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Standard Test Method for
- - 1
Conducting Wet Sand/Rubber Wheel Abrasion Tests
This standard is issued under the fixed designation G 105; 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 epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 3. Terminology

1.1 This test method covers laboratory procedures for de- 3.1 abrasive wearwear due to hard particles or hard
termining the resistance of metallic materials to scratchingrotuberances forced against and moving along a solid surface
abrasion by means of the wet sand/rubber wheel test. It is th@erminology G 40).
intent of this procedure to provide data that will reproducibly 3.1.1 Discussior—This definition covers several different
rank materials in their resistance to scratching abrasion undevear modes or mechanisms that fall under the abrasive wear
a specified set of conditions. category. These modes may degrade a surface by scratching,

1.2 Abrasion test results are reported as volume loss ioutting, deformation, or gougingl and 2).”8
cubic millimeters. Materials of higher abrasion resistance will
have a lower volume loss. 4. Summary of Test Method

1.3 Values stated in Sl units are to be regarded as the 4.1 The wet sand/rubber wheel abrasion test (Fig. 1) in-
standard. Inch-pound units are provided for information only.volves the abrading of a standard test specimen with a slurry

1.4 This standard does not purport to address all of thecontaining grit of controlled size and composition. The abra-
safety concerns, if any, associated with its use. It is thesive is introduced between the test specimen and a rotating
responsibility of the user of this standard to establish appro-wheel with a neoprene rubber tire or rim of a specified
priate safety and health practices and determine the applicahardness. The test specimen is pressed against the rotating

bility of regulatory limitations prior to use. wheel at a specified force by means of a lever arm while the
grit abrades the test surface. The rotation of the wheel is such

2. Referenced Documents that stirring paddles on both sides agitate the abrasive slurry
2.1 ASTM Standards: through which it passes to provide grit particles to be carried

D 2000 Classification System for Rubber Products in Auto-across the contact face in the direction of wheel rotation.
motive Applications
D 2240 Test Method for Rubber Property—Durometer |

Hardnes3 :
E 11 Specification for Wire-Cloth and Sieves for Testing |
Purposeg STIRRING PADDLES %
E 122 Practice for Calculating Sample Size to Estimate, —
With a Specified Tolerable Error, the Average for a WEIGHTS

Characteristic of a Lot or Procéss RUBBER
E 177 Practice for Use of the Terms Precision and Bias in "MMED
ASTM Test Method$ e
G 40 Terminology Relating to Wear and Erosion
2.2 Other Standard: STEEL WHEEL
SAE J206

SPECIMEN

SILCA SAND SLURRY SLURRY CHAMBER
FIG. 1 Schematic Diagram of the Wear Test Apparatus

1 This test method is under the jurisdiction of ASTM Committee G02 on Wear
and Erosion and is the direct responsibility of Subcommittee G02.30 on Abrasive
Wear. 4.2 Three wheels are required with nominal Shore A
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tolerance of-2.0. Arun-in is conducted with the 50 Durometer TOFT 3B KEY
wheel, followed by the test with 50, 60, and 70 Durometer ‘
wheels in order of increasing hardness. Specimens are weighed
before and after each run and the loss in mass recorded. The
logarithms of mass loss are plotted as a function of measured
rubber wheel hardness and a test value is determined from a
least square line as the mass loss at 60.0 Durometer. It is
necessary to convert the mass loss to volume loss, due to wid
differences in density of materials, in order to obtain a ranking
of materials. Abrasion is then reported as volume loss in cubic
millimetres.

NEOPRENE RUBBER ]

3/4 REAM

7.0+0V0

5. Significance and Use (1-7)

5.1 The severity of abrasive wear in any system will depend
upon the abrasive particle size, shape and hardness, the
magnitude of the stress imposed by the particle, and the
frequency of contact of the abrasive particle. In this test STEEL DISC
method these conditions are standardized to develop a uniform s o 10
condition of wear which has been referred to as scratching ~ ““™****™™
abrasion(1 and 2). Since the test method does not attempt to
duplicate all of the process conditions (abrasive size, shape.
pressure, impact or corrosive elements), it should not be use
to predict the exact resistance of a given material in a specifi
environment. The value of the test method lies in predicting the
ranking of materials in a similar relative order of merit as
would occur in an abrasive environment. Volume loss date
obtained from test materials whose lives are unknown in ¢
specific abrasive environment may, however, be compare
with test data obtained from a material whose life is known in
the same environment. The comparison will provide a genere
indication of the worth of the unknown materials if abrasion is
the predominant factor causing deterioration of the materials

RUBBER HARDNESS -
1 EACH DUROMETER:
AS02
ABD2
ATO2 —

FIG. 2 Rubber Wheel

6. Apparatus °

6.1 Fig. 2 shows a typical design and Figs. 3 and 4 ar¢
photographs of a test apparatus. (See(Ref Several elements
are of critical importance to ensure uniformity in test results
among laboratories. These are the type of rubber used on tt
wheel, the type of abrasive and its shape, uniformity of the tes.
apparatus, a suitable lever arm system to apply the required FIG. 3 Test Apparatus with Slurry Chamber Cover Removed
forcel© and test material uniformity.

6.1.1 Discussior—The location of the pivot point between . . .
the lever arm and the specimen holder must be directly in Iin(l,\Oadlng arm, a var_lable, undefined, and u_ncpmpensated torque
with the test specimen surface. Unless the tangent to the Whe@ﬁilom the pivot will be (_:aused by the frictional drag OT the
at the center point of the area or line of contact between th&’ egl against the specimen. Therefore, the true loading of
ecimen against the wheel cannot be known.

wheel and specimen also passes through the pivot axis of thsé)6.2 Rubber Wheel-Each wheel shall consist of a steel disk

with an outer layer of neoprene rubber molded to its periphery.
The rubber is bonded to the rim and cured in a suitable steel

9 Present users of this practice may have constructed their own equipmen, ; ; ;
Rubber wheel abrasion testing equipment is commercially available. Rubber wheersnOId' Wheels are nomma"y 178 mm (7 m') diameter by 13

or remolded rims on wheel hubs can be obtained through the manufacturer(s). mm (]/2 'n-) wide (See F'Q- 2)- The rubber will conform to
10 An apparatus design that is commercially available is depicted both schema€lassification D 2000 (SAE J200).

ically and in photographs in Figs. 1-4. Although it has been used by several § 2 1 The 50 Durometer wheel will be in accordance with

laboratories (including those running interlaboratory tests) to obtain wear data, i

incorporates what may be considered a design flaw. The location of the pivot poir#B(:515K]':I'Z]'ZZZ";"ZAr

between the lever arm and the specimen holder is not directly in line with the test Where:

specimen surface. Unless the tangent to the wheel at the center point of the areaZﬂ__Elastomer_Neoprene GW,

line of contact between the wheel and specimen also passes through the pivot a)z'sz_-rype A Durometer hardness 56 2,

of the loading arm, a variable, undefined, and uncompensated torque about the piv.
will be caused by the frictional drag of the wheel against the specimen. Thereforeg:s_l\lOt less than 50 % rubber hydrocarbon content, and

the true loading of specimen against the wheel cannot be known. Z4—Medium thermal black reinforcement.
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FIG. 4 Test Apparatus in Operation

6.2.2 The 60 Durometer wheel will be in accordance witha force is applied along the horizontal diametral line of the

2BC615K1171727374
where:

Z1, Z3, and Z4 are the same as for 6.2.1, and

Z2—Type A Durometer hardness 69 2.
6.2.3 The 70 Durometer wheel will be in accordance withforce exerted by the rubber wheel on the specimen with the

2BC715K1171727374
where:

Z1, Z3, and Z4 are the same as for 6.2.1, and

Z2—Type A Durometer hardness 79 2.
6.2.4 The compounds suggested for the 50, 60, and 7t pull the specimen holder away from the wheel, or with a

wheel. An appropriate weight must be used to apply a force of

222 N (50 Ibf) between the test specimen positioned in the
specimen holder and the wheel. The weight has a mass of
approximately 9.5 kg (21 Ib) and must be adjusted so that the

rubber wheel at rest has a value of 222.8.6 N (50.0+ 0.8

Ibf). This force may be determined by calculation of the
moments acting around the pivot point for the lever arm or by
direct measurement, for example, by noting the load required

Durometer rubber wheels are as follows: proving ring.
Content (pph) 6.6 Analytical Balance-The balance used to measure the

Ingredient 50 60 70 loss in mass of the test specimen shall have a sensitivity of
Neoprene GW 100 100 100 0.0001 g. A150 g capacity bglance is recommended to accom-
Magnesia® 2 2 2 modate thicker or high density specimens.
Zinc Oxide® 10 10 10 .
Octamine 2 2 2 7. Reagents and Materials
Stearic Acid 05 05 05 . . .
SRE Carbon Black® - g o 7.1 Abrasive Slurry—The abrasive slurry used in the test
ASTM #3 il 14 10 10 shall consist of a mixture of 0.940 kg of deionized water and

A Maglite D (Merck)
B Kadox 15 (New Jersey Zinc)

1.500 kg of a rounded grain quartz sand as typified by AFS
50/70 Test Sand (-50/ +70 mesh, or =230/ +270 um) furnished

€ ASTM Grade N762 . by the qualified sourc&:
6.2.5 Wheels are molded under pressure. Cure times of 40'7 2 AFS 50/70 test sand is controlled by the qualified source
to 60 min at 153°C (307°F) are used to minimize “heat-to-tg the following size range using U.S. Sieves (Specification

heat” variations. E 11).

6.3 Motor Drive—The wheel is driven by a 0.75-kw (1_hp) U.S. Sieve Size Sieve Opening %Retained on Sieve
electric motor and suitable gear box to ensure that full torque 40 425 pm (0.0165 in.) None
is delivered during the test. The rate of revolution (245 50 300 um (0.0117 in)) 5 max
rpm) must remain constant under load. Other drives producing o 22 o Eg:gggg ::; Nonf‘P";'S“Smg

245 rpm under load are suitable. ) .
6.4 Wheel Revolution CounterThe machine shall be 7.2.1 Multiple use of the sand may affect the test compari-

equipped with a revolution counter that will monitor the SONS.

number of wheel revolutions as specified in the procedure. Itig Sampling, Test Specimen, and Test Units

recommended that the incremental counter have the ability to 8.1 Test Unit—Use anv metallic material form for abrasion
shut off the machine after a preselected number of wheel "' y

revolutions or increments up to 5000 revolutions is attained. testing by this method. This includes wrought metals, castings,

6.5 Specimen Holder and Lever ArAilhe specimen holder
is attached to the lever arm to which weights are added so that ** Available from Ottawa Silica Co., P.O. Box 577, Ottawa, IL 61350.
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forgings, weld overlays, thermal spray deposits, powder met9. Procedure

als, electroplates, cermets, etc. 9.1 Thoroughly rinse the slurry chamber before the test to
8.2 Test SpecimenThe test specimens are rectangular ineliminate any remnants of slurry from a previous test.

shape, 25.4 0.8 mm (1.00+ 0.03 in.) wide by 57.2+ 0.8 9.2 Install the rubber wheel of nominal 50 Durometer and

mm (2.25+- 0.03 in.) long by 6.4 to 15.9 mm (0.25 to 0.625 in.) measure and record its hardness.

tthk Th_e test surface should be flat within 0.125 mm (0005 9.2.1 Take at least four (preferab|y e|ght) hardness readings

in.) maximum. at equally spaced locations around the periphery of the rubber
8.2.1 For specimens less than 9.5 mm thick (0.375 in.), useheel using a Shore A Durometer tester in accordance with

a shim in the specimen holder to bring the specimen to a heightest Method D 2240. Take gage readings after a dwell time of

of 9.5 mm. 5 s. Report average hardness in the form: A/48.6/5, where A is
8.3 Wrought and Cast Meta+Specimens may be machined the type of Durometer, 48.6 the average of the readings, and 5
to size directly from raw material. the time in seconds that the pressure foot of the tester is in firm

8.4 Weld deposits are applied to one flat surface of the tesciontact with the rubber rim surface. The 5-s dwell time for the
: jjessure foot in contact with the rubber rim should be

piece. Double-weld passes are recommended to prevent well \v adhered t
dilution by the base metal. Note that welder technique, hedf90rously adnered to. . .
9.3 Prior to testing, demagnetize each steel specimen. Then

input of welds, and the flame adjustment of gas welds will have ; ; )
an effect on the abrasion resistance of the weld deposit. Welff)lean each specimen of all dirt and foreign matter, and degrease

deposits should be made on a thick enough substrate, 12.7 mfh ?cetone |mmed|ately pnc&r to we:ghmg. Mat_erlals W'thb
(0.5in.) minimum suggested, to prevent distortion. If distortion>Surtace porosity (some powder metals or ceramics) must be

occurs, the specimen may be mechanically straightened led to iemov?jz_all g}aces ?f t.hT cleaning agents that may have
ground or both. een entrapped in the material.

8.4.1 Inorder to develon a suitable wear scar. the surface to 9.4 Weigh the specimen to the nearest 0.0001 g.
L velop a sl wear scar, surta 9.5 Set the revolution counter to shut off automatically after
be abraded must be ground flat to produce a smooth, level

) V9000 wheel revolutions.
surface. A test surface without square (30°) edges, having 89.6 Install the specimen in the specimen holder, using an

level ;urfa(_:e at least 50.8 mm (2.00 in.) I_o_ng and 19.1 mmappropriate shim if the specimen surface is less than 9.5 mm
(0.75in.) wide, is acceptable if it can be positioned to show the )

i above the holder seat surface; then install the holder in position
full length and width of the wear scar developed by the test for testing. Fill the slurry chamber with 1.500 kg of the quartz

~ 8.5 Coatings—This test may be unsuitable for some coat-gang and 0.940 kg of deionized water at room temperature, and
ings, depending on their thickness, wear resistance, bond to thgace a cover over the top of the slurry chamber to prevent the
substrate, and other factors. The criterion for acceptability igjyrry from splashing out.

the ability of the coating to resist penetration to its substrate g 7 siart wheel rotation. The rubber wheels are rotated at
during conduct of the test. Mo<_jified procedures for coatings)45 rpm, or 2.28 m/s (449 ft/min) peripheral surface speed.
may be developed based on this procedure. 9.8 Lower the specimen holder carefully against the wheel
8.6 Finish—Test specimens should be smooth, flat and frego prevent bouncing and to apply a force of 222 N (50 Ib)
of scale. Surface defects such as porosity and roughness mayainst the test specimen. A wear scar is run-in for 1000 wheel
bias the test results, and such specimens should be avoideglolutions. Each 1000 revolutions produces 558.6 m (1832.6
unless the surface itself is under investigation. Exceptingt) of lineal abrasion assuming a 177.8 m diameter wheel. The
coatings, the last 0.3 mm (0.01 in.) of stock on the test surfacgun-in removes the surface layer and exposes fresh material
(or surfaces in cases where both major surfaces are to be testefiat is not affected by the surface preparation.
should be carefully wet ground to a surface finish of about 0.5 g g Following the run-in, remove the specimen from the
to 0.75 um (20 to 30 uin.) arithmetic average as measuregiurry chamber. Clean, dry, and reweigh the specimen to the
across the direction of grinding. The direction of the grindingnearest 0.0001 g. Drain the slurry from the chamber and
should be parallel to the longest axis of the specimen. Thgiscard it.
finished surface should be free of artifacts of specimen heat g 10 The actual abrasion test is conducted on the same wear
treatment or preparation such as unintentional carburization Qfcar starting with either the same 50 Durometer rubber wheel
decarburization, heat checks, porosity, slag inclusions, gagsed for the run-in, or with another 50 Durometer rubber
voids, etc. wheel. It is essential to install the specimen in the specimen
8.6.1 Thin coatings may be tested in the as-coated conditioholder with the same orientation and position each time.
since surface grinding, especially of those less than about 0.39.11 Follow the same procedure as used for the run-in,
mm (0.01 in.) thick, can penetrate the coating or cause it to beepeating steps 9.1-9.9 with the normally 50, 60, and 70
so thin that it will not survive that test without penetration. The Durometer rubber wheels, in order of increasing hardness.
finish of the substrate test surface prior to coating should be 9 12 Preparation and Care of Rubber Wheel®ress the
such to minimize irregularities in the coated surface. Grindingperiphery of all new rubber wheels and make concentric to the
of this surface as directed in 8.6 is suggested for coatings lessore of the steel disk upon which the rubber is mounted. The

than 0.15 mm (0.005 in.) thick. concentricity of the rim shall be within 0.05 mm (0.002 in.)
8.6.2 The type of surface or surface preparation shall béotal indicator reading on the diameter. The intent is to produce
stated in the data sheet. a uniform surface that will run tangent to the test specimen
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without causing vibration or hopping of the lever arm. The or
wear scars shall be rectangular in shape and of uniform depth 7.000% 0.500% Actual Mass Losgg)
at any section across the width (Fig. 5). ~ Actual Diameter(in.) X Actual Width(in.)

9.12.1 It is recommended that rubber wheels be dressed : .
. . ; . 10.2 Plot normalized mass loss values (that is, three values
again after accumulating approximately 6000 revolutions dur

ina testing.  Experience has shown that more than 6006or each sample material) on a logarithmic scale against the
re?/olutiong.ma phave an adverse effect on the reproducibilit corresponding rubber wheel hardness plotted on a linear scale.
of results y P Yhe final test result is obtained by fitting a least square line to

9.12.2 Dress rubber wheels whenever they develop groovetge three data points and solving the equation of the line for the

o Mmass loss corresponding to a rubber hardness of exactly 60
or striations, or when they wear unevenly so as to develo

. . Burometer. An example of the procedure is presented in
trapezoidal or uneven wear scars on the test specimen. .
9.12.3 The rubber wheel may be used until the diameter iSAppendlx X1. . .
T 10.3 Volume Loss-While 60 Durometer normalized mass

reduced to 165 mm (6.50 in.). The shelf life of the rubber rim . .
. loss results should be reported and may be used internally in
may not exceed two years. Store wheels so that there is ng

. st laboratories to compare materials of equivalent or near
force on the rubber surface. New rubber rims may be mounted™ . " o .
. o equivalent densities, it is essential that all users of the test
on steel disks by the qualified sourte.

9.13 Wheel Dressing ProcedureA recommended dressing procedure report _thelr results umfo_rmly as vol_ume loss in
; L reports or publications so that there is no confusion caused by

procedure for the periphery of the rubber rim is to mount the ~"." ) .

. o variations in density. Convert mass loss to volume loss as

wheel on an expandable arbor in a lathe and grind it squarg) e

with a freshly dressed grinding wheel such as a Norton '

38A60J5VBE, having dimensions of approximately Volume Loss. mp— Mass Losdg) X 1000

130X 13X 13 mm (5X ¥2 X ¥2in.), rotating at a speed of ' Density(g/cn)

3500 rpm, while the rubber wheel rotates at 86 rpm. The rubbe{1 Precision and Bias

wheel should be cross-fed at 0.43 mm (0.017 in.) per revolu=""

tion. After dressing, measure each rubber wheel carefully to 11.1 The precision and bias of the measurements obtained

determine the diameter and width of the rubber rim. with this test procedure will depend upon strict adherence to
the stated test parameters.
10. Calculation of Results 11.1.1 The coefficient of correlatiom)(for the three mass

10.1 Test results obtained are three mass loss values l@ss values determined in a test shall be calculated in accor-

grams corresponding to the three average Durometer hardne@gnce with Annex Al. The quantity varies between -1
values obtained for the nominally 50, 60, and 70 Duromete@nd +1. Either value means that the correlation is perfest
rubber wheels. Normalize mass loss values to correspond to tfi@eans that there is no correlation. Data givingvalues
travel of a wheel having a diameter of 177.8 mm (7.000 in.)between 0.95 and -0.95 should be scrutinized for causes of
and a width of 12.7 mm (0.500 in.) using the following Scatter.

formula: 11.2 The degree of agreement in repeated tests on the same

Normalized Mass Loss in Grams material will depend upon material homogeneity, machine and
material interaction, and close observation of the test by a
competent machine operator.

11.3 Normal variations in the abrasive material, rubber
wheel characteristics, and procedure will tend to reduce the
accuracy of the practice as compared to the accuracy of such
material property tests as hardness or density. Properly con-
ducted tests will, however, maintain a 7 % or less coefficient of
variation of volume loss values that will characterize the
abrasion resistance of materials (see Annex Al).

11.4 Initial Machine Operation and QualificatieaThe
number of tests required to establish the precision of the
machine for initial machine operation shall be at least five. The
test samples shall be taken from the same homogeneous
material.

11.4.1 The standard deviation from the mean average shall
be calculated from the accumulated test results and reduced to
the coefficient of variation in accordance with Annex Al. The
coefficient of variation shall not exceed 7 % in materials of the
2 to 60 mn? volume loss range. If this value is exceeded, the
machine operation shall be considered out of control and steps
taken to eliminate erratic results.

11.4.2 In any test series all data must be considered in the
FIG. 5 Typical Uniform Wear Scar calculation, including outliers (data exceeding the obvious

177.8x 12.7 X Actual Mass Los$Q)

~ Actual Diamete(mm,) X Actual Width(mm.,)
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range). For example, an exceedingly high or low volume losde based on established statistical methods Practice E 122,

must not be disregarded except in the case of observed faulBractice E 177, andSTM STP 15B2

machine operation, or obvious test specimen anomaly. 11.6 Reference materials should be used for periodic moni-
11.5 While two or more laboratories may develop test datdoring of the test apparatus and procedures in individual

that is within the acceptable coefficient of variation for their laboratories. (A satisfactory reference material for this test has

own individual test apparatus, their actual averages may beot yet been established through laboratory testing.)

relatively far apart. The selection of sample size and the

method for establishing the significance of the difference int2- Keywords

averages shall be agreed upon between laboratories and shalll2.1 abrasive wear test; metallic materials; rubber wheel;

scratching abrasion; wet sand

12 Manual on Presentation of Data and Control Chart Analysis, ASTM STP 150
ASTM, 1976.

ANNEX
(Mandatory Information)

Al. SOME STATISTICAL CONSIDERATIONS IN ABRASION TESTING

Al.1 Backgroune-The wet sand/rubber wheel abrasion coefficient of variation are used in the statistical analysis of
test as developed and described by Haworth, Borik, and othedata. To ensure uniformity among laboratories using the wet
(see Refq1-4), p. 18) has been in various stages of evolutionsand/rubber wheel test, the standard deviation and coefficient
and use over the last two or more decades. A number aobf variation of results produced from a series of tests shall be
variations of this test procedure have been used by severahlculated by the following formulas:
research and industrial laboratories in the United States whg

= standard deviation (small sample size, 2 to 10) = R/d, 1)
were faced with the problem of evaluating hardfacing alloys;s = standard deviation (any sample size) @
castings, and wrought products for their resistance to abrasive - Vx-X/n-1

. . . . = % coefficient of variation = (s/x) X 100 3)
wear. Ind|V|c_iuaI Iaboratorle_s set their own test parameters _Wr_[b, = sample size (95 % confidence level)
the goal being the generation of reproducible test data within = (1.96 ve) @)
the laboratory. As the need for standardization became appary

ent, in 1962 The Society of Automotive Engineers established her?:

a division (No. 18) of the Iron and Steel Technical Committee y,
(ISTC) to achieve this end. This was not accomplished and in,
1983, subcommittee G02.30 formed a task group with they
objective of producing an ASTM Standard Practice. In previ- Sx
ous round-robins conducted by the SAE group, it has beem
evident that the variability of experimental error inherent in e allowable sampling error, %,
each laboratory is a factor that must be considered. Not onlyR difference between the highest and lowest test value,
must the test method, apparatus, and individual operator and
generate correct results (bias) but the test results must bé, deviation factor, which varies with sample size
consistently reproducible (precision) within an acceptable (Table A1.1)
narrow range. Another important consideration in developing
accurate and precise test results is the selection of adequate
sample size. More specifically this was the need for laborato- A1.3 Use of Statistical MethodsIn evaluating the preci-
ries to agree on the number of times a test should be repeatsibn and accuracy of any test procedure, new users must deal
on a given homogeneous material in order to obtain a mearwith the concepts of mean averages, standard deviation from
ingful average result. While the single test results and simplé¢he mean, variability of test results, range of results, allowable
arithmetic averaging may in some few cases be useful isampling error, and particularly the effect of sample size. While
individual laboratories, it is essential that statistical techniqued is obvious that a large number of tests on the same material
and multiple testing of specimens be utilized for the qualifica-s desirable and will yield a high confidence level in evaluating
tion of each test apparatus, and for the comparison of materialgest results, many abrasion test evaluations are made on a small
Further information on statistical methods may be found innumber of samples. This is due to the fact that in much
Practice E 122STP 150 and in the references. abrasion work, large numbers of test specimens are just not
available. In addition to this a new user is concerned with
Al.2 Statistical Formulas-Several formulas for the cal- evaluating the accuracy of his first few (2 or 3) test results
culation of optimum sample size, standard deviation, andluring the initial test campaign which certainly should not

standard deviation from the mean,
variability of the test procedure, %,

value of each test result (volume loss in Mm
mean of arithmetic average for n tests,

sum total of all test values,

number of tests or observations,
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TABLE Al1.1 Minimum Acceptable Sample Size () for 95 % Number of tests () -3
Confidence Level Volume loss data (x) = 13.7 mm?, 15.5 mm?3, 17.9 mm?,
Allowable Sampling Error ( %) Average of volume loss () = 15.7 mTB’
Range of test = 4.2 mm°,
Coefficient of Variation (V) Standard deviation (s) = 42 = 236

n 1% 2% 3% 4% 5% 6 % 7% 8% 10% Coefficient of variation (v) = %s‘ﬁ%BX 100 = (2.36/15.7) X 100 = 15.0 %.

; 12 ‘11 oo Al1.4.2.1 Note that the 15.0 % variation is well above the
3 35 9 2 3 2 7 - - - acceptable 7 % maximum as indicated in 11.4.1 of the stan-
4 62 16 7 4 3 2 2 dard. It is obvious that either this particular test apparatus or
5 9% 24 1 6 43 2 2 1 procedure was out of control, or the variability of the hardfac-
6 35 16 9 6 4 3 2 2 ! . . A

7 7 o1 12 8 6 2 3 5 ing deposit was such to cause this large variation in test results.
8 62 28 16 10 7 5 4 3 )

9 78 35 20 13 9 7 5 4 Al1.5 Large Sample Size (10 or Over):
10 96 43 24 16 11 8 6 4

Al1.5.1 Example 2-This example shows the analysis for
the coefficient of variation of ten abrasion tests made upon
normalized 1090 steel. The standard deviation was calculated
E)om Formula 2 and the test data are set down in the following

inspire much confidence because of the small number of test h
However, even with this admittedly small sample size, the uset®'™Mat: B 2
may calculate the variability of results, which may give a TestNumber x X=X x =X

.. . L 1 6.02 -0.43 0.1849

general indication of precision of the apparatus and test > 6.34 031 0.0961
method. As more data are accumulated from the same homo- 3 6.75 0.10 0.0100
geneous material and new data are accumulated from different ¢ P o ppiepe
materials, the accumulated variability va_lu_es may be averaged 6 708 43 0.1849
to provide a better estimate of the precision of the apparatus 7 6.26 -0.39 0.1521
8 6.96 0.31 0.0961

and procedure. 9 6.85 0.20 0.0400
10 6.07 -0.58 0.3364

Al.4 Small Sample Size (2 to 10): =645 21375 = S(x- A2

Al.4.1 In statistical analysis the estimated standard devias = \/S(x— x%(n - 1) = \/2.1375/9 = \/0.2375 =0.4873
tions of large sample sizes (over 10) are derived from the/ = (s/X) X 100 = (0.4873/6.45) 100 = 7.56 %
square root of the mean square of deviations from the average.A1.5.1.1 In this particular test series the 7.56 % coefficient
A typical user of this test procedure will more likely start out of variation indicated the test procedure was slightly outside of
with less than 10 test results. In these cases the standagdtisfactory control.
deviation(s) is more efficiently derived from the range (R) of ) ) .
the sample observation than from the root mean square. ForAl.6 Estimated Sample Size and Allowable Sampling
such samples the standard deviation is obtained by multiplyin&'or:
the range of available observations (the difference between the A1.6.1 As indicated previously the availability of multiple
highest and lowest numerical value) by a deviation factottest specimens in abrasion testing is sometimes limited. When
(Formula 1) that varies with the sample size. Once the standattiis occurs the user must have some criterion upon which to
deviation is obtained, the percent coefficient of variation isjudge the minimum acceptable sample size for meaningful
attained by dividing the standard deviation by the average tesesults. Practice E 122 describes the choice of sample size to
value X and multiplying by 100. The deviation factor is estimate the average quality of a lot or process. The following
obtained from Table Al.2. formula takes into account the allowable sampling error and
Al1.4.2 Example +-This example shows typical analysis the inherent variability of experimental error of the test method
for standard deviation and coefficient of variation of actual datgcoefficient of variation),

from three abrasion tests made upon a Co-Cr-C hardfacing h— (1.96V/e)

alloy deposit. o
Al1.6.2 Table Al.1 is based upon this formula. It indicates a
5 % probability that the difference between the sample estimate
TABLE Al1.2 Factors for Estimating Standard Deviation from the of the mean valug, and that obtainable from averaging all
Range on the Basis of Sampling Size values from a very high number of tests, will exceed the
Sample Size (1) d 1d, allowable sampling errorej. This corresponds to a 95 %
2 1128 0.8865 confidence level which is an appropriate criterion for abrasion
3 1.693 0.5907 tests. For example, if the coefficient of variation of the test
4 2.059 0.4857 apparatus as determined by multiple testing is 7 %, the
g ;;322 8:‘31532 minimum sample sizenj would be 8 in order to obtain a 5 %
7 2.704 0.3698 allowable sampling error. Note, however, that if the test results
g 52‘7‘(7) 8'225 for the 8 samples does not generate a coefficient of variation of
10 3078 0.3249 7 ‘l’(Aa or less, the test is not valid and corrective action must be
taken.
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Al.7 Typical Volume Loss ValuesThe wet sand/rubber

wheel test will produce volume losses in metallic materials
ranging from about 0.25 to 100 nfmThe more abrasion-

resistant materials will develop the least volume loss. Tablel.
A1.3 shows typical volume loss ranges that may be expected i@'
the metals listed. These test data were obtained in the last SAE
round-robin and represent a population between different.

- 02
TABLE A1.3 Typical Volume Loss Range
Material Volume 3I?oss| Speu_flc
mm Gravity

304 Stainless Steel bar HRB 78 55 + 14 8.0
T-1 Low Alloy Steel bar HRC 24 20+ 7 7.86
AISI 1090 Steel plate normalized 900°C 6.7 £ 2.0 7.84
HRC 30
AISI D2 Tool Steel hardened and tempered 1.2 £0.2 7.6
HRC 60

laboratories. Within the same laboratory, reproducibility of test

results will be better than the values shown. They are offered as”Falex Corporation, 1020 Airpark Drive, Sugar Grove, IL (USA).

guidelines only and not as purchasing specifications or as
standard reference specimens. Any material specifications

me, greater accuracy in material ranking may require a

involving this test method must be by agreement between thmodified procedure, for example, use of 5000 revolutions per
seller and the purchaser. When volume losses are less tharrdbber wheel.

APPENDI

(Nonmandatory Inf

X

ormation)

X1. SAMPLE COMPUTATION OF MASS LOSS AT 60 DUROMETER HARDNESS BY MEANS OF A LEAST SQUARE LINE

X(;(l.l leenXthiof?II0W|ng:X . e 5134679 —1702;)84577
urometer 1 = 50. », =509. = 66. _ _
Hardness) 3 Y = —0.32523+ 3066001 (X — 58.36667
W (Weight W, =0.201 W, = 0523 W, = 1.006 10347.01- —
Loss, ) (X1.2)
Y (Logarithm Y, = -0.69680 Y, = -0.28150 Y, = 0.00260
of Weight or
Loss) _
X1.1.1 Least Square Line Equation: Y= ~0.32523+ 0.04411(X ~ 58.36667
SXSY At X =60, the logarithm of the normalized weight loss can
XY - B be computed from (Eq X1.2):
VEYr a7 XX (X1.1) Y = —0.32523+ 0.0441160 — 58.3666F (X1.3)
AN Y = —0.25319= Log W
where: W = 0.558 grams
Y = logarithm of weight loss = LodV, X1.1.2 Coefficient of Correlation:
X = durometer hardness, X1.1.2.1 The coefficient of correlatiorr, a measure of
Y = average ofY, scatter around the least equal line is computed according to the
X = average o, following expression:
N = 3 (number of points), and
> = Sum [ AMeg— VP
X1.1.1.1 Determination of Individual Terms in (Eq X1.1): r== (Y - Y (X1.4)
where: _ _ _
Y = —0.69680— 0.28150+ 0.00260 E(Yest™ Y= (Yiesm Y2+ (Yoes= Y)*+ (Yaesm Y)?
3 = - and _ _ _
0.32523, (Y= Y= (Y= Y+ (Yom Y2+ (Ya— )
XY = (50.1)(-0.69680) + (59.0)(-0.28150) + X1.1.2.2 Using Equation of the Least Square Line (Eq
(66.0)(0.00260) = 51.34679, X1.2) and substituting values of;, X, and X5, as given, the
SXSY = (50.1+59.0 +66.0)(-0.69680 — 0.28150 + 0.00269)__, V,..,and Ys...are calculated as follows:
=170.84577, _ B
SX2 = (50.1) + (59.0f + (66.0F = 10347.01, Vies= ~0.32523+ 0.04411X, — 58.36667
(=X)? = (50.1+59.0 + 66.6)= 30660.01, and For X; =50.1, Y= —0.68987
X = 50.1+ 59.0+ 66.0

3 = 58.36667.
X1.1.1.2 By Substitution Into (Eq X1.1):

Yyest= —0.32523+ 0.04411X, — 58.36667F
For X, = 59.0, Yo = —0.29729
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Yaeq= —0.32523+ 0.04411X, — 58.36667
FOr X5 = 66.0, Yae= 0.01148
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