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Abstract: A review of the underlying principles of the frictional and abradability

- characteristics of elastomers is presented along with a review of the commonly

employed ASTM methods for measuring abrasion resistance and coeffiecient of
friction (COF). Pico, Taber, NBS, and DIN test results are compared for a broad
range of polyurethane elastomers and "conventional" rubber materials. Tensile
properties, hardness, tear strength, coefficient of friction, and resilience are also
measure to aid in understanding the relativity abrasion results.






I. Introduction:

The "DIN" method (ASTM D-5963) of measuring the abrasion resistance of elastomers
has gained in popularity over the past few years. One of the objectives of this work is
to describe this method in the context of the three other test methods commonly
utilized. DIN test results on a series of cast polyurethane elastomers and
"conventional" rubber materials are put into perspective with Taber, Pico, and NBS
abrasion tests.. “

While standard tests have proven fairly reliable for ranking different materials, many
researchers have seen anomalies between the results of one type of abrasion test and
another; and between laboratory test results and actual in use performance.
Therefore, another objective of this work is to explain the strengths and weaknesses
of each test, and then finally to present some of the theory behind the wear and
frictional properties of elastomers. It is hoped that recognition of some of the
underlying fundamentals will further aid in the understanding of the limitations of the
test methods in predicting actual wear life.

Il Frictonal Properties: Coefficient of Friction-ASTM D-1894

While several specialized tests have been devised to overcome limitations, ASTM D-1894
remains the most common test for measuring the coefficient of friction of rubber and
plastic materials. The diagram below provides a good description of the test.

SAmples

< F /7/87 /
— / Subsf,,%

ASTM D-1894 Coefficient of Friction Test
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Ill. Frictional Properties: Fundamental Theories
In classical materiais there are three laws of friction:

» Friction is proportional to load
» Friction is independent of area of contact
» Friction is independent of sliding speed

Unlike the case in classical materials such as metallics, the measurement of the
properties of elastomers is rarely straight-forward due to non-linear elasticity, due to
loading time and loading rate dependency, and due to temperature dependency. The
measurement of the coefficient of friction of elastomers is no exception.

Coefficient of friction is defined as:

i = FIL where F is the force to cause (static) or sustain (kinetic) motion
where L is the total load normal to the friction surface

In commonly accepted theories of friction, frictional forces arise from two interactions
between the surfaces; adhesive forces and ploughing (plowing) forces. Adhesive forces
arise from "welding" at the points of contact between surface asperities (protrusions) and
the ploughing forces arise from interpenetration (intermeshing) of surface asperities. The
total frictional force for metallics is then the sum of these forces:

F=F,+F,
where F, = (S/P,) xL where: S

=
L

shear strengths of the adhesion
plastic yield stress
normal load

nunnu

m

F, = negligible
so that F = (S/P,) x L

so, it follows that in metallics n is proportional to shear strength/yield strength. COF
values for metallics are typically between 0.6 and 1.2.

In elastomers, F_ is replaced by F, (hysteresis force) so that the total frictional forces
are defined by:

F =F, + F, where

F,=K, (E"p)tand where K, = constant
E" = loss modulus
o = nominal pressure to exponent r
tan 8 = loss coefficient (E"/E")






Ill. Frictional Properties: Fundamental Theories (cont)

= K, (p/E’) tan & where F, = hysteretic force
K, = constant
E' = storage modulus
P = nominal pressure
tan 8 = loss tangent (E"/E")

From tan 6 = E"/E' we can see the very strong dependence of F, on time and rate and

F. upon strain and modulus. Both terms are dependent upon temperature. All
considered, it is not surprising that measured coefficient of friction of elastomers do not
adhere the previously stated "laws of friction". Quite the contrary; elastomer friction is:

* dependent on speed of sliding

» dependent on temperature (ambient and generated heat)

» dependent on load.
In the laboratory, one must be very conscious of these factors in measuring coefficient
of friction. One must be equally concious of the persistent effects of mold release and
internal lubricants on test results. Among the measures to be employed to mitigate these
sources of variance are:

» Reducing surface area of elastomers to (4) 2" diameter buttons to increase

unit load.

* Molding against mylar or teflon and removing only when ready to test

* Washing elastomer substrate

» Surface grinding elastomer substrate

* (5) runs per specimen

» Washing substrate (test bed) between runs

+ Detailed explanation of observed variances in reporting

* Inclusion of force/displacement print-outs with report.

In viewing test results one often observes:
+ Static forces equal to or less than the kinetic kinetic force

» Kinetic forces increasing with displacement
» Variable static and kinetic forces among replicate runs.

» Coefficient of friction of elastomers ranges from 0.25 to 2.5 depending upon the
~ type of elastomer, additives present, and stationary substrate..






IV. Abrasion Resistance of Elastomers: Fundamental Theories

Abrasion has been defined several ways:

* From the latin abradere - to gouge,

» The rupture or displacement of small particles of elastomer under the action of
frictional forces when sliding occurs between two substrates, or

» The wear of a substrate caused by hard particles or protuberances.

In its most fundamental treatment, abrasion is modelled as the action of an inverted cone.
Here the rate of abrasion dV/d/ (volume loss/unit of length travelled) is written as:

dvidi = K*(L* tanf)/(n*p,,) Where, K = factor

L = Nommal Load

© = Slope of the Cone
P, = Indentation Hardness

For experiments involving Emery abrasive and rigid materials this relationship is in
agreement with observations that abrasion rate increases proportionately with increased
load and decreases with increasing hardness. Experiments with wire gauze which has
well rounded protuberances shows abrasion increasing with load to the nth power. Here
the interaction is not simple cutting but some manner of elastic mode which quite
reasonably is proposed to involve fatigue. This mechanism leads to the concept of an
abrasion mode where mechanical work applied through friction will remove material if the

energy input is equal to the energy under the stress strain curve. This leads to the
relationship that:

W, o p/(H*s*e) Where; W, = Wear Rate
u = Coefficient of Friction
H = Hardness
s*c = Energy under s/s curve

(Stress x Strain)

The net abrasion resistance of a material must be the combination of the ability to get
energy or work into a material and the response of that material to that energy or work
input. In order to separate these components, Gent separates the two components by
defining the abradability of an elastomer in the relationship below. This provides a
possible means with which to relate basic material properties like strength or flex cut
growth rate to a fundamental propensity to abrade (abradability).






IV. Abrasion Resistance of Elastomers: Fundamental Theories (cont)

Abradability = A/n  where p = Coefficient of friction
A = VidxL)
where V = volume abraded
d = sliding distance
L = normal load
But since; u=LF where L = nomal load
F = frictional force

So; Abradability = VI/(d x F) or volume of material abraded per unit of energy
expended. .

It has been shown that abradability decreases with increased speed through a
minimum then again increases. This same rate relationship has been observed with
respect to breaking energy. The minimum observed is associated with the transition to
‘the glassy state. It has also been observed that abradability may be dependent on load,
temperature, surface speed, size of abrasive asperities (particles/protuberances), and
atmosphere (N2 vs. air).

The conclusion is reached that the best accounting for the variety of experimental
observations made with regard to the abrasion rates of a range of elastomers under a
variety of conditions will result from resolving the abrasion process into (3) components:

1. Cutting dv/idl = K*(L* tan0)/(n*p,,)
2. Fatigue/Flex Cut Growth W, < w(H*s*)
3. Thermo Oxidation W = K*exp(-(E-k/RT)






COF (Mod. for Elastomers)
ASTM D-1894
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PICO ABRASION TEST
ASTM D-2228
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NBS ABRASION
ASTM D-1630
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DIN ABRASION TEST
ASTM D-5963
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