QH].p DESignation: D 3702 -94 (ReapprOVEd 1999) An American National Standard

Standard Test Method for

Wear Rate and Coefficient of Friction of Materials in Self-
Lubricated Rubbing Contact Using a Thrust Washer Testing
Machine !

This standard is issued under the fixed designation D 3702; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope forces between specimens traveling in a circular path. It is the

1.1 This test method covers the determination of wear rat@roduct of a restraining force and the radius at which it acts to
and coefficient of friction for self-lubricated materials in Palance the frictional torque.
rubbing contact by a testing machfnthat utilizes a thrust

: , ; 3. Summary of Test Method
washer specimen configuration.

3.1 The test machine is operated with a test specimen
Nore 1—This machine may also be used to measure coefiicient ofgtating under load against a stationary steel washer. Each test
friction. consists of break-in for 40 h followed by a selected test
1.2 The values in Sl units are to be regarded as the standarduration, each at the same selected normal load and speed.
In cases where materials, products, or equipment are availabl®ad is obtained by application of dead weights to the 10:1
only in inch-pound units, Sl values in parentheses are fofever arm. The contact area is 1.29%(8.20 in.%). The mean
information only. rubbing velocity is related to spindle rotational speed: 1
1.3 This standard does not purport to address all of therpm = 0.0848 m/min (0.278 ft/min).
safety concerns, if any, associated with its use. It is the 3.2 The thickness change of the test specimen and torque
responsibility of the user of this standard to establish appro-during test are measured for each test.
priate safety and health practices and determine the applica- 3.3 Wear rate in centimetres per hour (inches per hour) and

bility of regulatory limitations prior to use. coefficient of friction is reported.
2. Terminology 4. Significance and Use
2.1 Definitions: 4.1 This test method is used to determine the equilibrium

2.1.1 coefficient of friction, p or+-in tribology—the dimen-  rate of wear and coefficient of friction of materials in rubbing
sionless ratio of the friction forcd=) between two bodies to the contact under useful operating conditions, that is, combinations
normal force ) pressing these bodies together. of pressure and velocity that fall below théV

por f = (FIN) 1) (pressurex velocity) limit of the test material. The user of this
test method should determine to his own satisfaction whether
static coefficient of friction and kinetic coefficient of friction. the results of this test procedurg correlate with f|eId. _perfor-
mance or other bench test machines. If the test conditions are

2.1.2 wear—damage to a solid surface, generally involving :
. ; . . changed, the wear rates may change and the relative value of
progressive loss of material, due to relative motion between

that surface and a contacting substance or substances one material with respect to another may also change.
2.1.3 wear rate—the rate %f material removal or din.1en- 4.2 Test conditions may be selected from Table 1.
L ! .. 4.3 The precision of wear measurement is relatively inde-
sional change due to wear per unit of exposure parameter; for ; -
pendent of test duration or amount of wear, but the precision of

example, quantity of material removed (mass, volume, thick: . . : .
. S L o wear rate (calculation) improves with test duration and amount
ness) in unit distance of sliding or unit time.

L o . . of wear. It is generally believed that useful wear rate precision
gg ? ?;Lnlﬂgisregcgigm; iﬁgﬁg‘gég -Ezlfufr:agf:rt% friction requires the selection of a test duration sufficient to produce 0.1
- q y mm (0.004 in.) of wear. Test durations will often be in the 50
to 4000-h range.

1 This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibiltiy of Subcommitteb. Apparatus

DO02.L 0.05 on Solid Lubricants. . . -
Current edition approved July 15, 1994. Published September 1994. Originally 5.1 Falex MUItISpeCImen Test MaChmE'g' 1, shown sche-

published as D 3702 — 78. Last previous edition D 370290 matically in Fig. 2 and described in Annex Al.
2 An example is the Falex Multispecimen Test Machine, available from Falex 5.2 Test Specimen or Rotating Wafshown in Fig_ 3.

Corp., 1020 Airpark Drive, Sugar Grove, IL 60554. This manufacturer recommends : _ : :
a maximum test load of 808 Ib (367 kg). 5.3 Stationary WashetAISI C-1018 steel, shown in Fig. 4.

2.1.1.1 Discussior—A distinction is often made between
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TABLE 1 Test Conditions #

Rotational Rubbing Velocity, Load, Ib(kg), to Obtain PV, psi X ft/min (kg/cm? X m/min) at Selected Speeds
speed, rpm ft/min (m/min) PV, 1250 (26.8) PV, 2500 (53.6) PV, 5000 (107.1) PV, 10 000 (214.3)
36 10 (3.05) 25.0 (11.3) 50.0 (22.7) 100 (45.4) 200 (90.7)
180 50 (15.2) 5.0 (2.3) 10.0 (4.5) 20.0 (9.1) 40.0 (18.1)
900 250 (76.2) 1.0 (0.5) 2.0 (0.9) 4.0 (1.8) 8.0 (3.6)

AFor many applications a wear rate exceeding 1.0 X 10~ ® in/h (2.5 X 1077 m/h) is considered excessive. Typical wear rates for some commonly used materials at
different PV levels are:

Acetal homopolymer at PV;: 5% 107%to 1% 107°in./h (1.3 X 107 to 2.5 X 1077 m/h)
Acetal homopolymer at PV,: 1x10%t0 3 X 107°in./h (2.5 X 1077 to 7.5 X 1077 m/h)
22 % PTFE-filled acetal homopolymer at PV.: 3X107°t06 X 107°in./h (7.5 X 10® to 1.5 X 1077 m/h)
Polyamide (Type 6-6) at PV,: 1x10°t05x 107°in./h (2.5 X 1077 to 1.3 X 107° m/h)
15 % graphite filled polyimide restin at PV: 1x10%t02 % 107%in./h (2.5 X 1077 to 5 X 1077 m/h)
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FIG. 1 The Falex Multispecimen Test Machine

ROTARY SPINDLE (WITH
DRIVE PINS &4BALL SEAT)
ROTARY SPECIMEN HOLDER
TEST SPEGIMEN

STEEL WASHER

STATIONARY SPEGIMEN
HOLDER

TORQUE ' LOAD
FIG. 2 Thrust Washer Test Specimen Arrangement

The surface finish should be 16 2 pin. AA, the hardness 6. Reagents and Materials

Rc20 =+ 5. - ; ;
; . 6.1 Solvent safe, non-film forming, nonchlorinated.
5.4 Micrometer (Note 4), capable of measuring to the F 9
nearest 0.003 mm (0.0001 in.). Note 2—Petroleum distillates, formerly used as solvents, have been
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FIG. 3 Rotating Test Specimen

eliminated due to possible toxic effects. Each user should select a solvent 7.6 Place the steel washer in the lower specimen holder.
that can meet applicable safety requirements and thoroughly clean 7 7 Balance the load lever arm with the bale rod attached.
machine parts. 7.8 Mount the test specimen together with its specimen

6.2 Appropriate reagents for cleaning the test specimen asolder in the rotary spindle so that the drive pins of the spindle
recommended by the manufacturer of the test material. are inserted in the drive pin holes of the specimen holder and
7. Preparation of Apparatus the specimen holder is free to pivot on the ball seat.

7.1 Measure the finish of the steel mating surface perpen- 7.9 Determine the dead weight, to be applied to the bale

dicular to the finishing direction. fod as follows:

7.2 Before each test, thoroughly clean the steel washer and W= F
both specimen holders using the solvent per 5.1. 10
whereF = normal force.

7.10 If coefficient of friction is to be determined, check

7.3 Clean the test specimen as recommended by the manusinration of torque meter and adjust, if required, according to

facturer of the test material. . . _ equipment manufacturer’s instructions.
7.3.1 Store cleaned test specimens prior to testing in a glass

jar. Note 5—Calibrate torque meter such that the anticipated test torque is
7.3.2 Following the cleaning, do not handle the test speci@PProximately two-thirds of calibration value.

mens with bare hands. It is recommended that clean cotton NOTEhG—tﬁ‘] an”t rgcordefdca” betﬁsed to dCO”“”UOL(JjS_'V fte'COfd tofrqlie
gloves or Clean tweezers or '[OI’lgS be Used rougnou € [esl. Zero ana span the recorder accoraing to manuractur-

er's instructions.
Note 4—Check compatibility of the test specimen cleaning procedure
and reagents with the specific material to be tested. 8. Procedure
7.4 Preset the speed control to provide the desired speed as8.1 With the specimens and bale rod in position, gently
measured in revolutions per minute using the built-in tachomapply the appropriate weight to the bale rod.
eter. Refer to Table 1 to convert the specified velocity to 8.2 Turn on the machine.
revolutions per minute. 8.3 When the prescribed break-in interval duration (40 h)
7.5 Install the test specimen in the upper specimen holddnas been completed, stop the machine, remove the weights
with the bolt and washer provided. Torque the boltto2.8.6  from the bale rod and carefully lower the stationary specimen
J (25+ 5 in:-Ibf). holder to its lowest position.

@)

Note 3—Remove all solvents from the washer before testing.
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FIG. 4 Stationary Steel Washer Specimen

8.4 Remove the test specimen together with its specimefl. Calculation
holder and clean with a lint-free wiper. 9.1 Wear

8.5 Condition the specimens for a minimurhloh atroom ' !
temperature prior to measuring thickness.

8.6 Measure the thickness of the test specimen together wi
its specimen holder at four places, 90° apart. Mark the te
specimen (inside the raised test surface) so subsequent mea9-1.2 Calculate the wear rate as follows:
surements can be made at the same places. Kpa + Xap + Xig + Xgg) = Xq + Xy + Xoe + Xog)

8.7 Balance the load lever arm with the bale rod attached. WR = 4T ®)

8.8 Mount the test specimen together with its specimen
holder in the rotary spindle so that the drive pins of the spindle
are inserted in the drive pin holes of the specimen holder an
the specimen holder is free to pivot on the ball seat.

8.9 With the specimens and bale rod in position, gently
apply the appropriate weight to the bale rod.

9.1.1 Record the (four) thickness measurements for the test
ecimen before and after test, and actual test duration in

where:
R wear rate, in./h (m/h),

thickness, in., (m), and

test duration, h.

9.1.3 Subscriptsla, 1b, 1c, and 1d are the initial four

8.10 Turn on the machine and chart recorder if torque is tdhickness measurements taken 90° apart on the upper rotating
be recorded specimen. Subscrip®a, 2b, 2c, and2d are the corresponding

8.11 When the prescribed test interval duration has beefi"@ thickness measurements.
completed, stop the machine, remove the weights from the bale 9-2 Coefficient of Friction
rod, and carefully lower the stationary specimen holder to its 9.2.1 Calculate the coefficient of friction from the torque
lowest position. values as follows:

8.12 Remove the test specimen together with its specimen f=TIhrW 4
holder and clean with a lint-free wiper.

8.13 Condition the specimens for a minimuiich atroom  where: . o
temperature prior to measuring thickness. f coefficient of friction, _

8.14 Measure the thickness of the test specimen togethef specimen torque, N-m (lb-in),

with its specimen holder at the same four places, 90° apart\rN = fest splefcimenkradligs, 13.49 mm (0.531 in.), and
previously marked. = normal force, kg (Ibs).
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10. Precision and Bias ing in different laboratories on identical test material would, in

10.1 Precision—The precisiofi of this test method for wear the long run, exceed the following values only in one case in
as determined by the statistical examination of interlaboratorj€nty.
test results is as follows: 0.030 mm (0.00072 in (6)

10.1.1 Repeatability-The difference between successive 105 The tests on which the precision statement is based
results obtained by the same operator with the same apparatiSe all conducted &V, with 180 rpm used in round robin
under constant operating conditions on identical test materigj 5 and 3. and 720 rpm in round robin 2b. Test durations
would, in the long run, in the normal and correct operation of;are 100 h, except for round robin 1 where they ranged from
the test method exceed the following values only in one case if1g tg 313 h. Wear in 100 h round robins averaged 0.00027 to
twenty. 0.00049 in., and in no test did wear exceed 0.0017 in.

0.019 mm (0.00075 in (5) 10.3 Bias—Since there is no accepted reference material

10.1.2 Reproducibility—The difference between two single suitable for determining the bias for the procedure for measur-
and independent results obtained by different operators work'd Wear rate, bias has not been determined.
11. Keywords

3 The results of cooperative test programs, from which these values have been 11.1 coefficient of friction; self-lubricated; torque; wear;
derived can be obtained from ASTM Headquarters by requesting RR: D02—-1054wear-rate

ANNEX
(Mandatory Information)

Al. DESCRIPTION OF THE THRUST WASHER TESTING MACHINE 2 (FIG. 1)

Al.1 Dead weights are attached to a bale rod, and aqgtrovides speed indication. An elapsed time indicator with reset
through a 10:1 lever arm to load the stationary (lower) washefeature to indicate motor running time should be included.
axially upward against a rotating (upper) test specimen. The
lever arm may be balanced to compensate for the weight of the A1.3 In rotation at motion, torque is indicated throughout
stationary washer. Optional controlled pneumatic loading systhe test by a digital indicator.
tems are available to replace applications of dead weight.

Al.2 The rotary spindle is driven by a variable-speed d-c Al4  Optional _features include an assortment of torque
motor with feed back speed control, controlled by a 10-turrfheasurement devices; apparatus for the application, control,

potentiometer, acting through dual-range step pulleys. Typicgt"d readout of various test environment conditions; and
spindle speed range is 10 to 7200 rpm. A built-in tachometefl€vices to accommodate alternative test sample configurations.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).



