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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting:{Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 206, Fine ceramics.
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INTERNATIONAL STANDARD

ISO 26424:2008(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Determination of the abrasion resistance of
coatings by a micro-scale abrasion test

1 $cope

This

means of a micro-scale abrasion wear test based on the well-known crater-grinding technig

coati

The
tests

The

in Clause 9 applies only to flat samples. For non-planar samplés, a more complicated analy
requifing the use of numerical methods, is required.

2

The
refer

docupent (including any amendments) appliés.

ISO 3290-1, Rolling bearings — Balls — Part 1: Steel balls

ISO/

3
Fort

3.1
abra
abra
K

Terms and definitions

nternational Standard specifies a method for measuring the abrasive wear raté |of cerami
ng thickness determination in 1SO 26423 [11],

ethod can provide data on both coating and substrate wear rates, €ither by performing
or by careful analysis of the data from a single test series.

method can be applied to samples with planar or non-planar_ surfaces, but the results analy

Normative references

following referenced documents are indispénsable for the application of this documen
g¢nces, only the edition cited applies. Fer undated references, the latest edition of th

IIEC 17025, General requirements for the competence of testing and calibration laboratories

e purposes. of this document, the following terms and definitions apply.

Sive-wear rate
5ive wear coefficient

coatings by
ue used for

WO separate

5is described
sis, possibly

t. For dated
b referenced

volume of material removed in unit sliding distance under a normal contact load of 1 N

4 Significance and use

Although few protective coatings are subject to single wear processes, the abrasive wear resistance of such
coatings can play a decisive role in their performance. Hence, knowledge of the abrasive wear resistance of
ceramic coatings can help in the proper selection of coatings for applications where abrasion plays a major
role in their degradation. Although techniques exist to measure the abrasive wear behaviour of bulk materials
and thick films (see References [1] to [3]), these techniques are not easily applied to thin films and the results
are difficult to interpret when the methods are used on curved surfaces.
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The purpose of this International Standard is to provide a method for measuring the abrasion resistance of
both thin and thick coatings and of bulk materials. The test can be carried out on flat surfaces or surfaces with
a known radius of curvature and requires test pieces measuring only a few square millimetres. However, the
calculations described in Clause 9 apply only to flat test pieces and are applicable only to homogeneous
single-layer coatings. Errors may occur if the test is used on inhomogeneous coatings. References [4] and [5]
give details of analytical treatments for determining the wear rate of coatings on curved surfaces.

By proper treatment of the results as indicated in 9.2, where the test produces penetration of the coating, it
can provide abrasive wear coefficients for both the coating and the substrate from a single test series.

Although the test is designed to allow quantitative measurement of abrasive wear coefficients, it can be
t £

antral -t

adapted as gguality-contreHestferuse-onrealcomponents:

5 Principle

In the test, gl ball is rotated whilst being pressed against the test piece, and an abrasive Slurry is fed info the
contact zong. A spherical depression is produced, and the size of this depression is measured. Where
perforation of the coating does not occur, the wear rate of the coating can be obtained from a single grater.
When perforgation of the coating occurs, the wear rate of both the coating and the substrate can be calcylated
by making a peries of such craters and measuring their dimensions.

6 Apparatus and materials

6.1 Test gystem

A ball which |can be rotated and pressed against the coatedstest piece shall be used. Two variants of thg ball
system are shown in Figure 1, where either the test piece,\mounted on a deadweight-loaded lever, is prgssed
against a dirg¢ctly driven ball or the ball's own weight presses it against the test piece.

NOTE It has been found [®! that the results obtained’with free-ball systems [see Figure 1 a)] can vary depending on
the precise system geometry. In particular, it has been)found that the tilt angle of the test piece holder and the width [of the
groove in the drive shaft that supports the ball can ‘have an important influence on the results. A tilt angle of 60° to 7%° and
a shaft groovel width of 10 mm have been found-to result in the smallest variability under typical conditions.

The test sysfem shall be constructed so'that the rotational speed of the ball remains constant throughodt any
test and is rgproducible to better than + 10 % of the nominal value between tests. The drive shaft shall have a
total run-out pf less than 20 um-at-the points of contact with the ball.

6.2 Test halls

The balls used are typically 25-mm-diameter hardened steel, e.g. UNS G52986 (SAE 52100) and shall/| prior
to any condifjoningy’conform to the requirements of ISO 3290-1.

NOTE 1 B

results are obtained if balls are used without conditioning.

poor

The recommended conditioning treatment consists of running the new test ball for at least 300 revolutions on
a non-critical part of the test piece, or another suitable surface, under normal test conditions and repeating this
for at least five different orientations of the ball before starting the test programme.

NOTE 2

suitable for conditioning the ball.

NOTE 3

precise conditions used.

A flat, ground steel coupon with a hardness of between 200 HV30 and 800 HV30 has been found to be

Following conditioning, balls have been found to be usable for around 50 individual craters, depending on the

© 1SO 2008 — All rights reserved
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Balls shall be subjected to regular performance checks to ensure that they continue to produce acceptable
craters. Balls shall be replaced if such a check indicates any abnormal cratering behaviour.

NOTE 4  Performance checks can be carried out using any suitable test piece, such as hardened and tempered high-
speed steel, or a well-characterized titanium nitride or other coating deposited on a stable substrate material.

1 2 4
3)
3
a) Free-ball system
6 7 1 2
0
8
b) Fixed-ball system
Key
1 bl 5 load cell
2 tgst piece 6 weight
3 dfive shaft 7 pivot point
4 tgst piece-support 8 lever

Figure 1 — Two different types of ball cratering system

6.3 Abrasive slurry

In all cases, a slurry of silicon carbide (SiC) or another suitable abrasive in a suitable liquid, normally water,
shall be used.

The abrasive is normally F1200 SiC, but F1200 alumina or another fine abrasive can be used. The average
size of the abrasive should preferably not exceed 5 um.

© 1SO 2008 — All rights reserved 3
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The use of different abrasive media will produce different wear rates, and results shall not be compared
unless they are obtained from craters produced under identical conditions.

The slurry used shall be kept homogeneous throughout the test. This can be done by stirring the slurry
continuously or by adding stabilizers.

If testing is to be undertaken on coatings deposited onto steel substrates that are susceptible to corrosion, it is
recommended that sodium nitrite (NaNO,) be added to the slurry at the rate of 1 g for each 100 cm3 of water
to prevent corrosion of craters before they can be measured.

The abrasive slurry shall be made from the abrasive powder and the chosen liquid in the required proportions.

As the modqg of wear that is observed can depend critically on the concentration of the abrasive slurry, two
concentratiofs are recommended. These are:

a) Dilute (promotes grooving wear)
Concenfration 2 % by volume.

For SiC) for example, with a density of 3,2 g-cm3, this is achieved by mixing.62 g of SiC into 98 cm3 of
distilled pr deionized water.

b) Concenfrated (promotes rolling wear)
Concentfration 20 % by volume.

For SiC)for example, with a density of 3,2 g-cm=3, this is achieVed by mixing 80 g of SiC into 100 c¢m3 of
distilled pr deionized water.

NOTE THe type of wear promoted depends both on the concentration of the slurry and on the type of abrasiye, as
well as on the|material being tested. For example, it has beenfound that micro-grain (submicron) rutile can promote folling
wear even at goncentrations as low as 3 % by volume.

As an alterngtive to mixing slurries, ready-mixed abrasive slurries can be used. If this is done, all details pf the
supplier and makeup of the slurry shall be reported.

It is recomnjended that preliminary testing be undertaken to ensure that the slurry concentration chosen
produces thg wear mode(s) of interest during the test.

6.4 Meastirement of crater dimensions

Measuremert of crater dithensions may be carried out with any suitable equipment, e.g. a microscopg with
calibrated gfaticule, <provided that the calibration used is traceable to national standards. VWhere
measuremerjts are made from photographically captured images, it is essential that fiducial (reference) marks
of known dimensions are incorporated in the images to ensure that any shrinkage of the photographig film
after development or during storage can be eliminated. Alternatively, automatic measurement usirlg an
electronically captured image may be used provided that the measurement system is tully catibrated, the
procedure used being traceable to national standards.

NOTE In some cases, e.g. rolling wear with relatively large abrasive particles, it has been found difficult to identify the
edges of craters, particularly at the outer surface of the coating. In such cases, the use of profilometry, a change in
illumination angle, or substrate etching (for craters that penetrate the coating) can help.

Profilometry may lead to results which are different from those obtained by optical-microscopy evaluation of

the crater size, due to rounded crater edges. Results of tests evaluated by different measurement methods
shall not be compared to each other.

4 © 1SO 2008 — All rights reserved
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7 Preparation of test pieces

7.1 Coated test pieces shall have a flat area large enough to perform the necessary series of experiments.
In all cases, the coating thickness shall be larger than 1 um.

NOTE Test pieces with non-flat surfaces can also be tested, but the analysis required to determine the wear rate of
coating and substrate will be different to that given in this International Standard (see References [4] and [5]).

7.2 The accuracy with which crater diameters can be measured is dependent upon the surface finish of the
test piece and the type of abrasive used. Although it is possible to improve the surface finish of the coating by
pollshlng prlor to testlng th|s |s not the case with the substrate and the surface finish of the substrate affects
the aeedracy—with—which—the—interface—between—cosating—and-substrate—can—betocated gre, wherever
poss bIe coatmgs should be deposited onto polished substrates to allow accurate Iocatlon of'th¢ base of the
coating. Where necessary, the surface of the coating may be polished to improve the surfacefinigh.

To ayoid damaging the surface of the coating or affecting its wear rate, it is recommended that any polishing
be done with the smallest diamond abrasive and lowest pressure commensurate-with’ achieving the surface
finish required. Polishing should therefore commence with, for example, 1 ym~diamond abrasive, and this
should only be increased if the required finish cannot be achieved.

7.3 | Prior to the test, clean the test piece to remove all traces of contaminants. A suitablge preparation
procgdure is as follows:

a) dltrasonically clean in a suitable solvent;
b) rinse;

c) dryinanovenat 110 °C + 10 °C for 10 min.

8 Test procedure
8.1 | Different types of test

8.1.1| Type A: no perforation of coating

In this type of test, control the,duration of the test so that perforation of the coating does not occuf. Some trials
might be necessary befofe-the required conditions are obtained. Measure the size of the crater §nd calculate
the aprasive wear ratelsing the method described in 9.1.

8.1.2| Type B: perforation of coating

In thip type.of test, perforate the coating. Produce a series of craters for different durations and|measure the
size ¢f thie Erater in each case. Calculate the abrasive wear rates for both the substrate and the ¢oating using
the method described in 9.2.

For type B tests, determine the coating thickness, ¢, as part of the test procedure (see 8.3.10 and Annex A).

8.2 Type A test: no perforation of coating

8.2.1 Ensure that the ball and drive shaft, where a free-ball system is being used, are free from any
deposits of slurry from previous tests. With the test piece clamped firmly in position on the test system, adjust
the motor speed to the correct value. Control the motor speed at a constant value throughout a series of tests.
A recommended surface speed for the ball is 0,1 m-s~!, which is equivalent to about 80 rpm for a
25-mm-diameter ball.

NOTE For free-ball systems, the ball rotation speed will normally be different from the speed of rotation of the shaft.

© 1SO 2008 — All rights reserved 5
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8.2.2 Adjust the test system to give a suitable normal loading between the ball and test piece at the test
point on the test piece. The recommended load is 0,2 N.

Poorly defined craters can be produced if the load applied to the test piece is too high. To prevent this, it is
recommended that the load applied be not greater than 0,4 N.

In free-ball systems, the friction due to the ball rotation causes the normal force acting on the test piece to be
different from that when the ball is stationary (see Reference [8]). In such test systems, a load cell should
preferably be employed to measure the true normal force.

8.2.3 Start the slurry feed and ball rotatlon and ensure that the ball is completely coated in the contact zone

during its firg

contact betw
Report the b

8.2.4 Recq
affect the vis

8.2.5 Recq
8.2.6 Stop

NOTE TH
employed, and

8.2.7 Whe
that used pri

8.2.8 Mea

ea of

en the ball and test p|ece is always well wetted by the slurry. The slurry shall not be recirculated.
all rotation speed used.

rd the ambient temperature during the test series. Also record the humidity ifythis is likgly to

cosity of the slurry, e.g. where a hygroscopic liquid is being used.

rd the normal load and any variation during the test.

the test (motor and slurry feed) after the predetermined test duration

e number of revolutions that is required will depend on the material“being tested and the test condlitions

will need to be defined using trials.

h the test has been completed, remove the test piece and clean it using the same procedyre as

pr to testing (see 7.3).

sure the diameter, b, of the crater both parallel-and perpendicular to the direction of ball rojation

(see Figure 2). If b par and b per differ by less than 10 %, then take the average of these measurements gs the
diameter of the crater Craters that do not meet this_condition shall not be used for the calculation of|wear
rates.
b perp -
A
K
1 g
Q

Y
Key
1 direction of ball rotation
byerp  Crater diameter perpendicular to the direction of ball rotation
bpar crater diameter parallel to the direction of ball rotation

Figure 2 — Measurement of crater with no perforation of coating
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Calculate the abrasive wear rate of the coating using the method described in 9.1.

8.2.10 Perform the test at least three times on each test piece.

8.3

8.3.1

8.3.2

Type B test: perforation of coating

For apparatus that allows exact relocation of the ball in the crater after each measurement of crater
diameter, a single crater, which is measured after each test, may be used. Otherwise, use a series of craters
produced using increasing test durations.

Ensure that the ball and drive shaft, where a free-ball system is being used, are free from any

depo
the n
A req
diam

NOTH

8.3.3
point

Poor
recor

In fref
differ
prefe

8.3.4
durin
betw
the b

8.3.5
affec

8.3.6
8.3.7

has
reloc

Sits of slurry from previous tests. With the test piece clamped firmly in position on the test.s
otor speed to the correct value. Control the motor speed at a constant value throughouta's
ommended surface speed for the ball is 0,1 m-s~!, which is equivalent to about 80\rpm f
bter ball.

For free-ball systems, the ball rotation speed will normally be different from the speed of rotation

Adjust the test system to give a suitable normal loading between the_ball and test pieqg
on the test piece. The recommended load is 0,2 N.

y defined craters can be produced if the load applied to the test piece is too high. To pre
nmended that the load applied be not greater than 0,4 N.

e-ball systems, the friction due to the ball rotation causes‘\the normal force acting on the tes
ent from that when the ball is stationary (see Reference [8]). In such test systems, a loa
rably be employed to measure the true normal force!

Start the slurry feed and ball rotation and ensure that the ball is completely coated in the
j its first complete revolution. The feed rate of the slurry shall be sufficient that the are
ben the ball and test piece is always well'wetted by the slurry. The slurry shall not be recircu
bl rotation speed used.

Record the ambient temperature’ during the test series. Also record the humidity if th
the viscosity of the slurry, e.g.\where a hygroscopic liquid is being used.

Record the normal load and any variation during the test.
Stop the test (motor and slurry feed) at predetermined intervals. Check if perforation o

pbccurred. If perforation has occurred and if in situ measurement of the crater diameter
ption of the balljs possible, remove the ball and, after appropriate cleaning to enable the

subs

perpgndicular4o)the direction of ball rotation (see Figure 3). When the diameter has been meas
the bpll and“testart the test (motor and slurry feed). Alternatively, move the test piece so that a
may pe worh during the next test in the series.

rate to bes€en clearly, measure the diameter, a, of the crater in the substrate, both

stem, adjust
bries of tests.
or a 25-mm-

of the shaft.

e at the test

ent this, it is

t piece to be
d cell should

contact zone
a of contact
ated. Report

s is likely to

f the coating
and precise
crater in the
parallel and
ired, replace
new position

For small degrees of penetration Into the substrate, the nature of the the abrasion process leads

O an uneven

edge to the crater in the substrate. This introduces a measurement uncertainty in the crater size that can be
greater than the measurement error. It has been found [19 that the measurement error typically dominates
when the depth of penetration into the substrate exceeds the abrasive-particle size, d. This condition is
satisfied [10] if the diameter of the crater in the substrate is greater than the product 8Rd, where R is the ball
radius and d is the mean abrasive-particle size. If the measured diameter of the crater in the substrate is less
than 8Rd, then this measurement shall not be used in the analysis of results in Clause 9.

NOTE The number of revolutions that is required will depend on the material being tested and the test conditions
employed. A series of craters produced in 400, 600, 900, 1 200, 1 500 and 2 000 revolutions has been found to be
appropriate for a test on a titanium nitride coating of about 3 um thickness deposited on a hardened and tempered high-
speed stee1l substrate, using a 20 % by volume SiC abrasive slurry, a load of 0,2 N, a ball diameter of 25 mm and a speed
of 0,1 m-s™'.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=acf27f52e5672efe4c3ff53d9369d21b

ISO 26424:2008(E)

8.3.8 When the series of tests has been completed, remove and clean the test piece using the same

procedure as that used prior to testing (see 7.3).

8.3.9

Measure the diameter, a, of the crater(s) in the substrate, both parallel and perpendicular to the

direction of ball rotation (see Figure 3). If the parallel and perpendicular values differ by less than 10 %, then
take the average of these measurements as the size of the crater. Craters that do not meet this condition shall
not be used in the calculation of wear rates.

8.3.10 Measure the coating thickness, either by the method described in Annex A or by another suitable

method.

AA DS

ad—th
oo

Holn

a+batrat a—th
T oUoStratc—aSIT e TIT

mathad A
ctTou—u

esgribed

in 9.2.

abra
o1

8.3.11 Calcplatethe=

QA
asrvewoal

+ £ bt fl o~ o
ratCS o oot T e ooatnyg—art

8.3.12 Perf¢rm the test series at least twice on each test piece.

< 9 pérp
Key
1 directign of ball rotation
4per,  diameter, perpendicular to the direction of ball rotation, of crater in substrate
a diamefer, parallel to the direction of ball rotation;-of crater in substrate

par

Figure 3 — Measurement of crater with perforation of coating

9 Analysis of results

9.1 Type A test: no'perforation of coating

9.11

Basi¢ equations

i

A

N

9 par

N

The volume, Y=6fweari

4
64R

where

R is the radius of the ball;

b is the crater diameter;

h  is the depth of the crater.

(1)
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The Archard wear equation relates the volume of wear to the normal load, N, and the distance, S, slid by the
ball as

V=K.SN (2)
where K is the abrasive wear rate for the coating.

Thus

b4
B4RSN.

Ko=m

@)

9.1.2( Calculation of K,

Calcylate K, by substituting the measured values of b (average value of by, and bggs); R and|S, in metres,
and ¥, in newtons, in Equation (3). Report the result as the average of at least three Separate measurements.

9.2 [ Type B test: perforation of coating

9.2.1| Basic equations

The basic equation that is assumed to govern wear in this situationis/(see Reference [9]):

gN:[Lﬁj @

Cc KS

wher

w

§ is the distance slid by the ball;

N is the normal load;

(. is the volume of coating removed;

. is the volume of substrate removed;

K. is the abrasive wear rate for the substrate;
K. s the abrasive wear rate for the coating.

Equation (4) can’/be expressed as

SV 5)
L K __L |
e Kt

hence plotting a graph of ‘?/—N against % should produce a straight-line graph with gradient Ki and intercept
Cc Cc S

A
K’
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V. and Vg can be calculated from the following approximate equations (see References [6] and [7]):

T 4 4
~——(b" —a ) 6
¢ 64R( (6)
4
na
~ 7
S B4R @)
where ¢ and b are the diameters of the craters in the substrate and coating, respectively.
Substituting 1
t
v, z“_(cﬂ +4Rt) (8)
4
NOTE In[practical ball-cratering experiments, the errors introduced by the use of the approximate’expressions|for 7,
and 7 are usyally much less than the uncertainties introduced by measurement errors (see Reference’[10]).
9.2.2 Calcdlation of K and K
9.2.21 Calculate the values of ¥, and ¥ for each of the craters in the {estseries, using the value$ of a
(= average vplue of ap,. and ae,) and 7, in metres, measured independently (see 8.3.10), and Equatiops (7)

and (8), resp

ectively.

NOTE Although, in principle, ¥, can be obtained by the use of Equation\(6), because of uncertainty in identifyipg the
precise edge ¢f the crater in the surface of the coating it has been foundhte' be more reliable to use the dimensions [of the
(well-defined) [crater in the substrate and either an independent measurement of the coating thickness or an “av¢rage”
value of the cqating thickness calculated for all craters in the test series (see Reference [10]).
SN V. SN . V.
9.2.2.2 Calculate values of — and -£ for each’ofthe craters and plot a graph of — against —< for alll
VC Cc VC VC
of the craterd. The graph should lie close to a straight line.
9.2.2.3 Jse linear regression (least-sguares method) to determine the line of best fit to the data poinfs.
9.224 Dbtain K, from the intercept'and calculate K¢ from the slope, as indicated by Equation (5).
9.2.2.5 Report the results from measurements on at least two series of craters.
10 Test reproducibility, repeatability and limits
10.1 Reprqgducibility and repeatability
In an interlaboratory exercise ¥ undertaken to validate the micro-scale abrasion wear test, 13 faboratories

determined the wear resistance of titanium nitride coatings (nominal thickness 3 um) and of the powder
metallurgy high-speed steel substrates on which they were deposited. Perforation tests were performed using
a 20 % by volume slurry of 4 um SiC in deionized water. Non-perforation tests, performed using a 10 % by
volume slurry of 1 um alumina in deionized water, were undertaken by 12 laboratories. Tests were carried out
using both free-ball and fixed-ball systems operating under nominal normal loads of 0,2 N and nominal
surface speeds of 0,1 m-s~1.

All laboratories carried out at least five repeat tests using the non-perforation technique and two complete
tests using the perforation technique. The results obtained are summarized in Table 1 and form the basis of
the discussion below.
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In addition, four laboratories measured the diameter of the same crater several times in order to determine the
repeatability (within laboratory) and reproducibility (between laboratories) of this measurement, which will be
one of the contributors to the variability of test results.

The repeatability and reproducibility of micro-abrasion wear tests depend on the materials that are tested, the
abrasive material used, the particle size of the abrasive and the test conditions, such as the applied load.
However, in the interlaboratory exercise described above, for type A tests (coating not perforated) the value of
the coating wear rate, K, was found to be 5,35 x 10-13 m3.N-T.m-" with a repeatability standard deviation, s,,

of 0,41 x 10-13 m3.N-1 -1 (7,7 % of the mean value) and a reproducibility standard deviation, sp, of
0,94 x 1013 m3.N-1m~1 (17,6 % of the mean value). In the type B tests (coating perforated), the value of the
coating wear rate K , Was found to be 8 00 x 10-13 m3.N-1.m~"1 with a repeatability standard deviation, s,, of
1,94 x40=13 ~1 A iation, sp, of
2,09k 10-13 m3 N 1 m-1 (26 1 % of the mean value) and the value of the substrate wear rate, was found
to be[8,34 x 10-13 m3 N-1.m~1 with a repeatability standard deviation, s,, of 0,57 x 10-13 m3 N=T.m-1 (6,8 % of
the mean value) and a reproducibility standard deviation, s, of 0,92 x 10~ 13 m3.N-1.m Y11 %|of the mean

valus

).

The fepeatability and reproducibility standard deviations for the measurementf-the crater diameter, for a
mearn diameter of 0,561 mm, were found to be s5,.=0,011 mm (2 % of the nmiean value) and s3 = 0,016 mm
(2,9 % of the mean value).
Table 1 — Results of interlaboratory exercise
Perforating tests Non-perforating tests
Number‘of-participants
13 13 12 4
Parameter determined
K, K K, h
m3N-"1m-1x10-13 m3NTm-1x 1013 m3N-tm-1x10-13 min
Mean 8,00 8,34 5,35 0,561
s, 1,94 0,57 0,41 0,011
Sp 2,09 0,92 0,94 0,016
s.| is the repeatability (within-laboratory) standard deviation;
sg| is the reproducibility.{between-laboratory) standard deviation.

10.2| Limits
Using the analysis method described in 9.2, it has been shown ['0] that the errors in K, and K arf determined
by thg relative measurement errors in the inner crater diameter and coating thickness, by the djmensionless
term 2/Rt (whprp g and t-are the true values of s and ¢ rpqnpr‘h\/plv\ and by the ratio aof the dbrasive wear

rates K /K. Reducmg the relat|ve measurement errors in a and tdecreases the errors in K; and K.

Figures 4 and 5 show [19] the relative error in K. and K as a function of the ratio K/Kg and as a function of
aoz/Rt respectively, for the typical magnltudes of measurement error Aala, = 0 01 and A#/t,=0,05.

Decreasing K /K and a,?/Rt, will reduce the error in K but increase that in K. In other words, the value of K.

becomes less reiiable as K /K and/or a,?/Rt, increase, while K, becomes less reliable as KK and/or a02/Rt

decrease.
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Figure 4 — Relative errors in abrasive wear rates, K and K, for coatings and substrates as a fung
of K /K when a 2/Rt, = 16, Aala, = 0,04-and At/t, = 0,05
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Figure 5 — Relative errors in abrasive wear rates, K; and K, for coatings and substrates as a function
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of a,2/Rt, when KK = 1, Aala, = 0,01, and A#/t, = 0,05
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