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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
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 26423 w

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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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Determination of coating thickness by crater-
grinding method

1

This

cratef-grinding method, which includes the grinding of a spherical cavity and-'Subsequent
exanlination of the crater.

Because of the uncertainty introduced into the measurement of crater dimensions, the test is ng
use Where the surface roughness of the coating and/or substrate exceeds.20 % of the coating thi

NOTEH An alternative method for measurement of thickness, usifg)a contact probe profilomete
ISO 1[8452.

2

The

refergnces, only the edition cited applies. For “undated references, the latest edition of th
document (including any amendments) applies:

ISO

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration laboratd

For the purpose of thisydocument, the following symbols apply.

$cope

nternational Standard specifies a method for the determination of the thickness ‘Of ceramic

Normative references

following referenced documents are indispensable for the application of this documen

3290-1, Rolling bearings — Balls —=Part 1. Steel balls

$ymbols

coatings by a
microscopic

t suitable for
kness.

I, is given in

t. For dated
b referenced

ries

est estimate~of the outer diameter of the crater, at the surface of the coating, in micrgmetres (see

igure 1);

est\estimate of the inner diameter of the crater, defined by the bottom of the coallng layer, in

ictometres (see Figure 1);

thickness of the coating, in micrometres (see Figure 1);
subscript indicating mean value (D, d,, X, Yip)-

radius of the ball, in micrometres (see Figure 1);

radius of curvature of specimen;

total penetration depth of the ball, in micrometres (see Figure 1);

penetration depth of the ball in the substrate, in micrometres (see Figure 1);

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=3a4e9ee66c091754b4c8f5c703261364

ISO 26423:2009(E)

X distance, on a coplanar projection of the two craters, between the periphery of the outer crater and a
diametrically equivalent point on the same side of the inner crater, in micrometres (see Figure 1);

Y distance, on a coplanar projection of the two craters, between the periphery of the outer crater and a
diametrically equivalent point on the opposite side of the inner crater, in micrometres (see Figure 1).

od

A
 J

oD 2

A

Y

e

Y

Key

1 coating
2 substrate

Figure 1 — Principal dimensions used in the test method
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4 Principle

Coating thickness often plays a major role in the performance of coated tools and machine parts. Many
different techniques have been developed for assessing the coating thickness. Among these, the crater-
grinding method and the step height method (see ISO 18452) are easy to perform and applicable to most
coated systems.

The method is simple and straightforward. A crater is ground into the coated part by means of a rotating ball
wetted by an abrasive slurry. The thickness of the coating is derived from the ball and crater dimensional
characteristics. Contrast between the different materials constituting the coating and substrate is a
prerequisite for the method, to enable detection of the interface between the coating and the surface.

Test
spec

[

N

5

A req
items
sepa

6

6.1

A ba
prody
coati

subs{rate crater diameters) and the ball diameter.

Diffefent test rig set-ups may be used. The ball can be rotated freely on a drive shaft, whereb

used
mear

Test procedure

specimens should be either flat or cylindrical. Flatness can be considered as sufficien
men radius of curvature, rg, satisfies the relation »g > 100 x r, (for error < 1 %).

sampling

resentative test specimen of the product under test shall be used. Téest, pieces shall be cq
or, where this is not possible, items made in the same way as the batch to be tested. Fo
ate manufacturing of the test piece may be necessary.

General

| wetted by an abrasive slurry is rotated against'the surface of the test piece. A spherical v
ced, and the test is finished when the depth of penetration of the spherical crater is gre
ng thickness. The coating thickness is thenderived from the dimensions of the wear scars (f

to produce the contact loads.or it may be clamped in the drive axis while the specimen
s of a lever system. A typical)arrangement is shown in Figure 2.

t if the local

ated original
I large parts,

year crater is
ater than the
ull crater and

y its mass is
is loaded by

Alterpatively, a wheel instead)of a ball may be used, in which case the sample shall also be rotated (this is the

sameg

Diffefent abrasives)(e'g. diamond, alumina, silica) can be used, and commercially available

base
to te
contd
smal

principle as used with' dimple grinders for the preparation of TEM specimens).

I on alcohol,»eil or water may be applied. The abrasive slurry may be smeared onto the ball
5ting, buf\more repeatable measurements are achieved when the abrasive slurry is drip
ct region, e.g. by peristaltic pumping of a stirred suspension. The grain size of the abra
enough to avoid roughening of the crater borders. For example, 1 ym diamond paste s

ethar

suspensions
surface prior
-fed into the
sive shall be
uspended in

ol]is often used.

©I1SO
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1
2

ball
specimen

Other orientat

6.2 Preparation for the test

Ensure that
by drying in
diameters at

(the maximum allowable value of V' for grade G 200 balls as given in ISO 3290-1), or if scratches visi

the naked ey
the test piecsq

The abrasive

Hardened st
ISO 3290-1,

6.3 Testp

The test-spe

2009(E)

ons may also be used.

Figure 2 — Example of test assembly

he specimen and ball are clean. Ultrasonic, cleaning for 5 min in fresh petroleum ether foll
random. A ball shall be rejected if the difference between any two measurements exceeds

e are present on the surface. Prepare a slurry of abrasive particles in a diluting agent. Po
on a stable support.

slurry should be well stirred to ensure a uniform dispersion of abrasive particles.

bel balls for rolling bearings, having a specified diameter and surface finish in accordance
can be used.

arameters

Cificparameters include:

bwed

ambient air is usually sufficient. The suitability of the ball shall be determined by measuring 10

5um
ble to
Sition

with

a) ball diameter;

b) contact load;

c) sliding speed;

d) composition and concentration of the abrasive suspension;

e) slurry feed rate;

f)  duration of the test.

4 © 1SO 2009 — All rights reserved
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The specimen-specific parameters include:

— surface quality (roughness, cleanliness); and

— optical contrast between coating(s) and substrate.
6.4 Example of test parameters

Typical operating parameters are as follows:

a) ball diameter: 25 mm;

b) ¢ontact load: 0,25 N;
c) rotational speed of ball: 100 r/min;

d) ¢omposition of the abrasive slurry: 1 um grain size diamond paste suspended in [ethanol, 1:4
¢oncentration

e) $lurry feed rate: 20 drops/min; and
f)  test duration: 5 min.

NOTEH Optimum test conditions will differ for different specimens:The above conditions are typical fof thin (3 ym to
5 um fhickness) hard coatings on metallic substrates, but will depend.on the wear resistance and thickness |of the coating,
etc. Hor these and other coatings, it might be necessary to make, trial craters under a range of condition$ to determine
parameters suitable for the production of circular craters of. $§ufficient depth to clearly delineate the supstrate/coating
interface.

7 Microscopic examination and meéasurement

7.1 | Examination
It is mandatory to clean the specimen prior to examination (see 6.2).

An imaging technique with~calibrated size measurement shall be used. Examine the ground [cavity at the
highgst magnification at which the complete worn crater is visible.

Focup the microscope)on the concentric patterns and if necessary adjust the illumination to obtgain maximum
contrpst.

Usually an eptical reflected-light microscope is used, but any other imaging technique such |as scanning
electfon microscopy may be used, e.g. when it is not possible to discriminate between the co%ating and the

subsf{rate by other means. In the case of optical microscopy, etching may be used to enhgnce contrast
bet‘v“ antha cirithotratn Aand ~nnting

VOO tNmo oot aotT g oottty

7.2 Measurement
Measure the crater dimensions as appropriate, using a calibrated measuring device.

For flat specimens, measure the diameters D, d, or lengths X, Y, of the craters both parallel and perpendicular
to the direction of ball rotation (Figure 1).

For cylindrical specimens, measure only the largest dimensions of the craters parallel with the cylinder axis
(Figure 3).

At least 5 measurements shall be carried out, to define the repeatability of the measurement.

© 1SO 2009 — All rights reserved 5
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Due to surface roughness effects, the boundaries of the layer(s) may not be well defined and the best
estimate of the centreline of a boundary shall be used.

NOTE 1 Dimensions can easily be measured by preparing micrographs of the crater as well as of a traceably
calibrated scale at the same magnification.

NOTE 2  The accuracy of the measurement is dependent on the roughness of the surfaces delineating the boundaries
of the layer.

1\
T

— &

)

A

Key

1 enlarged grea (microscopical view)

Figure 3—~'Cylindrical sample

8 Calculptions

The total perjetration depth of the-spherical crater is calculated using Equation (1):

IT =r, 2 —D2 14 (1)

whereas the [penetration’depth in the substrate below the coating/substrate interface is given by Equation|(2):

I =rp {2 =d2 14 )

The coating thickness can thus be calculated from:

—

h=11 -1y 3)

or

h=\r2 —d2 14 -\n2 - D2 14 )

6 © 1SO 2009 - All rights reserved
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For thin coatings, the penetration depth is small in comparison to the radius r, of the ball. Therefore the

simpl

ified Equation (5) can be used to determine the thickness:
2 2

h= D - dm
87”b

or, by substituting D=X+Yandd=Y - X

h=

Xm
2}"b

’m

(%)

(6)

The
dime

Fors

Unds

NOTEH
abovd

9 |
The
perin
be sn
accu
Unce
curvg
Thes

10 7

ise of Equation (5) is preferred, because it is less sensitive to errors in measurement
nsions (see Annex A).

pecimens not satisfying the flatness criterion »g > 100 x 7, Equation (5) should be replaced

r these circumstances, Equation (6) becomes

|

The thickness of individual layers in a multilayer system can be obtained by this method, b
definitions to the inner and outer crater circles defining the layer under investigation.

1

{_

"o

1

7

Xm¥m
N — ——
2

S

Uncertainty and sources of error

method described in this International Standard is capable of high accuracy, provide

of the crater

Y.

(7)

(8)

y applying the

| that crater

eters are both circular and well\defined (this requires the surfaces of both the substrate an
hooth and flat and the crater-grinding to be carried out in a controlled manner), that crater di
ately measured, and that_the radius of curvature of the crater is equal to that of the ball
rtainty in the crater.dimensions, deviations from roundness, and differences between
ture of the crater and-that of the ball are likely to be the biggest sources of uncertainty in the
b three sources,efuncertainty and error are discussed further in Annex B.

[est report

The

esults shall be reported in accordance with ISO/IEC 17025, and the test report shall includ

d coatings to
ensions are

:E)roducing it.

e radius of
test method.

b at least the

follov ing information:

a)

b)

©I1SO

the name of the testing establishment;

date of the test, report identification and number, signatory;

a reference to this International Standard, i.e. "determined in accordance with ISO 26423";
a description of the test material: type of product, type of coating, date of receipt;

method of test specimen sampling and preparation;

test parameters;

2009 — All rights reserved
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g) testresults;

h) test uncertainty, taking into account the information in Annex B;

i) comments about the test or the test results;

j)  if micrographs are used, the magnification of the micrograph and a micrograph of a traceably calibrated

scale, taken at the same magnification, to indicate the scale whatever reduction may be adopted during
the course of evaluation.

8 © 1SO 2009 - All rights reserved
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Annex A
(informative)

Errors associated with using different formulae for calculating film
thickness

Equations (5) and (6) are given in Clause 7 for the measurement of a coating thickness % by the crater-
grindjprg-method:

2 _ 42
L . D% —
Equation (5): & = D —dm
87‘b
- : XY,
Equation (6): h = MM
27‘b

wherg ry is the radius of the ball.

In orgler to evaluate the influence of measurement errors on the-calculated thickness, Equationfs (5) and (6)
have|to be rewritten as functions of the (measured) coordinatesx4, x5, x3 and x, as shown in Figure A.1.

\i

o0

Figure A.1 — Crater produced by crater-grinding

DZX4—)C1 = X+7Y
d:x3—x2 = Y-X
D-d
XZX2—X1 = T
D+
Y=X4—X2 = 2d

The variance of # can now be derived as a function of the variances of x4, x,, x3 and x,.

© 1SO 2009 — All rights reserved
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Let the variance of 42 when using Equation (5) be 0(5)(h):

e
8Vb
1 2 2 9 2 9
0(5 (h) = [ ] {[2 (x4 - x1] o (x1)+[ (X3—x2)J o (x2)+[2(x3—x2)] o (x3)+

+[2(xq —xq)] 0'2(x4)}

Assume now

It could be t
difficult to dis
A more sim(
greater than

The variancs

that o, and

o(xq) = ofxy) =
o(xp) = olx3) = ac

nat o(x,) and ofx3) are somewhat different from o(x4) and o(x,). For example; it might be
tinguish the exact interface between coating and substrate. Therefore we-introduced the fac

1.

0(5)(}1) can now be expressed as:

more
tor c.

lified assumption is =1, but it should be noted that « can also take.values of less thaf and

1 2 o 2,2\V2
h)E|— ||2D° +2a“d
osy(h) [4’%]( ) o
When a =1, then:
12
oi)(h)E {L] (2D2 +2d2) / o
4rp
Let now the yariance of » when using Equation(6) be oig)(h):
L (2 ) (va-52)
21
1 2 2 2 2
o) (h) [%] {(x4 —ap)” 02 (x9)+(x2 — x1) O'Z(X4)+[(x4 —xp)—(x2—x1)] 02(?62)}
With the sanme assumptions as above for the variances of x4, x5, x5 and x4, we can now write:
12
o6 (M) £ (A VXZ r2ia?(v-x)?] o
Lib L J
When a =1, then:
2
o6y (h) = [ L ](2){2 Lor? - 2xy) "z,
2r,
In terms of D and d, the equation becomes:
o (h) = A [ZD2 +2(1+a2)d2}1/20
® 4Vb

10
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Now the ratio of 0(6)(h) to 0(5)(h) is:

o(e)(h) _

[D2+(1+a2)d2}1/2

o(5)(h) (D2+a2d2)1/2

When a =1, then:

\1/2

o () (DZ+2af2
(V) _\ U

o5 (h) (D2+d2)

12

This fratio is always > 1 for all values of «, which means that the variance of # when-using E

highe

r than when using Equation (5).

uation (6) is

©180

2009 — All rights reserved
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Annex B
(informative)

Estimating measurement uncertainty and errors

B.1 General

Three situatipns are considered:

a) measurgment uncertainty resulting from uncertainty in determination of the crater diameters in)the cg
and substrate;

b) measurgment uncertainty associated with the radius of curvature of the crater differing-from the rad
the ball yised to produce it;

c) measurgment uncertainty resulting from a non-circular crater.

B.2 Uncertainty resulting from uncertainty in determination’/of the crater diametel
the coating and substrate

Using the simplified equation for the coating thickness, 4, i.e.

~p%}a?
4

h

where ¢ is the diameter of the ball (= 2r,)

and assuming an uncertainty in the measurement of D and d of + x ym, leads to an uncertainty in % of:

For a fixed vplue of &, as D increases d also increases, hence (D + d) also increases and the uncertaint
increases. Hence the smallest-uncertainty in # occurs when d =0, i.e. when the crater just penetrate
coating. In pfactice, the innér crater needs to attain a well-defined circular shape so d will always be > 0
uncertainty should be estimated from the uncertainty in the values of D and d, and used in the estimat
the overall uncertaintyof the measured value of the coating thickness.

ating

us of

s in

(B.1)

(B.2)

y in h
s the
. The
on of

B.3 Uncertainty associated with radius of curvature of crater differing from radius$ of

ball used to produce it

Assume the diameter of curvature of the crater is given by:

$a = ¢ (1+x)

where

¢, is the actual value of the diameter of curvature of crater;

¢ is the true diameter of ball;

(B.3)

x is the fractional difference between the actual diameter of curvature of the crater and the true

diameter of the ball.

12 © ISO 2009 — All rights reserved
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