
Designation: G176 − 03 (Reapproved 2009)

Standard Test Method for
Ranking Resistance of Plastics to Sliding Wear Using
Block-on-Ring Wear Test—Cumulative Wear Method1

This standard is issued under the fixed designation G176; 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 epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers laboratory procedures for de-
termining the resistance of plastics to sliding wear. The test
utilizes a block-on-ring friction and wear testing machine to
rank plastics according to their sliding wear characteristics
against metals or other solids.

1.2 An important attribute of this test is that it is very
flexible. Any material that can be fabricated into, or applied to,
blocks and rings can be tested. Thus, the potential materials
combinations are endless. In addition, the test can be run with
different gaseous atmospheres and elevated temperatures, as
desired, to simulate service conditions.

1.3 Wear test results are reported as the volume loss in cubic
millimetres for the block and ring. Materials of higher wear
resistance will have lower volume loss.

1.4 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

D618 Practice for Conditioning Plastics for Testing
D2714 Test Method for Calibration and Operation of the

Falex Block-on-Ring Friction and Wear Testing Machine
E122 Practice for Calculating Sample Size to Estimate, With

Specified Precision, the Average for a Characteristic of a
Lot or Process

E177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

E691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

G40 Terminology Relating to Wear and Erosion
G77 Test Method for Ranking Resistance of Materials to

Sliding Wear Using Block-on-Ring Wear Test

3. Terminology

3.1 Definitions:
3.1.1 wear—damage to a solid surface, generally involving

progressive loss of material, due to relative motion between
that surface and a contacting substance or substances. G40

4. Summary of Test Method

4.1 A test plastic block is loaded against a metal test ring
that rotates at a given speed for a given number of revolutions.
Block scar volume is calculated from the block scar width. The
friction force required to keep the block in place may be
continuously measured during the test with a load cell. When
this is done, the friction force data are combined with normal
force data to obtain values for the coefficient of friction and
reported.

5. Significance and Use

5.1 The significance of this test method in any overall
measurement program directed toward a service application
will depend on the relative match of test conditions to the
conditions of the service application.

5.2 This test method prescribes the test procedure and
method of calculating and reporting data for determining the
sliding wear resistance of plastics, using cumulative volume
loss.

5.3 The intended use of this test is for coarse screening of
plastics in terms of their resistance to sliding wear.

6. Apparatus and Test Specimens

6.1 Test Schematic—A schematic of the block-on-ring wear
test geometry is shown in Fig. 1. In the figure, the friction load
cell is enlarged.

6.2 Test Ring—A typical test ring is shown in Fig. 2. The test
ring must have an outer diameter of 34.99 6 0.025 mm (1.377
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6 0.001 in.) with an eccentricity between the inner and outer
surfaces of no greater than 0.00125 mm (0.0005 in.). For
couples where surface condition is not under study, it is
recommended that the outer diameter be a ground surface with
a roughness of 0.152 to 0.305 µm (6 to 12 µin.) rms or center
line average (CLA), in the direction of motion. However,
alternate surface conditions may be evaluated in the test, as
desired. It should be kept in mind that surface condition can
have an effect on sliding wear results.

NOTE 1—A commonly used test ring is a carburized 4620 steel having
a hardness of 60 HRC or higher.

6.3 Test Block—A test block is shown in Fig. 3. Block width
is 6.35 + 0.000, −0.025 mm (0.250 + 0.000, −0.001 in.).

6.4 Optical Device (or equivalent), with metric or English
unit calibration, is also necessary so that scar width can be
measured with a precision of 0.01 mm (0.0004 in.) or equiva-
lent.

7. Reagents

7.1 Reagents may include the following:

NOTE 2—Organic cleaners should be used with caution as they may
react with the plastic being tested.

7.1.1 Methanol.
7.1.2 Eye Glass Cleaner.

8. Preparation and Calibration of Apparatus

8.1 Run the calibration procedure that is in Test Method
D2714 to ensure good mechanical operation of the test
equipment.

9. Procedure

9.1 Condition the test specimens at 23 6 2°C (73.4 6

3.6°F) and 50 6 5 % relative humidity for not less than 40 h
prior to testing in accordance with Procedure A of Practice
D618 for those samples where conditioning is required.

9.2 The recommended test conditions are the standard
laboratory atmosphere of 23 6 2°C (73.4 6 3.6°F) and 50 6

5 % relative humidity.

9.3 Clean the ring using a procedure that will remove any
scale, oil film, or residue without damaging the surface. The
following procedure is recommended: clean the ring in a
suitable solvent, ultrasonically, if possible; a methanol rinse
may be used to remove any traces of solvent residue. Allow the
rings to dry completely. Handle the ring with clean, lint-free
cotton gloves from this point on.

9.4 For the plastic block, the following cleaning procedure
is recommended: Clean the plastic block with methanol. Allow
the blocks to dry completely. After cleaning, handle the block
with clean, lint-free cotton gloves. Other procedures may be
used provided they do not affect the plastic. If an application
under study uses a plastic in the molded condition, it is advised
to test a block with the test surface in the molded condition.
The wear of a molded surface may be different from the wear
of a machined surface.

9.5 Make surface texture and surface roughness measure-
ments across the width of the ring, as necessary. Note that a
surface profile does not completely describe a surface topol-
ogy. Scanning electron micrographs may be used, as desired, to
augment the description of the wear surfaces. Clean the ring
again, if necessary, as in 9.3.

9.6 Demagnetize the ring and ferrous assembly.

9.7 Measure the block width and ring diameter to the
nearest 0.025 mm (0.001 in.).

9.8 Clean the self-aligning block holder, ring shaft, and
surrounding fixtures with solvent.

9.9 Put the self-aligning block holder on the block. Apply a
thin layer of lubricant to the self-aligning holder. Use of a
non-migrating product is suggested.

9.10 Place the block in position on the machine and, while
holding the block in position, place the ring on the shaft and
lock the ring in place, using a method in accordance with the
requirements of the specific machine design.

9.11 Center the block on the ring while placing a light
manual pressure on the lever arm to bring the block and ring
into contact. Be sure the edge of the block is parallel to the
edge of the ring and that the mating surfaces are perfectly
aligned. This is accomplished by making sure the specimen
holder is free during mounting so that the quarter segment can
properly seat itself. Release the pressure on the lever arm.

9.12 Place the required weights on the load bale and adjust
the lever arm in accordance with the requirements of the
specific machine design to provide a load of 44.3 N (10 lbf) at
the block/ring interface. Then remove the load by raising the
weights.

9.13 Set the revolution counter to zero.

9.14 Gently lower the weights to apply the required load.

9.15 If using a variable speed machine, turn on the machine
and slowly increase the power to the drive motor until the ring
starts to rotate, and record the “static” friction force. Continue
to increase the rate of rotation to 200 rpm. If using a fixed
speed machine, simply turn on the machine.

9.16 During the test, record the friction force.

9.17 Stop the test manually or automatically after 240 000
revolutions (20 h).

9.18 A final “static” friction force may be measured with a
variable speed machine. Leaving on the full load, wait 3 min 6

10 s, then turn on the machine and slowly increase the power

FIG. 1 Test Schematic
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to the drive motor until the ring starts to rotate, recording the
final “static” friction force. Then turn off the motor.

9.19 Remove the block and ring and clean. For metals, use
a suitable solvent. For plastics, remove loose debris with a dry
soft brush.

9.20 Make surface roughness measurements and profilome-
ter traces across the width of the block and the ring as desired.
A trace along the long axis of the block, through the wear scar,
is also useful to verify the scar depth and shape.

9.21 Measure the scar width on the test block in the center
and ~1 mm (0.04 in.) away from each edge. These measure-
ments shall be to the nearest 0.01 mm (0.0004 in.). Record the
average of the three readings. Sometimes a lip of plastically
deformed material will extend over the edge of the wear scar.
When measuring scar width, try to visually ignore this material
or measure the scar width in an area where this is not a
problem.

9.22 Tapered scars indicate improper block alignment dur-
ing testing. If the three width measurements on a given scar
have a coefficient of variation of greater than 10 %, the test
shall be declared invalid. For further discussion of measure-
ment problems see 9.21, 9.22, and Fig. 4 in Test Method G77.

10. Calculation

10.1 Calculation of Block Scar Volume:
10.1.1 Block scar volume may be derived from block scar

width by using Table 1 (applicable only when ring diameter is
34.99 6 0.025 mm (1.377 6 0.001 in.) and scar length (block
width) is 6.35 + 0.000, −0.025 mm (0.250 + 0.000, −0.001
in.)).

10.1.2 The preferred method of calculating block scar
volume is by using the formula shown in Fig. 4. This formula
may be programmed on a calculator or computer.

10.1.3 Block scar volume is not calculated generally from
block mass loss because block mass is subject to effects of

NOTE 1—The outer diameter and concentricity with the inner diameter are the only critical parameters. The inner diameter is optional depending on
machine design. The inside diameter taper shown fits a number of standard machines.

FIG. 2 Test Ring
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material transfer. Keeping this in mind, block mass loss may be
interpreted semi-quantitatively in a comparative evaluation of
various material couples. If the block scar cannot be accurately
measured following 9.21, a scar volume should not be
calculated, but a notation made of the problem, for example,
material transfer, plastic deformation, and so forth.

10.2 Calculate coefficient of friction values from friction
force values as follows:

ƒ 5
F
W

(1)

where:
ƒ = coefficient of friction,
F = measured friction force, N (lbf), and
W = applied load, 44.3 N (10 lbf).

10.3 Calculate ring volume loss as follows:

volume loss 5
ring mass loss
ring density

(2)

10.3.1 If the ring gains mass during the test, the volume loss
is reported as zero with a notation that weight gain occurred.
Ring mass loss can be affected by transfer of the plastic to the
metal surface. If plastic transfer to the ring is obvious, then a
ring scar volume should not be calculated from the weight loss
measurement, but a notation should be made that plastic
transfer occurred. If there are obvious signs of abrasion of the
ring surface, such as scratches or grooving, this should also be
noted. In this case profilometry may be used to measure
material loss.

11. Report

11.1 Report any unusual event or an overload shutoff of the
machine (on some machines it is possible to have an automatic
shutoff at a preset frictional load). If the machine malfunctions
or a test block has a tapered scar, the data shall not be used, and
the test shall be rerun.

11.2 Report the following:
11.2.1 Test Parameters:
11.2.1.1 Block material,
11.2.1.2 Ring material and hardness (whenever applicable),
11.2.1.3 Ring and block initial surface roughness, and
11.2.1.4 Number of replicates.
11.2.2 Results—Report the average and the coefficient of

variation of the following (the coefficient of variation is the
standard deviation divided by the average; it is expressed as a
percent).

11.2.2.1 Block scar width, mm,
11.2.2.2 Block scar volume, mm3, calculated from scar

width, and
11.2.2.3 Ambient conditions, if other than normal labora-

tory conditions.
11.2.3 Reporting Optional:
11.2.3.1 Final surface roughness of block and ring,
11.2.3.2 Ring heat treatment, and
11.2.3.3 Initial “static” and dynamic coefficients of friction

and final “static” and dynamic coefficients of friction.

FIG. 3 Test Block
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TABLE 1 Block Scar Widths and Volumes for Blocks 6.35-mm Wide Mated Against Rings 34.99 mm in Diameter
Block Scar

Width
(mm)

Volume
(mm3)

Width
(mm)

Volume
(mm3)

Width
(mm)

Volume
(mm3)

Block Scar
Width
(mm)

Volume
(mm3)

Width
(mm)

Volume
(mm3)

Width
(mm)

Volume
(mm3)

0.30 0.0008 1.01 0.0312 1.72 0.1541 2.42 0.4295 3.12 0.9212 3.83 1.7062
0.31 0.0009 1.02 0.0321 1.73 0.1568 2.43 0.4348 3.13 0.9301 3.84 1.7196
0.32 0.0010 1.03 0.0331 1.74 0.1595 2.44 0.4402 3.14 0.9391 3.85 1.7331
0.33 0.0011 1.04 0.0340 1.75 0.1623 2.45 0.4456 3.15 0.9481 3.86 1.7467
0.34 0.0012 1.05 0.0350 1.76 0.1651 2.46 0.4511 3.16 0.9572 3.87 1.7603
0.35 0.0013 1.06 0.0360 1.77 0.1679 2.47 0.4567 3.17 0.9663 3.88 1.7740
0.36 0.0014 1.07 0.0371 1.78 0.1708 2.48 0.4622 3.18 0.9755 3.89 1.7878
0.37 0.0015 1.08 0.0381 1.79 0.1737 2.49 0.4679 3.19 0.9847 3.90 1.8017
0.38 0.0017 1.09 0.0392 1.80 0.1766 2.50 0.4735 3.20 0.9940 3.91 1.8156
0.39 0.0018 1.10 0.0403 1.81 0.1796 2.51 0.4792 3.21 1.0034 3.92 18296
0.40 0.0019 1.11 0.0414 1.82 0.1826 2.52 0.4850 3.22 1.0128 3.93 1.9437
0.41 0.0021 1.12 0.0425 1.83 0.1856 2.53 0.4908 3.23 1.0223 3.94 1.8578
0.42 0.0022 1.13 0.0437 1.84 0.1887 2.54 0.4966 3.24 1.0318 3.95 1.8720
0.43 0.0024 1.13 0.0448 1.85 0.1917 2.55 0.5025 3.25 1.0414 3.96 1.8863
0.44 0.0026 1.15 0.0460 1.86 0.1949 2.56 0.5085 3.26 1.0511 3.97 1.9007
0.45 0.0028 1.16 0.0472 1.87 0.1980 2.57 0.5145 3.27 10608 3.98 1.9151
0.46 0.0029 1.17 0.0485 1.88 0.2012 2.58 0.5205 3.28 1.0706 3.99 1.9296
0.47 0.0031 1.18 0.0497 1.89 0.2045 2.59 0.5266 3.29 1.0804
0.48 0.0033 1.19 0.0510 1.90 0.2077 2.60 0.5327 3.30 1.0903 4.00 1.9442
0.49 0.0036 1.20 0.0523 1.91 0.2110 2.61 0.5389 3.31 1.1003 4.01 1.9589
0.50 0.0038 1.21 0.0536 1.92 0.2144 2.62 0.5451 3.32 1.1103 4.02 1.9736
0.51 0.0040 1.22 0.0550 1.93 0.2177 2.63 0.5514 3.33 1.1204 4.03 1.9884
0.52 0.0043 1.23 0.0563 1.94 0.2211 2.64 0.5577 3.34 1.1305 4.04 2.0033
0.53 0.0045 1.24 0.0577 1.95 0.2246 2.65 0.5641 3.35 1.1407 4.05 2.0183
0.54 0.0048 1.25 0.0591 1.96 0.2281 2.66 0.5705 3.36 1.1510 4.06 2.0333
0.55 0.0050 1.26 0.0606 1.97 0.2316 2.67 0.5770 3.37 1.1613 4.07 2.0484
0.56 0.0053 1.27 0.0620 1.98 0.2350 2.68 0.5835 3.38 1.1717 4.08 2.0636
0.57 0.0056 1.28 0.0635 1.99 0.2387 2.69 0.5900 3.39 1.1822 4.09 2.0788
0.58 0.0059 1.29 0.0650 2.70 0.5967 3.40 1.1927 4.10 2.0941
0.59 0.0062 1.30 0.0665 2.00 0.2423 2.71 0.6033 3.41 1.2033 4.11 2.1095
0.60 0.0065 1.31 0.0681 2.01 0.2460 2.72 0.6100 3.42 1.2139 4.12 2.1250
0.61 0.0069 1.32 0.0696 2.02 0.2497 2.73 0.6168 3.43 1.2246 4.13 2.1406
0.62 0.0072 1.33 0.0712 2.03 0.2534 2.74 0.6236 3.44 1.2353 4.14 2.1562
0.63 0.0076 1.34 0.0728 2.04 0.2572 2.75 0.6305 3.45 1.2462 4.15 2.1719
0.64 0.0079 1.35 0.0745 2.05 0.2610 2.76 0.6374 3.46 1.2571 4.16 2.1877
0.65 0.0083 1.36 0.0761 2.06 0.2648 2.77 0.6443 3.47 1.2680 4.17 2.2036
0.66 0.0087 1.37 0.0778 2.07 0.2687 2.78 0.6513 3.48 1.2790 4.18 2.2195
0.67 0.0091 1.38 0.0796 2.08 0.2726 2.79 0.6584 3.49 1.2901 4.19 2.2355
0.68 0.0095 1.39 0.0813 2.09 0.2765 2.80 0.6655 3.50 1.3013 4.20 2.2516
0.69 0.0099 1.40 0.0831 2.10 0.2805 2.81 0.6727 3.51 1.3125 4.21 2.2678
0.70 0.0104 1.41 0.0849 2.11 0.2846 2.82 0.6799 3.52 1.3238 4.22 2.2840
0.71 0.0108 1.42 0.0867 2.12 0.2886 2.83 0.6872 3.53 1.3351 4.23 2.3003
0.72 0.0113 1.43 0.0885 2.13 0.2927 2.84 0.6945 3.54 1.3465 4.24 2.3167
0.73 0.0118 1.44 0.0904 2.14 0.2969 2.85 0.7019 3.55 1.3580 4.25 2.3332
0.74 0.0123 1.45 0.0923 2.15 0.3011 2.86 0.7093 3.56 1.3695 4.26 2.3498
0.75 0.0128 1.46 0.0942 2.16 0.3053 2.87 0.7168 3.57 1.3811 4.27 2.3664
0.76 0.0133 1.47 0.0962 2.17 0.3096 2.88 0.7243 3.58 1.3928 4.28 2.3831
0.77 0.0138 1.48 0.0981 2.18 0.3139 2.89 0.7319 3.59 1.4045 4.29 2.3999
0.78 0.0144 1.49 0.1001 2.19 0.3182 2.90 0.7395 3.60 1.4163 4.30 2.4168
0.79 0.0149 1.50 0.1022 2.20 0.3226 2.91 0.7472 3.61 1.4281 4.31 2.4338
0.80 0.0155 1.51 0.1042 2.21 0.3270 2.92 0.7549 3.62 1.4401 4.32 2.4508
0.81 0.0161 1.52 0.1063 2.22 0.3315 2.93 0.7627 3.63 1.4521 4.33 2.4679
0.82 0.0167 1.53 0.1084 2.23 0.3360 2.94 0.7706 3.64 1.4641 4.34 2.4851
0.83 0.0173 1.54 0.1106 2.24 0.3405 2.95 0.7785 3.65 1.4762 4.35 2.5024
0.84 0.0179 1.55 0.1127 2.25 0.3451 2.96 0.7864 3.66 1.4884 4.36 2.4197
0.85 0.0186 1.56 0.1149 2.26 0.3497 2.97 0.7944 3.67 1.5007 4.37 2.5371
0.86 0.0192 1.57 0.1172 2.27 0.3544 2.98 0.8025 3.68 1.5130 4.38 2.5547
0.87 0.0199 1.58 0.1194 2.28 0.3691 2.99 0.8106 3.69 1.5254 4.39 2.5723
0.88 0.0206 1.59 0.1217 2.29 0.3638 3.70 1.5379 4.40 2.5899
0.89 0.0213 1.60 0.1240 2.30 0.3686 3.00 0.8188 3.71 1.5504 4.41 2.6077
0.90 0.0221 1.61 0.1264 2.31 0.3735 3.01 0.8270 3.72 1.5630 4.42 2.6255
0.91 0.0228 1.62 0.1287 2.32 0.3783 3.02 0.8353 3.73 1.5757 4.43 2.6434
0.92 0.0236 1.63 0.1311 2.33 0.3833 3.03 0.8437 3.74 1.5884 4.44 2.6614
0.93 0.0243 1.64 0.1336 2.34 0.3882 3.04 0.8520 3.75 1.6012 4.45 2.6795
0.94 0.0251 1.65 0.1360 2.35 0.3932 3.05 0.8605 3.76 1.6141 4.46 2.6977
0.95 0.0259 1.66 0.1385 2.36 0.3983 3.06 0.8690 3.77 1.6270 4.47 2.7159
0.96 0.0268 1.67 0.1410 2.37 0.4034 3.07 0.8776 3.78 1.6401 4.48 2.7343
0.97 0.0276 1.68 0.1436 2.38 0.4085 3.08 0.8862 3.79 1.6531 4.49 2.7527
0.98 0.0285 1.69 0.1462 2.39 0.4137 3.09 0.8948 3.80 1.6663 4.50 2.7712
0.99 0.0294 1.70 0.1488 2.40 0.4189 3.10 0.9036 3.81 1.6795 4.51 2.7897
1.00 0.0303 1.71 0.1514 2.41 0.4242 3.11 0.9124 3.82 1.6928 4.52 2.8084

4.53 2.8272 4.91 3.6032 5.28 4.4849 5.66 5.5303 6.03 6.6946 6.41 8.0512
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TABLE 1 Continued

Block Scar
Width
(mm)

Volume
(mm3)

Width
(mm)

Volume
(mm3)

Width
(mm)

Volume
(mm3)

Block Scar
Width
(mm)

Volume
(mm3)

Width
(mm)

Volume
(mm3)

Width
(mm)

Volume
(mm3)

4.54 2.8460 4.92 3.6253 5.29 4.5105 5.67 5.5599 6.04 6.7282 6.42 8.0892
4.55 2.8649 4.93 3.6476 5.30 4.5363 5.68 5.5895 6.05 6.7618 6.43 8.1274
4.56 2.8839 4.94 3.6699 5.31 4.5621 5.69 5.6192 6.06 6.7956 6.44 8.1656
4.57 2.9030 4.95 3.6923 5.32 4.5881 5.70 5.6491 6.07 6.8295 6.45 8.2040
4.58 2.9221 4.96 3.7148 5.33 4.6141 5.71 5.6790 6.08 6.8636 6.46 8.2425
4.59 2.9414 4.97 3.7375 5.34 4.6403 5.72 5.7091 6.09 6.8977 6.47 8.2811
4.60 2.9607 4.98 3.7601 5.35 4.6665 5.73 5.7392 6.10 6.9319 6.48 8.3198
4.61 2.9801 4.99 3.7829 5.36 4.6929 5.74 5.7695 6.11 6.9663 6.49 8.3586
4.62 2.9996 5.37 4.7193 5.75 5.7999 6.12 7.0008 6.50 8.3976
4.63 3.0192 5.00 3.8058 5.38 4.7458 5.76 5.8303 6.13 7.0354 6.51 8.4367
4.64 3.0389 5.01 3.8288 5.39 4.7725 5.77 5.8609 6.14 7.0701 6.52 8.4759
4.65 3.0587 5.02 3.8519 5.40 4.7992 5.78 5.8916 6.15 7.1049 6.53 8.5153
4.66 3.0785 5.03 3.8750 5.41 4.8261 5.79 5.9224 6.16 7.1398 6.54 8.5547
4.67 3.0984 5.04 3.8983 5.42 4.8530 5.80 5.9533 6.17 7.1749 6.55 8.5943
4.68 3.1185 5.05 3.9216 5.43 4.8800 5.81 5.9844 6.18 7.2100 6.56 8.6340
4.69 3.1386 5.06 3.9451 5.44 4.9072 5.82 6.0155 6.19 7.2453 6.57 8.6739
4.70 3.1588 5.07 3.9686 5.45 4.9344 5.83 6.0467 6.20 7.2807 6.58 8.7138
4.71 3.1790 5.08 3.9922 5.46 4.9618 5.84 6.0781 6.21 7.3162 6.59 8.7539
4.72 3.1994 5.09 4.0160 5.47 4.9892 5.85 6.1095 6.22 7.3519 6.60 8.7941
4.73 3.2199 5.10 4.0398 5.48 5.0168 5.86 6.1411 6.23 7.3876 6.61 8.8344
4.74 3.2404 5.11 4.0637 5.49 5.0444 5.87 6.1728 6.24 7.4235 6.62 8.8749
4.75 3.2610 5.12 4.0877 5.50 5.0722 5.88 6.2045 6.25 7.4595 6.63 8.9154
4.76 3.2818 5.13 4.1118 5.51 5.1001 5.89 6.2364 6.26 7.4956 6.64 8.9562
4.77 3.3026 5.14 4.1360 5.52 5.1280 5.90 6.2684 6.27 7.5318 6.65 8.9970
4.78 3.3235 5.15 4.1603 5.53 5.1561 5.91 6.3006 6.28 7.5681 6.66 9.0379
4.79 3.3444 5.16 4.1847 5.54 5.1842 5.92 6.3328 6.29 7.6046 6.67 9.0790
4.80 3.3655 5.17 4.2092 5.55 5.2125 5.93 6.3651 6.30 7.6411 6.68 9.1202
4.81 3.3867 5.18 4.2338 5.56 5.2409 5.94 6.3976 6.31 7.6778 6.69 9.1615
4.82 3.4079 5.19 4.2584 5.57 5.2694 5.95 6.4301 6.32 7.7146 6.70 9.2030
4.83 3.4293 5.20 4.2832 5.58 5.2979 5.96 6.4628 6.33 7.7515 6.71 9.2446
4.84 3.4507 5.21 4.3081 5.59 5.3266 5.97 6.4956 6.34 7.7886 6.72 9.2863
4.85 3.4722 5.22 4.3330 5.60 5.3554 5.98 6.5285 6.35 7.8258 6.73 9.3281
4.86 3.4938 5.23 4.3581 5.61 5.3843 5.99 6.5615 6.36 7.8630 6.74 9.3701
4.87 3.5155 5.24 4.3833 5.62 5.4133 6.37 7.9004 6.75 9.4122
4.88 3.5373 5.25 4.4085 5.63 5.4424 6.00 6.5946 6.38 7.9380 6.76 9.4544
4.89 3.5592 5.26 4.4339 5.64 5.4716 6.01 6.6278 6.39 7.9756
4.90 3.5811 5.27 4.4593 5.65 5.5009 6.02 6.6611 6.40 8.0134

t = block width, mm Scar Width = b = D sin θ⁄2
r = radius of ring, mm Scar Volume

=
D2t
8

(θ − sin θ)
D = 2r = diameter of ring, mm
b = average scar width, mm where θ

= 2sin.−1
b
Dθ = sector angle in radians

d = scar depth, mm [Scar Volume
=

D2t
8 F 2sin21

b
D

2sinS 2sin21
b
D D G

FIG. 4 Block Scar Volume Based on the Width of the Scar

G176 − 03 (2009)

6

 



12. Precision and Bias

12.1 The precision and bias of the measurements obtained
with this test procedure will depend upon strict adherence to
the stated test procedure.

12.2 The consistency of agreement in repeated tests on the
same material will depend upon material consistency, machine
and material interaction, and close observation of the test by a
competent machine operator.

12.3 Precision—In interlaboratory tests the coefficient of
variation between laboratories (reproducibility) and the coef-
ficient of variation within a laboratory (repeatability) are
similar but vary with the material. Coefficients were found to
range from less than 10 % up to 100 % with a mean value of
approximately 25 %. Tables X1.1 and X1.2 show the coeffi-
cients of variation, which were obtained in the interlaboratory
tests with several materials.

12.3.1 In order to achieve a high confidence level in
evaluating test results, it is desirable to run a large number of
replicate tests. However, this can be quite expensive. One
must, therefore, determine an acceptable sample size, balanc-
ing cost against allowable sampling error and taking into
account the coefficient of variation of the test procedure.
Because the coefficients of variation run rather high in the
block-on-ring test, a minimum of three duplicate tests is
required for meaningful test results. Sampling error may be
reduced by further increasing sample size. (Refer to Practice
E122 for further discussion of the interrelationship between
sample size, coefficient of variation, and confidence.)

12.3.2 Table 2 shows the average values and 95 % confi-
dence limits obtained in interlaboratory tests, using a 4620
steel ring, 58 to 63 HRC.

12.4 Bias—This test method has no bias since the values
determined are specific to this test.

13. Typical Test Values
(from Interlaboratory Test Experience)

13.1 Typical test results are listed in Appendix X1.
Obviously, the range of materials run in the interlaboratory

tests was quite limited. Coefficients of variation may be
different for other plastics or different rings.

14. Discussion

14.1 Wear is usually not linear with sliding distance in this
type of test. Therefore, test results may be compared only for
tests run for the same number of revolutions.

14.2 Similarly, wear may not be linear with load in this type
of test. Therefore, test results may be compared only for tests
run under the same loading condition.

14.3 Because dry tests are so sensitive to initial surface
condition, such as adsorbed films, and to ambient conditions,
for instance humidity, the coefficients of variation tend to run
higher in dry as opposed to lubricated tests.

14.4 For those plastics, whose properties are affected by
moisture absorption, care must be taken to control the amount
of absorption to minimize the scatter or results.

15. Keywords

15.1 block-on-ring; friction; plastics; sliding; wear; wear
test

APPENDIX

(Nonmandatory Information)

X1. INTERLABORATORY TEST RESULTS

X1.1 Interlaboratory tests were conducted using Falex S-10
rings.3 The material of this ring is 4620 steel with a hardness
of 58 to 63 HRC. Tests were conducted dry and in nominal

laboratory environments. Test results are summarized in Table
X1.1.

X1.2 The results of these tests were analyzed, using the
relationships and methods contained in Practices E177 and
E691. The results of statistical of these results are in Table
X1.2.

3 Falex Model 1 Block-on-Ring Test Machine, Falex Corporation, 1020 Airpark
Dr., Sugar Grove IL, 60554-9585.

TABLE 2 Average Volume and 95 % Confidence Limits Obtained
in Interlaboratory TestsA

Material
Average
Volume
(mm3)

95 % Confidence
Limit Within
a Laboratory

(mm3)

Provisional 95 %
Confidence Limit

Between Laboratories
(mm3)

Polycarbonate with
5 % glass

52.2 24.0 23.1

Polycarbonate with
20 % glass

40.4 31.1 29.3

Polycarbonate with
40 % glass

7.5 7.3 6.0

Nylon with 5 % glass 2.2 0.61 0.88
Nylon with 20 % glass 2.2 1.0 1.4
Nylon with 40 % glass 3.3 3.2 4.1
Nylon with 13 % PTFE 3.9 1.41 2.05
PPS with 40 % glass 29.3 55.3 58.4
Vespel SP21

(filled polyimide)
0.61 0.18 1.22

A Ring measurements were not made.
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X1.2.1 Statistical Symbols—Additional symbols can be
found in Practice E177.
p number of laboratories
n number of replicates
xj an individual test result
xj average of a cell, which is the set of replicate results for a parameter in a

single laboratory for a single material
x the average of cell averages for a material
dj deviation of a cell, xj - x
Sj standard deviation of a cell
SX standard deviation of cell averages
Sr repeatability standard deviation
SR reproducibility standard deviation
Vr estimated relative standard deviation or coefficient of variation within a

laboratory for the parameter measured (repeatability), 100(Sr/x)%
VR estimated relative standard deviation or coefficient of variation between

laboratories for the parameter measured (repeatability), 100(SR/x)%

X1.2.2 Statistical Relationships—Additional statistical rela-
tionships can be found in Practice E691.

S2 5
(

1

n

~xj 2 xj!2

~n 2 1!

Sx
2 5

(
1

p

dj
2

~p 2 1!

Sr
2 5

(
1

p

Sj
2

p

SR
2 5 Sx

21
Sr

2~n 2 1!
n

TABLE X1.1 Summary of Test Results Obtained from Interlaboratory Tests

Material Laboratory Volume (mm3) (xj) Average Volume (x ) Standard Deviation (Sj) Deviations from Average (dj)

Polycarbonate with 5 % Glass A 33.75, 59.7, 59.11 50.9 12.1 -1.3
B 44.99, 63.69, 62.91 57.1 8.6 4.9
C 48.70 48.7 -3.5

Polycarbonate with 20 % Glass A 36.64, 38.38, 28.09 34.5 4.6 -5.9
B 61.99, 17.47, 59.73 46.4 20.5 6.0
C 32.97, 46.96, 41.15 40.4 5.7 0

Polycarbonate with 40 % Glass A 4.14, 6.73, 12.32 7.73 3.41 0.23
B
C 6.03, 6.71, 9.33 7.35 1.42 -0.15

Nylon with 5 % Glass A 2.43, 2.54, 2.16 2.38 0.16 0.19
B 2.05, 2.09, 1.54 1.89 0.25 -0.31
C 2.22, 2.02, 2.58 2.28 0.23 0.08

Nylon with 20 % Glass A 1.97, 2.20, 1.63 1.93 0.23 -0.27
B 2.00, 2.09, 2.05 2.05 0.40 -0.15
C 2.66, 2.12, 3.16 2.65 0.43 0.45

Nylon with 40 % Glass A 1.80, 2.13, 2.33 2.09 0.22 -1.21
B 3.12, 7.00, 2.83 4.32 1.90 1.02
C 3.94, 3.67, 2.69 3.44 0.55 0.14

Nylon with 13 % PTFE A 2.88, 3.78, 2.83 3.20 0.440 -0.70
B 4.91, 3.67, 4.48 4.35 0.510 0.45
C 3.38, 4.72, 4.18 4.10 0.550 0.20

PPS with 40 % Glass A 29.04, 3.45, 25.54 19.3 11.3 -10.4
B 58.45, 69.75, 4.80 44.3 28.3 14.6
C 35.32, 2.33, 35.43 24.4 15.6 15.3

Filled Polyimide (Vespel SP21) A 1.05, 1.05, 1.17 1.10 0.057 0.47
B 0.201, 0.318, 0.323 0.281 0.056 -0.35
C 0.533, 0.378 0.455 0.078 -0.18

TABLE X1.2 Statistical Analyses of the Test Results of Interlaboratory Tests

Material
Average Volume

(mm3) (x)
Repeatability Standard
Deviation (mm3) (Sr)

Reproducibility Standard
Deviation (mm3) (SR)

Vr (%)
(repeatability)

VR (%)
(reproducibility)

Polycarbonate with 5 % glass 52.2 8.6 7.8 16 15
Polycarbonate with 20 % glass 40.4 12.6 11.2 31 28
Polycarbonate with 40 % glass 7.5 2.6 2.15 35 28
Nylon with 5 % glass 2.2 0.22 0.31 10 14
Nylon with 20 % glass 2.2 0.36 0.49 16 20
Nylon with 40 % glass 3.3 1.1 1.5 35 45
Nylon with 13 % PTFE 3.9 0.50 0.73 13 19
PPS with 40 % glass 29.3 19.8 20.9 67 71
Vespel SP21 (filled polyimide) 0.61 0.064 0.43 10 71
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ASTM International 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 International 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 International, 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). Permission rights to photocopy the standard may also be secured from the ASTM website (www.astm.org/
COPYRIGHT/).
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