TEST & INSPECTION

Clutch Friction

Material Screening:

Saving Time and Money

Benchtop-based mechanical testing offers an excellent

method of assessing a large number of materials rapidly.

BY STEVE PAPANICOLAOU

he frictional behavior of wet

clutches for applications such as
automatic transmissions have a con-
trolling influence over the function
of the entire system during operation.
This encompasses everything from
fuel economy to harshness, vibra-
tion, noise and comfort. The wear
characteristics, including velocity
dependence of the coefficient of fric-
tion (COF) and also the friction curve
of the clutch material used, determine
the functional lifetime of the clutch.
There are now increasing demands
for higher torque capacity at reduced
sizes. These can only be met by devel-

Figure 1. Full-scale clutch tests are conducted
on test systems, such as the SAE #2 Friction

Test Rig.

opment of new friction materials and
lubricants, with the consequent need
for intensive, rapid and cost effective
testing [1,2]. The development of new
materials is costly and time consum-
ing; and the need is currently for stan-
dardized short time test procedures
that can be recognized by both suppli-
ers and OEMs.

CHANGING THE TEST
ENVIRONMENT

Full-scale clutch tests, such as the
JASO M348 carried out on the SAE
No. 2 Friction Test Machine (Figure
1), are usually used to acquire fric-

tion data, but these tests have the dis-
advantage in being expensive, inflex-
ible, time consuming and linked to
one special test rig. SAE tests mix

up friction and endurance/durability
as they are run to failure and so are
not ideal for specific friction data. To
evaluate each new friction material
recipe or process change it is neces-
sary to fabricate and assemble full-
scale clutch components for each test
scenario. It has been recognized by
developers that in order to make sig-
nificant savings of development time
and cost a simple benchtop screening
test could be used to rank friction
materials in the laboratory prior

to full-scale clutch tests. The para-
digm of benchtop testing is simple
and effective [3,4]. The researcher

is aware that modelling to a great
extent makes use of friction data and

Figure 2. The UMT TriboLab benchtop tribotest system used in the simula-
tion of clutch material testing, and detail of sub-scale clutch material sample

(ruler in cm).
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that many parameters affect friction
behavior including:

= Materials

® Porosity

= Cure parameters

= Counterface material

= Roughness

As this represents a huge amount
of screening/testing, it is much more
economical to make a small batch
(single sheets) of new clutch materials for
benchtop testing (Figure 2). This allows
a fast and easy down-selection process
for full-scale SAE #2 tests and in-service
vehicle tests as the next stage of mate-
rial selection. This does not equate to
the replacement of full-scale component
level testing but just makes the selection
process more efficient and allows a better
use of time and material [5]. An example
is the harshness, vibration, and noise

(HVN) response. HVN is strongly tied
to the sliding velocity dependence of the
COF. The COF needs to show a steady
or slightly increasing value as the sliding
velocity increases over a wide range of
contact pressures. As friction is a system
property and not a material property the
convenience of using analytical models
in design work must also be validated by
full scale tests [4,5]. A study [3] conduct-
ed at FZG, the Mechanical Engineering,
Gear Research Center in Munich, on
friction screening concluded, “The fric-
tion behavior of wet clutches cannot be
predicted and requires intense testing
especially when new friction materials
and lubricants are to be developed.”

DEVELOPING BENCHTOP
TEST CONDITIONS

While the need is established for
benchtop testing, the important
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Figure 3. Comparison of sub-scale clutch material tests and full-scale clutch tests.

(Data from SAE 2 test courtesy of LuK USA, LLC.)

parameters for turning a tribosystem

that includes the clutch friction mate-

rial, the reaction steel plate, and the

transmission fluid lubricant into a

scaled-down tribotest suitable for a

mechanical tester in the laboratory [6]

need to be determined for each test.

Considerations include:

= Material test samples

= Contact geometry or how the mate-
rials contact one another

= Loading (the contact pressure
applied for each component during
the test)

= Motion (sliding speed or linear velocity)

= Environment (lubrication and
temperature)

The key to a valid tribotest is that
the critical full-scale tribosystem
parameters are appropriately simu-
lated by using a mechanical tester
with a suitable rotary table and heater
chamber. The full-scale test proto-
col, which consists of more than 275
separate conditions of speed, contact
pressure, and temperature, cannot be
replicated at the bench. The intention
is to provide a simplified subset of test
sequences on the benchtop tester from
which materials can be ranked for later
full development [7].

ADVANCES IN TESTING

AND MODELLING

Many studies have examined the best
methodology for the preparation of
test rigs to simulate and support full-
scale testing. The usual clutch material
model historically involved a “pin-on-
disc” setup along with attendant com-
parison studies, followed by a study

of the specific properties of oils and
paper used in the model clutch setup.
With the advances in test rig technol-
ogy and design, it has become possible
to more closely mimic the real system
conditions both from a geometry per-
spective as well as a test methodology.
It is possible to properly simulate clutch
behavior in a benchtop test; however,
care must be taken to distinguish
between full film torque and boundary
lubrication torque of clutch behavior.
Sophisticated test rigs now allow script
generation as well as mechanical com-
ponents to more closely follow both
historical methodologies such as JASO
M348 as well as dyno systems and real
life conditions.
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CONCLUSION

The development of new friction
materials for clutch systems and the
lubricants/additives they need to oper-
ate at optimum efficiency requires
easy-to-use, flexible, fast, and cost-
effective test procedures. Benchtop-
based mechanical testing offers an
excellent method of assessing a large
number of materials rapidly to provide
a short list of suitable materials for
more in-depth friction and durabil-
ity testing, and there can be excellent
agreement with SAE testing. Q

Steve Papanicolaou is the North and South
America Sales Manager, Tribology & Mechanical
Testing Business Unit of Bruker Nano Surfaces
Division. For more information, call (408) 410-
5391, email steve.papanicolaou@bruker.com or
visit www.bruker.com/tribology.
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ON SALE NOW

Starrett 16-Inch HE400-M1 and HE400-M1E

MSI-Viking Gage is Offering These Two Starrett Optical Comparator Models
at Fantastic Sale Prices Including a 10x Lens and Free Shipping*!
HE400-M1 without Edge Detection at $6995; HE400-M1E with Edge Detection at $8395*

Starrett

*Free shipping on request only. Sale ends July 31,2017. 864.433.9771
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