a cushioning plate that
has a shallow S-shaped curve to
which friction facings are bonded
or riveted, a splined hub in which
torsional-vibration springs are con-
tained, friction washers, a friction
plate, a cone spring and a retaining
plate.
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The amount of engine torque
that a clutch is able to handle de-
pends on the size and diameter of
the friction facings. The torsional-
damper assembly is critical to driv-
er comfort, as it has to filter out
NVH (noise, vibration and harsh-
ness) transmitted by the engine into
the driveline. The engine creates
harmonic vibrations because of its
firing pulses, and these pulses vary
greatly between four-, six- and
eight-cylinder engines and between
gasoline and diesel powerplants.

If these pulses or harmonic vi-
brations are not properly damped,
the result is transmission gear rattle
in neatral and in drive mode. This
does not hurt the transmission but
will cause the customer to bring the
vehicle in with a noise complaint.
The problem is extremely complex,
as there are different engine har-
monics at idle and different engine
speeds, so the disc must be engi-
neered to work across the whole
engine power band. This entails
different sizes and tvpes of damper
springs in the splined hub, some of
which act on idle-speed vibrations
and others that shield the power-
train from speed-induced vibra-
tions. In some applications a
dual-mass flywheel is used to fur-
ther damp the engine harmonics.

The friction material selected for
each application is specific to the
torque produced by the engine. The
facings must be designed to handle
enough torgue, retain holding
power under high-heat conditions
and have a smooth friction coeffi-
cient at engagement to enable the
driver to leave from a dead stop
smoothly.

Many different friction com-
pounds are available, ranging from
a bonded, woven organic material
through cerametallic and carbon
facings. The most-common passen-
ger designs are the woven organic
material, which now must be as-
bestos free. The cerametallic and
carbon facings generally are associ-
ated with heavy-duty performance
and racing applications where driv-
er comfort is not the paramount
concern. The friction material is
bonded or riveted to the cushion
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segments, which play an additional
part in making the clutch engage-
ment as smooth as possible.

If vou look at the edge of a clutch
disc, you will see the shallow curve
in the spring steel of the cushion
plates between the two clutch fric-
tion facings. As the clutch is en-
gaged these cushion plates provide
an initial level of drag (friction) to
the flvwheel and pressure plate,
and then as the clamp load increas-
es they flatten out. This provides
for the smoothest clutch engage-
ment possible.

There are many considerations
in clutch design and engineering,
and the replacement clutch set
must be matched correctly to the
vehicle for proper operation. It is
easy to forget the big picture when
vou have clutch-related problems,
but you have to look at the whole
vehicle.

For instance, powertrain mounts
are important to proper clutch op-
eration. Pushing the clutch pedal
puts a force greater than the clamp
load on the release bearing and di-
aphragm spring to release the
clutch. This can equal thousands of
pounds, and if the powertrain
mounts permit the engine to move
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forward under this load, the clutch
cannot release properly, causing
premature wear and clashing shifts,
A worn crankshaft thrust beéring
will do the same thing by permit-
ting the crank, flywheel and clutch
assembly to move forward and
away from the release bearing.

A tow-truck operator once
brought me a truck in which he had
installed several new clutches with-
in weeks, only to have them fail,
After a road test, 1 opened the hood
and asked him to engage and dis-
engage the clutch while | watched.
As he stepped on the clutch pedal,
the "Z"-bar linkage lifted the entire
body off the frame. The body-
mounts had worn out, and instead
of releasing the clutch completely
he was moving the body, which
caused a poor clutch release and
early failure. '

Oil leaks, hydraulic problems,
out-of-tune engides, worn front-
bearing retainers and driver abuse
create many clutch failures that will
make you a victim if you are not up
on vour game, A good tip with
vounger drivers of “hot” machin-
ery is to walk around the car and
look at all the tires. If on a rear-
wheel-drive car the rears are bald
and the fronts are pretty good, it
gives you a hint that this guy likes
to leave in a cloud of tire smoke
when the light changes. This will
not be vour problem if you make
him understand that it is his money
he is spending and not yours, A
further area of protection after you
do a clutch repair is to take a test
drive with the customer driving,
which may be an eye-opening ex-
perience. At that point you can
make some subtle suggestions
about their driving habits to help
them prolong THEIR investment.

There is a tremendous amount of
design technology and engineering
in every new clutch set you buy.
Understanding how all these com-
ponents work together will make
diagnosis easier and help you pre-
vent failures under warranty.
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