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Linearly Reciprocating Ball-on-Flat Sliding Wear
This standard is issued under the fixed designation G 133; 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 epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope G 118 Guide for Recommended Format of Wear Test Data

1.1 This test method describes laboratory procedures for Suitable for Databasés
determining the sliding wear of ceramics, metals, and othe\r3 Terminology
candidate wear-resistant materials using a linear, reciprocating L o ] )
ball-on-flat plane geometry. The direction of the relative 3-1 Definitions—Definitions used in this test method are
motion between sliding surfaces reverses in a periodic fashiofiVen in Terminology G 40. The following definitions  of
such that the sliding occurs back and forth and in a straighfPortant terms used in this test method are cited from
line. The principal quantities of interest are the wear volumed €minology G 40. o .
of the contacting ball and flat specimen materials; however, the 3-1.1 friction force—the resisting force tangential to the
coefficient of kinetic friction may also be measured using thelNtérface between two bodies when, under the action of an
method described. This test method encompasses both unigxternal force, one body moves or tends to move relative to the
bricated and lubricated testing procedures. The scope of thither. ) )
test method does not include testing in corrosive or chemically 3-1-2 Hertzian contact pressurethe magnitude of the pres-
aggressive environments. sure at any specified location in a Hertzian contact area, as

1.2 The values stated in S| units are to be regarded as ifR@lculated from Hertz’s equations of elastic deforma_\tlon. _
standard. The values given in parentheses are for information 3-1-3 wear—damage to a solid surface, generally involving
only. the progressive loss of material, due to relative motion between

1.3 This standard does not purport to address all of thethat surface and a contacting surface or surfaces.
safety concerns, if any, associated with its use. It is the 3-1.4wear rate—the rate of material removal or dimen-

responsibility of the user of this standard to establish appro-5i0”3| change due to wear per unit of exposure parameter, for
priate safety and health practices and determine the applica€*@mple, quantity removed (mass, volume, thickness) in unit

bility of regulatory limitations prior to use. distance of sliding or unit time.
2. Referenced Documents 4. Summary of Test Method
21 ASTM Standards: 4.1 This test method involves two specimens—a flat speci-

E 112 Test Methods for Determining Average Grain 3ize Men _and a sph_erlcally ended specimen (herein ca_lled the “ball”
E 1181 Test Methods for Characterizing Duplex GrainSPecimen) which slides against the flat specimen. These

Sizeg specimens move relative to one another in a linear, back and
G 40 Terminology Relating to Erosion and Wear forth sliding motion, under a prescribed set of conditions.

G 99 Test Method for Wear Testing with a Pin-on-Disk 4.2 In this test method, the load is applied vertically
Apparatud downward through the ball specimen against the horizontally

G 115 Guide for Measuring and Reporting Friction Coeffi- mounted flat specimen._Th_e normal load, stroke Iength, frr—_z—
cient$ quency and type of oscillation, test temperature, lubricant (if

G 117 Guide for Calculating and Reporting Measures O1any)_, test dgrr_;ltion, and atmospheric environment (including
Precision Using Data from Interlaboratory Wear or Ero-relative humidity range) are selected from one of two proce-

sion Testd dures. _ _ _ _ -
4.3 Since this test method involves reciprocating sliding
- where changes in the sliding velocity and direction of motion
 This test method is under the jurisdiction of ASTM Committee GO2 on WearOccur during the test, constant velocity conditions are not
and Erosion and is the direct responsibility of Subcommittee G02.40 on Nonmaintained. The manner in which the velocity varies with time

Abrasive Wear. . . . . . .
Current edition approved Nov. 10, 2002. Published January 2003. OriginalI)JS determined by the deS|gn of the mechanism which drives the

approved in 1995. Last previous edition approved in 2002 as G 133-95 (2002) ball or flat specimen back and forth.
2 Annual Book of ASTM Standardgol 03.01.
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FIG. 1 Reciprocating Test—Schematic Diagram

4.4 Dimensional changes for both ball and flat specimensvithout lubricant. The tangential force can be measured
are used to calculate wear volumes and wear rates. continuously during oscillating contact and used to obtain
4.5 Friction forces are measured during the test and may bigiction coefficient daté.
used to assess changes in the contact conditions or the kinetic6.2 Specimen Drive-A drive train, capable of providing

friction coefficient as a function of time. smooth, reciprocating motion to the ball and overcoming the
o frictional resistance of the specimens at maximum load, is
5. Significance and Use required. For example, a Scotch yoke drive mechanism can

5.1 This test method is designed to simulate the geometrgrovide a smooth, sinusoidal velocity profile for the ball
and motions that are experienced in many types of rubbingpecimen relative to the flat specimen without the need for the
components whose normal operation results in periodic revemotor to stop and reverse direction periodically. Stepper-type
sals in the direction of relative sliding. The wear resulting frommotors may also be used provided that the motion is smooth
this mode of movement may differ from that experienced byand uniform.
the same materials sliding continuously in only one direction 6.3 Ball and Ball Specimen HolderThe ball specimen
(unidirectional sliding) even for comparable durations ofmay be a fixed bearing ball or any spherically tipped specimen
contact. Test loads and speeds are to be determined by ths long as the sliding contact is equivalent to a ball on a flat
severity of the proposed application or purpose of the testingplane. If a bearing ball is used, it shall be clamped tightly
Either of two sets of testing conditions (designated Proceduresnough to prevent slippage during the test. The ball holder

A and B) may be used. should be rigid enough so that the periodic reversal in the
sliding direction does not result in tilting or other misalignment
6. Apparatus of the contact.

6.1 General Descriptior-Fig. 1 shows the arrangement for 6.4 Flat Specimen HolderThe flat specimen is secured to
the reciprocating ball-on-flat wear test available on a commerthe base of the machine to prevent slippage or buckling during
cial machine. The ball is rigidly mounted and has a sphericathe test. A variety of shapes and configurations for the flat
tip which moves back and forth across the surface of a polishegpecimen are possible. The primary criterion is that the coupon
flat specimen. Use of a spherical tip alleviates the alignmenpresent a flat, horizontal surface to the ball specimen.
problems associated with flat-ended balls sliding on flat sur- 6.5 Instrumentation
faces. Alternate configurations in which the flat moves and the 6.5.1 Friction Force—A tension-compression load cell or
ball specimen is fixed may be used. A provision is made fosimilar force-sensing device may be used to measure the
applying a uniform normal force (load) to the contact between
the ball and the flat. Temperature measurement and contro “Machines of this type are described A Catalogue of Friction and Wear

capability is PrOVided _tO heat an_d monitc_'r the flat SpeCimerbevices American Society of Lubrication Engineers (now STLE) 838 Busse
which may either be immersed in a lubricant bath or testedhighway, Park Ridge, IL, 1973, pp. 50-72.
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friction forces generated during sliding. Calibration of the 7.1.2 Motion Drive—The oscillating frequency of the mov-
friction force (see section 7.1.3) in both forward and reverseng specimen shall be checked periodically against the drive
sliding directions is required. Since the direction of the frictionmotor setting to ensure that the rate of oscillation is known.
force changes rapidly during the test, traditional strip-chart{Warning—Due to inertial effects, differences in the loading
type recorders may be too slow to follow these changes at higand fixturing method become more significant as the oscillating
frequencies of reciprocation. A commercial version of thisfrequency of the test is increased, and harmonic frequencies
machine is available with a signal conditioner to rectify, andcharacteristic of the test machine must be avoided when
output the root-mean-square friction force to a strip-chart-selecting the oscillating frequency.)
recorder or to a computerized data acquisition system. The 7.1.3 Friction Force Sense+The friction force sensor shall
method of sensing and recording friction force during the tesbe calibrated periodically in both directions of load application.
shall be described in the testing report. Depending on the machine, a fixture which applies a calibrat-
6.5.2 Test Duratior—In this test method, test duration is ing load in line with the normal point of contact between the
specified in seconds. To compute the sliding distance in metrdsall and flat should be used.
or number of cycles, use the following:

X=0.002X t X f X L (1) 8. Procedure

or 8.1 Specimen PreparatierThe ball specimen and flat
specimen shall be used either in a polished condition, or in a

N =t @ specified condition consistent with the application of interest.
where In a polished condition, the surface should be as free as
X = total sliding distance of the ball, m, possible from preparation artifacts such as grinding-induced
N = number of cycles in the test, cracks, gross grinding marks, and grain pull-out. Surface
t = testtime, s, roughnesses of 0.02 to 0.05-pRy(arithmetic roughness) are
f = oscillating frequency, Hz (cycles/s), and typical.

L = length of stroke, mm. 8.2 Clean the specimens using the following procedure:

A cycle is defined as two stroke lengths (up and back). g2 1 wash with a mild liquid laboratory glassware cleaner,
Electronic timers can be used to terminate the test. If a 8.2.2 Hot air dry

cycle-counter is available, this may be used instead of the 8.2.3 Ultrasonically clean in acetone (2 min)
timer, in which case Eq 2 will be used. 8.2.4 Hot air dry ’

6.5.3 Humidity—The wear and friction of many materials is by '
significantly affected by the moisture in the air. It is therefore 826 Hot air dr
required that the relative humidity (to an accuracy %) be o Y-

measured before and during the test. Humidity can vary with 8.2.7 If there is considerable porosity in the specimens, it is
air flow and in different parts of the same room, so thel'€cessary that they be baked dry for 4 h at a temperature

humidity sensor should be located as close to the test Spe(g_reater than 150°C in a clean oven.

mens as reasonably possible, in such a way that the airNore 1—Certain materials could be adversely affected by cleaning in

movement conditions are the same for humidity sensor as fafolvents. Deviations from the prescribed cleaning procedure are permitted,
the test specimens. but they shall be described in the report.

6.5.4 Temperature-The ambient temperature, in degrees g3 Clean the specimens after they are secured in place in

Celsius, shall be measured and reported during room temperge test fixture by wiping with acetone and then with methanol-
ture tests. In full immersion, liquid-lubricated tests, the bathygistened cotton swabs. It is possible that during mounting,

8.2.5 Ultrasonically clean in methanol (2 min), and

temperature shall be measured and reported. some contamination was inadvertently placed on them, and this
o final cleaning will help alleviate the problem. Inspect the ball
7. Calibration tip with a hand lens after it is mounted to ensure that there are

7.1 The parts of the apparatus that require calibration argo defects in the contact area.
(2) the loading system2j the motion drive (speed and stroke 8.4 Gently lower the ball specimen upon the flat specimen,
length), and 3) the friction force sensor. and ensure that the reciprocating drive shaft motion is hori-

7.1.1 Loading System-The load (normal force) applied to zontal and parallel to the surface of the flat specimen. The
the specimen shall be checked periodically. In machines whicheight of the specimen or mount may require adjustment to
apply the load by a spring/lever arrangement and indicate thensure that this condition is fulfilled. Apply the prescribed test
load on a dial gage, this can be done by substituting doad. Confirm that the desired oscillating speed has been set
previously calibrated compression load cell for the specimeipefore turning on the motor.
and checking the applied load indicated on the loading dial 8.5 Two possible testing procedures, one for unlubricated
against the calibrated load cell output. Statically applied loadsests (Procedure A), and one for high-contact stress-lubricated
shall be kept constant within a maximum deviationtd?.0 %  tests at elevated temperature (Procedure B), are given in 8.5.1.
of the test load. For example, permitted static error of a 25.0-N'he procedure appropriate for the given materials and test
normal force would bet0.5 N. During oscillating tests, the severity should be selected. If neither procedure in 8.5.1 is
normal force may vary slightly about the mean value due to theletermined to be suitable, other conditions may be used, but
dynamics of the machine. This variation is to be expected. testing will not be in compliance with this test method. See the
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reporting requirements in Section 10 for reporting exceptionsvear testing project. Modifications to the specific test condi-

to Procedures A and B. tions prescribed in Procedures A and B may be used for
8.5.1 The two testing procedures are as follows. conducting such tests; however, in reporting the results, the
8.5.1.1 Procedure A—Unlubricated wear testing at room specific parameters which are not in compliance with one of
temperature. the standard testing procedures shall be specifically noted. A
(a) (a) Pin tip radius, 4.76 mm3fs in.). statement such as the following may then be used: “These tests
(b) (b) Normal force, 25.0 N. are not in full compliance with the provisions of Test Method
(c) (c) Stroke length, 10.0 mm. G 133, Procedure A, because the normal force in these tests
(d) (d) Oscillating frequency, 5.0 Hz. was 50.0 N, instead of 25.0 N as prescribed by the standard,
(e) (e) Test duration, 16 min 40 s (sliding distance 100 m).and the stroke length was 5.0 mm, instead of 10.0 mm as
(f) (f) Ambient temperature, 22 3°C. prescribed by the standard. All other provisions of Test Method
(9) (9) Relative humidity, 40 to 60 %. G 133 have been followed.”

(h) (h) Lubrication, none applied.
8.5.1.2 Procedure B—Lubricated wear testing at elevated 9. Measurement and Calculation of Wear

temperature. _ _ 9.1 Depending upon the relative wear of ball and flat
(a) (a) Pin tip radius, 4.76 mm¥s in.). specimens, various assumptions about the geometric irregular-
(b) (b) Normal force, 200.0 N. ity of the wear scars can be made. Fig. 2 shows several possible
(c) (c) Stroke length, 10.0 mm. wear conditions. In Fig. 2(a), the flat material is much more
(d) (d) Oscillating frequency, 10.0 Hz. wear-resistant than the ball material. In Fig. 2(b), the ball
(€)(e) Testduration, 33 min 20 s (sliding distance 400 m). material is much more wear-resistant than the flat material. In
(f) (f) Temperature, 156- 2°C. Fig. 2(c), measurable wear occurs on both ball and flat
(9) (9) Relative humidity, 40 to 60 %. materials.

(h) (h) Lubrication, full immersion under the selected

\ 9.2 Wear of the Ball SpecimenOwing to the nature of this
lubricant (see Note 2).

type of test, the wear scar on the ball specimen may not always
Note 2—This procedure requires full-immersion lubrication. If other be circular or flat. Refer to the following which applies.
methods, such a controlled drip feeding system, are used to simulate 9.2.1 If the end of the ball appears flat, but not circular, the
certain applications, the provisions of 8.6 will apply. average of the maximum and minimum dimensions of the scar
8.5.2 When heated, liquid-lubricated tests are being conshall be computed and this value used as the effective ball scar
ducted, as in Procedure B, apply the lubricant and heat thdiameter D). Pin scar measurements may be made by remov-
specimens to the selected temperature allowing them to equili®d the ball specimen holder and placing the wear scar portion
brate for not less than 5 min before applying the load and/nder a reflecting microscope. A calibrated ocular or a photo-
starting the test. Bath temperature shall be controlled to withifnicrograph of known magnification may be used to measure
a maximum deviation of-2.0°C from the desired temperature. Scar dimensions.
Afresh supply of lubricant shall be used for each test unless the 9-2.1.1 The wear volumeV() for a flat ball wear scar of
objective is to evaluate the effects of used lubricants on frictioreffective diameteD (the case in Fig. 2(a)), is found from the

and wear. same relationship given in Test Method G 99, Appendix
8.5.3 Set the timer (or cycle counter), if available, for theX1.1.1:
selected test duratipn_. _ _ V, = (wh/6)[3D%4 + 1] 3)
8.5.4 Start the friction (and temperature) recording equip-
ment and initiate the test. where: _
8.5.5 After the prescribed duration, stop the motor. Removel = height of material removed, mm.
the normal force to recheck ttzeropoint on the friction force Assuming a spherical wear volume, the height of material
recording system. removed can be calculated froas follows:
8.5.6 Allow specimens to cool, if heated, then remove the h=R-[R— (DY4)" )

test specimens. To measure the weatr, it is necessary to clean the

specimens in such a way that the surface features are nothere:

altered. For unlubricated tests, a concentrated jet of air may b& = original ball radius, mm.

used to dispel the debris from the worn area of the specimens.

For liguid-lubricated specimens, ultrasonic cleaning in a suit{Warning—For lubricated tests in which there is minimal

able solvent may be used. Specimens shall be thoroughly driedear, it is possible to be misled in reading the apparent wear
8.5.7 Examine the tip of the ball specimen to ensure that nscar diameter of the ball tip optically because of elastic

rolling or other slippage has taken place. Any ball movementecovery. A small, shallow annulus surrounding the elastically

within the holder during the test invalidates the test resultsdeformed area may give the impression of wear, whereas little

Similarly, any slippage of the flat specimen in its fixture or no appreciable wear has actually occurred. Profilometry may

invalidates the test results. be used to determine whether the wear scar is flat and
8.6 Alternative Testing ProceduresTo achieve certain consequently whether (Eq 3) and (Eq 4) can be used.)

simulation conditions, or for other technical reasons, Proce- 9.2.2 If the ball tip is obviously worn, but the wear track

dures A and B may not be suitable for a given reciprocatingprofile on the flat specimen indicates that the ball is not entirely
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View along the sliding direction (in and out of the plane of the figure) for three conditions of wear.

| | e

(a) (b) (c)
Only the ball Only the flat Both ball and flat
specimen wears specimen wears specimens wear

FIG. 2 Possible Situations for Differing Wear Resistance of Ball and Flat Specimens

flat, as in Fig. 2(c), note those facts and either measure volumend tribochemical films which can form in the wear interface
by an alternate method, fully describing the method used, or dander certain conditions.)
not report wear volume. 9.3.1 A cross section of the wear track is the area of the
Note 3—Various methods have been used to measure the wear vor-naterial removed from the original flat surface as viewed on a
umes of non-flat ball tips.These methods may be used and the resultsPlane normal to the original surface and to the direction of
reported; however, a statement such as that given in 8.6 should be usedstding motion. Cross-sectional profiles may be obtained using
indicate that the calculation method is not in accordance with thea Stylus-type instrument or its functional equivalent. On the
provisions of this test method. printed profile made across the wear track, a straight line is
9.2.3 Ifthere is only light abrasion or a few scratches on thedrawn between the unworn areas on both sides of the wear scar
ball specimen, the term “no measurable wear” may be used.and the cross-sectional area of the wear groove, below that
9.2.4 Ifthe tip of the ball is obscured by an adherent depositeference line, is used to compute the wear volume. The
of wear debris, no measure of wear shall be reported, but theross-sectional area may be determined by planimetry, through
reason why the measurement cannot be made shall be reportége use of computerized digitizing tablet, or by importing the
9.3 Wear of the Flat SpecimenThe wear volume of the flat Surface trace data directly into a computer program which
specimen is computed from the length of the stroke and th@ermits the measurement of areas under profiles. Wear volume
average cross-sectional area of the wear track, as measuredohthe flat,Vin mm?, is calculated from:
locations equally spaced along its length. In most cases, the Vi=AXL (5)
width and depth of the wear scar on the flat specimen will be
relatively uniform throughout its length. If the areas of the Where: ) 5
three initial profiles differ by less than 25 %, three profiles will A = average cross-sectional area of the track,“mand
be sufficient. If wear is nonuniform, six cross-sectional profiles b~ = 1ength of the stroke, mm.
shall be obtained to compute the average track cross-sectional
area. Generally, in calculating wear volume of the flat speci10- Report
men, the minor geometric errors associated with the direction- 10.1 Report any unusual event such as noise, chattering, or
reversal points at each end of the track can be neglectedxcessive vibration which occurs during the test. Also, report
(Warning—It is not recommended that continuous wear depthany unusual frictional behavior, as indicated in 10.3.3. Test
data obtained from position-sensing gages be used becausepirameters to be reported should conform with either Proce-
the possible complications arising from entrapped debrisdure A or B. If procedures other than A or B are used, the report
thermal expansion due to frictional heating, hydrodynamic lift,should explicitly state so, listing the conditions which are
different than those described in 8.5.1.
10.2 Report the following:
° Whitenton, E. P., and Blau, P. J., “A Comparison of Methods for Determining . 10.2.1 CharaCterlzatlon of th? ball and ﬂat. specmen mate-
Wear Volumes and Surface Parameters of Spherically-Tipped Shidaksat Vol 11@IS. Information shall be sufficient to establish their source,
124, 1988, pp. 291-309. chemical composition, processing history, surface treatment,
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and_ root-mean-square surface roug.hness'. Commercial desigrlq2 = Poisson’s ratios (dimensionless) of the two materi-
nations for materials should be given, if applicable. If a als, respectively.

Iubrlcgn_t is used, provide its cor_nmermal name or _other If the calculated contact stress exceeds the hardness of either
description, and any other properties needed to identify the,ieria) there will be permanent plastic deformation and

source and tracee_lbility of the lubricant. Grain.size ar_ld percent| stic conditions do not apply.
porosity of specimens may be reported, if applicable. If 10.3.2 Ph . h ; sis d for th
reporting grain size, indicate whether the grain size is nonuni- 0.3. otomicrographs or surface analysis data for the
form or duplex. See Test Methods E 112 and E 1181. Addi\Vear scars on the ball and flat specimens.

tional guidelines for reporting data are found in Guide G 118. 10.3.3 A description of the frictional behavior observed

- ) during the test. Kinetic friction coefficient can be calculated
Note 4—Quantities which have been measured on the same lot useﬁom:

for fabricating wear test specimens should be distinguished from those

obtained on other lots of material (or handbook values) and assumed to W= F/P (8)
apply to the given test specimens. Tests involving proprietary materials are

specifically excluded from reporting compositions or processes; however,Where: o .

material lot numbers and as many specific identifiers as possible shallk = Kinetic friction coefficient,

otherwise be provided. F nominal, measured friction force during sliding, N,
and

applied load (normal force), N.

10.3.4 On some machines, root-mean-square friction force
10.2.2.3 Test duration, s or min:s. is ava|la_ble_as an instrumentation output. Th_e test report should
clearly indicate the manner in which friction force was

10.2.2.4 Frequency of oscillatios;*, and type of motion . : . : . -
produced by thqe osc)illlating drive system: fgrpexample, Sinu_obtalned. Further guidance in measuring and reporting friction

soidal velocity profile, triangular velocity profile, and so forth. data may be found in Guide G 115.

10.2.2 Test Parameters
10.2.2.1 Applied normal forcey, and ball tip radius, mm.
10.2.2.2 Stroke length, mm.

10.2.2.5 Ambient relative humidity, %. Note 5—Friction force may vary during an experiment due to run-in
10.2.2.6 Ambient temperature, °C. and other factors. For example, it may start high then experience a
10.2.2.7 Whether lubricated or unlubricated. transition to a lower value during the test. It is often useful in analyzing
10.2.3 Results test results to note the magnitudes and durations of any observed friction

10.2.3.1 Wear volume only, not wear rate, is repor,[edtransitions. If friction force remairjs steady throughout the test or qu_ickly
. eaches a steady state, one nominal value may be sufficient, otherwise, the
because there is no reason to gssumg that wear occurs Beof frictional data reported will depend on the overall trends observed
constant rate throughout the testing period. during the test. If friction never reaches a steady value, its range of values
10.2.3.2 Wear volume of the ball specimen, if the scar is flatmay be reported with appropriate notations as to its behavior.

in mm°. See 9.2 for a more detailed discussion of this
measurement. 11. Precision and Bias

10.2.3.3 Wear volume of the flat specimen, fnfbee 9.3 for 11.1 Precision—The precision of wear determinations is

a more detailed discussion of this measurement. dependent on the wear characteristics of the material under the
10.2.3.4 Aconcise description of the appearance of the weap hosed testing conditions. Some materials wear evenly so as

scars, including the presence of debris deposits or films which, yroquce clearly defined wear scars, and wear dimensions can

form during sliding. Photomicrographs of the scars should bge measured with a higher degree of precision than for certain

included, if available. _ ~_other materials which wear in an uneven manner and whose
10.2.3.5 When reporting the results of multiple tests, indi-year scars cannot be delineated as clearly.

cate the number of replicates per material and condition and the

average wear volumes for ball and flat specimens. Report t 11.2 Repeatability and ReproducibilityProcedure A was
9 . P - Rep hl?sed in the same laboratory to conduct eight tests of silicon
standard deviation.

10.3 Reporting Optional nitride sliding on silicon nitride. The coefficient of variation of

1031 R Cth ted val fth . lasti the wear volume of the flat specimens was 34.7 %. The
e eport the computed value of the maximum €lastiG,gient of variation for the friction coefficient in the same

contact stressSQ,_as calcullated by the method developed bytests was 1.8 %. The same specimen materials were tested in
Hertz. The following equation may be used: five laboratories using Procedure B with mineral oil lubrica-
S = 0.91§P/(D?*EA)]*/3 (6)  tion. The coefficient of variation for the wear volume of the flat
specimens within-laboratory was23.7 %. Reproducibility
was reflected in a between-laboratory coefficient of variation of
+48.6 %. For the friction coefficient, the within-laboratory
coefficient of variation was+2.64 % and the between-
laboratory coefficient of variation was5.29 %. Appendix X1
E, = {{(1 — vD/E]] + [(1 — VAIE,] ) provides examples of the repeatability and reproducibility of
Procedures A and B when applied to tests of silicon nitride
ceramics. These numerical values for repeatability and repro-
ducibility do not necessarily represent those quantities which
would be obtained if other material combinations were tested

here:

= applied load, N, and

= diameter of the sphere m.
E, is obtained from:

Wi
p
D

where:
E., = elastic moduli (Young's moduli) of the two solids in
contact,Pa, and
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under Procedures A and B. Since the repeatability and repranachine to continue testing may not produce identical contact

ducibility of wear and friction data are material-dependent, aconditions to those when the test was interrupted.

general statement for Procedures A or B cannot be made. 12.3 Moisture in the air (humidity) has been shown to affect
11.3 Bias—Since there is no accepted reference material foPOth friction and wear of ceramics, metals, and polymers. The

determining the bias of the procedures in this wear testingange of relative humidities over which pronounced changes in

method, there is no basis upon which to determine the bias.tribological behavior occur may be relatively short and it may
vary between materials. Therefore, restricting testing to & 50

12. Discussion 10 % band of relative humidity does not necessarily ensure that
o ) ~ the friction or wear at each end of the band will be the same.

12.1 Wear testing involves careful attention to specimen js petter to hold the humidity variation for a series of tests to
preparation, characterization, cleaning, and test procedures.s o or less, if possible. Construction of a controlled-
Contact geometry, normal force, type of motion, temperaturep,midity enclosure around the testing fixtures is the best
surface finish, and ambient environment should be as close @pproach but is not required to meet the requirements of this
possible to that of a chosen application if wear screening is t@st method. Testing on days with similar humidity readings is
provide meaningful results. a less-desirable alternative.

12.2 Wear rate can change during the course of a test or 12.4 Unlike material combinations may wear at different
during the course of the life of a wear part. Run-in wear ratesates depending on which material is the ball specimen and
can exceed steady-state wear rates, and catastrophic transitiagisich is the flat specimen. The ball specimen experiences
in wear rate can occur to end the useful life of a component. Imominally constant contact, whereas the flat specimen surface
this test method, wear is reported only as the total volume loséxperiences a changing state of stress as the slider passes and
after a set period of sliding. This avoids making the assumptiomay wear by a different set of mechanisms. It should therefore
that the wear rate was constant during the test. One indireciot be assumed that the same relative wear volumes would be
indication that wear rate may be changing is a significantbtained if materials for ball and flat specimens were reversed.
change in the nominal level of the friction force during a test.

To determine the change in wear rate with test duration13. Keywords
interrupted tests with periodic wear volume assessments may 13.1 friction testing; lubricated wear; reciprocating wear
be made. However, the replacement of the specimens in thest; wear of ceramics; wear of metals; wear testing

APPENDIX
(Nonmandatory Information)

X1. RESULTS OF WITHIN-LABORATORY TESTS USING PROCEDURE A WITH SILICON NITRIDE TEST SPECIMENS

TABLE X1.1 Material Descriptors for Pin and Flat Wear TABLE X1.2 Friction Coefficient Results for Silicon Nitride
Specimens Specimens Using Procedure A
ltem Pin Specimen Flat Specimen Note 1—Coefficient of variation =+1.8 %; 95 % confidence lim-
Designation Noralide NBD 200, commer-  sintered reaction-bonded silicon its = 0.04.
Source Ce?gé:?:rg? tljizglst Granby, Ear:gzdgo(r?f??se’:)earch and Test Number Friction Coefficient,p Deviation from Average, p
CT Development—Detroit 1 0.800 -0.005
Center, Southfield, Ml 2 0.800 -0.005
Method of proprietary proprietary powder sintering 3 0.803 —-0.002
production and reaction-bonding 4 0.808 0.003
process 5 0.800 -0.005
Surface 9.525-mm diameter ball, surface ground, then diamond- 6 0.781 -0.024
preparation AFBMA Grade 5, polished to an average finish 7 0.820 0.015
as-received of R,=0.05 um 8 0.828 0.023
Average = 0.81 Standard Deviation = 0.014

X1.1 Procedure A—A Plint Model TE-77 testing machine
with a Scotch yoke drive mechanism providing a sinusoidal ) ,
velocity profile was usefl Data for the specimen materials are poss_'t!'e to report the wear of t_he ball specimens under the
provided in Table X1.1. Eight replicate tests were performed ifprovisions of this test method since both ball and flat speci-
one laboratory to evaluate the repeatability of this procedurd"€Nns Wore.

The friction coefficient data and flat specimen wear data are

given in Table X1.2 and Table X1.3, respectively. It was not X1.2 Results of Interlaboratory Tests Using Procedure B

with Silicon Nitride Specimens:

X1.2.1 Five laboratories participated. All laboratories used a
® Model TE-77 High Frequency Friction Machine, Phoenix Tribology Ltd., UK. Plint Model TE-77 testing machine with a Scotch yoke drive



Note 1—Coefficient of variation ==34.7 %; 95 % confidence lim-
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TABLE X1.3 Wear Volume Results for Silicon Nitride Specimens
Using Procedure A

its = 0.53.
Test Number Flat Wear Volume, mm®  Deviation from Average, mm®
1 0.746 0.203
2 0.611 0.068
3 0.507 -0.036
4 0.635 0.092
5 0.293 -0.250
6 0.229 -0.314
7 0.619 0.076
8 0.707 0.164

Average = 0.543

Standard Deviation = 0.189

each flat specimen using a fresh area of the ball specimen for
each test; therefore, four tests were conducted. Nominal
friction coefficient values were obtained from chart recordings
of the root-mean-square friction force. A spread sheet computer
software package designed for Guide G 117 was used to
process test data on steady-state friction coefficient and the
computed wear volumes flat specimens from stylus traces of
the wear grooves (see 9.3). The ball wear volume was not
reported because the scars on the balls were not flat.

X1.2.2 Results are summarized in Table X1.4 and Table
X1.5. As is often the case for wear tests, the within-laboratory
repeatability is better than the between-laboratory reproduc-
ibility. The friction coefficient data (Table X1.4) exhibited less
variation than the wear volume data (Table X1.5). The latter

mechanism providing a sinusoidal velocity profile. The speci-quantity requires more steps in order to obtain a final numerical
men materials were the same as those described in Table X1Malue so that the potential for compounding measurement
Mineral oil (J. T. Baker Company, U.S.P. grade, with Vitamin uncertainties, rounding errors, and calculation errors is greater.
E added as a stabilizer, viscosity by Brookfield viscometer was X1.2.3 These data illustrate the variability of Procedure B
140 cP, and the flash point was 215°C) was used as theith a given set of ceramic materials and a single lubricant, and
lubricant. Two flat specimens and one ball specimen wershould not be used to estimate the variability to be expected for
supplied to each laboratory. Two wear tests were performed oother materials or lubricants.
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TABLE X1.4 Friction Coefficients for Silicon Nitride Specimens Using Procedure B

Note 1—Coefficient of variation (%): within laboratory—2.635; between laboratory—5.285. 95 % limit: within laboratory—0.011; between
laboratory—0.023.

Laboratory

Number Number of Replicates  Average, U Standard Deviation, p Deviation from Average
1 4 0.163 0.002 0.008
2 4 0.155 0.002 0.000
3 4 0.158 0.005 0.003
4 4 0.154 0.005 -0.001
5 4 0.143 0.005 -0.012
Average = 4 Average = 0.155 Within-Laboratory Standard Deviation = 0.004 Between-Laboratory Standard Deviation = 0.008

TABLE X1.5 Flat Specimen Wear Volumes for Silicon Nitride Specimens Using Procedure B

Note 1—Coefficient of variation (%): within laboratory==23.708; between laboratory=48.632. 95 % limit: within laboratory—0.00266; between
laboratory—0.00546.

Liﬁ(:rr]%tg:y Number of Replicates Average, mm?® Standard Deviation, mm? Deviation from Average, mm?
1 4 0.00338 0.00049 -0.00063
2 4 0.00390 0.00090 —0.00092
3 4 0.00710 0.00132 0.00309
4 4 0.00377 0.00124 -0.00024
5 4 0.00272 0.00044 —-0.00129
Average = 4 Average = 0.00401 Within-Laboratory Standard Deviation = 0.00095 Between-Laboratory Standard Deviation = 0.00195
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