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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 20502 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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INTERNATIONAL STANDARD

ISO 20502:2005(E)

Fine ceramics (advanced ceramics, advanced technical

ceramics) — Determination of adhesion of ceramic coatings by

scratch testing

1 $cope
This
stylug
stylug
suita
other

International Standard describes a method of testing ceramic coatings by scfatching wit
. During a test, either a constant or increasing force normal to the surface under test is g

ble for evaluating ceramic coatings up to a thickness of 20 um and might also be suitable f
coating types and thicknesses.

The
also
whic

nternational Standard is intended for use in the macro (1 to 100 N) force range. The pro
be applicable to other force ranges. However, appropriate calibration is essential if the nor|
failure occurs are to be quantified.

2 ormative references

The [following referenced documents are indispensable for the application of this documen

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

ISO 4288, Geometric Product Specifications (GPS) — Surface texture: Profile method —
procedures for the assessment of surface texture

ISO ©508-2, Metallic materials.*—) Rockwell hardness test — Part 2: Verification and calibratid
machines (scales A, B, C, D, E,.F, G, H, K, N, T)

ISO/IEC 17025, Generalrequirements for the competence of testing and calibration laboratories

N a diamond
pplied to the

so as to promote adhesive and/or cohesive failure of the coating-substrate|system. The tg¢st method is

pr evaluating

cedures may
mal forces at

t. For dated
b referenced

Rules and

n of testing

es. The test
b Rockwell C

bd-consists of generating scratches with a stylus of defined shape (usually a diamond with

).

constant or progressive normal force (see Figure 1). Failure events are detected by direct

ther under a
microscopic

observation of the scratch and sometimes by using acoustic emission and/or friction force measurement.

The driving forces for the failure of the coating-substrate system in the scratch test are a combination of
elastic-plastic indentation stresses, frictional stresses and the residual internal stress present in the coating.

The normal force at which failure occurs is called the critical normal force L.

NOTE 1 The term “critical load” is frequently used in place of “critical normal force”. The use of the term “
deprecated because the failure is typically initiated by the application of a force rather than a load.

© I1SO 2005 — All rights reserved
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NOTE 2 In a scratch, a number of consecutive coating-failure events may be observed at increasing critical normal-
force values. Failure by cracking through the coating thickness (through-thickness cracking) usually occurs at lower
normal forces than detachment of the coating. Therefore, it is quite common to characterize the onset of cracking by the
critical normal force L¢1, while the onset of coating detachment defines the critical normal force Lc,. In general, a series of
failure modes are observed and used to study the mechanical behaviour of the coated surface, where the onset of the nth
failure mode defines the critical normal force L, (see Figure 2).

NOTE 3  The critical normal forces at which the failure events appear depend not only on the coating adhesion strength
but also on other parameters, such as rate of increase of normal force, traverse speed, diamond-tip wear, substrate and
coating roughness, some of which are directly related to the test itself, while others are related to the coating-substrate

system.

4 Appar;

4.1 Scratq
A scratch tes
driving force

NOTE 1 In
spring is used

Where requi
transducers.

NOTE2 Al
techniques ca
failure. Hence
These techniq
after a large s
mode. Inspect
event with a nf

To meet the|
requirementg

htus and materials

Ch tester

ter is an instrument used to rigidly hold the stylus and to apply both the normal force and
to produce scratches. A schematic of a typical arrangement is shown in Figure 3.

to achieve the chosen force programme. Magnetically driven assemblies are also available.

red, the scratch tester can be equipped with acoustic emission (AE) and/or friction force

hough it is attractive to use such methods for the on-line ‘@utomatic quality control of coated parts,
hnot discriminate between cohesive and adhesive failures, nor do they always detect the first occurre
AE and FF signals cannot be used as a reliable means for determining scratch-test critical normal f
ues can at best be used as a warning system in the quality control of coated components, and the
eries of experiments on the same coating type to establish the statistics of correlation with a certain
on of the scratch track by microscopic observation remains the only reliable means of associating a
easured critical normal force.

requirements of this International-Standard, scratch testers shall comply with the calibra
of Annex A.

4.2 Diamond stylus

This consistg
requirementg

The stylus s
observed at
damage or ¢
friction force

of a rigidly mounted-diamond normally having a Rockwell C geometry in accordance with
of ISO 6508-2,

hall be inspected regularly to check for contamination and changes in geometry. If dama
200x or\lewer magnification then the stylus shall be changed (see Reference [1]), and if
ontamination is observed, the test results since the last inspection shall be disregarded.
increases at a constant normal force during operation, this is a presumption of contaminat

the stylus.

the

general, spring-deformation-controlled normal-force instruments are usedxin which the deformation of a

(FF)

these
hce of
brces.
n only
ailure
ailure

tion

the

ge is
Bither
f the
on of

NOTE 1

Uncertainties in the Rockwell C stylus tip shape and manufacturing defects are a major source of error for the

scratch test method. The use of an imperfect stylus may result in different values of critical normal force when the stylus is
rotated in its holder. Control of the stylus shape is imperative, in the as-received condition as well as during usage, to
detect wear at the tip. Wear usually occurs in the form of ring cracks or crater wear, which are easily visible under a
reflected-light microscope (magnification > 100x).

© 1SO 2005 — All rights reserved
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NOTE 2 A certified reference material (BCR-692) has been developed and is available from the Institute of Reference
Materials and Measurements, European Commission Joint Research Centre, Retieseweg, B-2440 Geel, Belgium
(www.irmm.jrc.be)!). This material, a diamond-like carbon coated substrate, presents three repeatable failure events at
known critical normal-force intervals, and is available for verification purposes. This can provide a good indication of

overall performance, including stylus condition and calibration.

5 Preparation of test piece

5.1 General requirements

A regdresentative specimen of the product 1o be tested shall be used.

Substrate, interface and coating shall be as homogeneous as possible with respeet to ¢omposition,
micrgstructure, density, residual stress and thickness along the entire scratch length (test'zone).

5.2 | Surface roughness, waviness and levelling

The [surface of the specimen shall have a uniform statistical roughness.~The surface royghness Ra,
meagured according to the procedures specified in ISO 4288, shall not exceed 0,5 um.

NOTH 1 For spring-deformation-controlled normal-force instruments (typical spring constant: 0.02 N/urh), the normal
force |depends on the roughness and waviness of the surface. A surface roughness value Ra of 0,5 ym may lead to

normal-force oscillations of 0,1 N. Normal-force variations of less than“1 N (1 % of the typical force rapge) require a

wavin

NOTH
rough

The
Anne
spec

The
due 1

ess and/or levelling error smaller than 50 pm.

2 In general, the critical force is reduced with increasing surface roughness by the concentration
hess peaks, as well as by the poorer cleanliness properties of rough substrates prior to coating.

est surface shall be levelled with respect toithe stylus/specimen traverse-displacement d
X A. In practice, this is easily attained:for flat specimens held on the sample holder
mens require additional alignment facilities

specimen-levelling mechanism should be stiff to preclude the variation of rate of change of
0 the compliance of the specimen support. It has been shown that the rate of change of

of stresses at

rection, see
Cylindrical

normal force
normal force

may [vary considerably with thesretational position of the spring, and the compliance of the test specimen.
Ideally, mechanisms with in sitt control of the normal force should be used.

5.3 | Specimen cleaning

The ppecimen surface shall be freed from surface contaminants, such as oil, grease and moisture by
cleanjing it prior to:testing.

The following cleaning procedure is adequate if no anomalous contamination has occurred:| place in an
ultragonic.bath for 5 min in clean analytical-grade petroleum ether. Allow to reach room tempefature before
testing-Jf drying stains are observed, wipe with a soft tissue soaked in petroleum ether. Allow gt least 3 min
equilibration time before testing.

During testing, the specimen surface and stylus tip shall be kept free of fingerprints.

1) This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO of this product.

©1S0
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5.4 Coating-substrate parameters relevant to a test

The coating-substrate parameters relevant to a test include:

a) substrate hardness and roughness;

b) coating hardness and roughness;

c) coating thickness;

d) friction coefficient between coating and indenter;
e) internal stress in the coating.

Where a dir¢ct comparison is to be made between the test results for two or more samples ofithe s

coating/subs

6 Testp

6.1 Gene
Three mode
information ¢
indenter incr
force scratch
carried out u
the multi-pas
scratch track

NOTE 1 In

coating damage and failure, while the CFST mode allows the statistical damage analysis of coatings along their sy

The MPST m
real working c

NOTE2 In

does the standlard PFST method. With the_current state-of-the-art equipment, however, the CFST mode is very timg

effort-consum
The current e

NOTE3 TH
more advance

6.2 Equipment preparation

The following

rate combination, all of the above parameters shall be the same for each sample,

rocedure

al
5 of scratch testing are currently employed, depending o/ the apparatus available and
ought. In the progressive-force scratch test (PFST) mdde, the normal force applied by
pases linearly as the indenter moves across the test surface at constant speed. In the cons
test (CFST) mode, the normal force is increased.step by step between successive scrat
hder constant normal force, at different locations an\the specimen surface until failure occur
s scratch test (MPST) mode, the specimen is subjected to repeated scratching, within the s
under a constant sub-critical normal force.

general, the PFST mode is used as a first-Order assessment of critical forces corresponding to

de subjects the coated surface to a low=cycle fatigue-type contact, which is considered to better sir]
bnditions of most coated components.

most cases, the CFST mode allows better discrimination between better or poorer adhesion propertie

hg. The MPST mode hds been shown to better rank brittle coatings in terms of their adhesion prop
perimental effort required, however, is even higher than in the CFST mode (see Reference [2]).

ere is a trend towards the extension and automation of scratch-test operation modes to facilitate the
d test regimes (§€e Reference [3]).

actions shall be taken prior to testing.

ame

the
the
ant-
hes
5. In
Ame

major
rface.
hulate

5 than
b- and
prties.

ise of

1) The scratch tester shall be confirmed to be calibrated in accordance with normative Annex A.

2) The diamond stylus shall be confirmed to be free from surface contaminants (oil, grease, material picked

up from

the preceding test).

If necessary, the stylus can be cleaned by wiping with a soft tissue soaked in petroleum ether. If adhering
debris is still observed under an optical microscope (recommended magnification: 200x), #1200 and #2400
SiC paper can be used, followed by wiping with a soft tissue soaked in petroleum ether. Ultrasonic cleaning of
the stylus should not be used as cavitation damage can occur.

Following cle

aning, the stylus shall be allowed to reach room temperature before testing.

© 1SO 2005 — All rights reserved
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Environmental conditions

Scratch testing requires frictional interaction between the indenter and the specimen surface, and the frictional
properties may be sensitive to environmental conditions. Temperature and relative humidity of the test
environment shall therefore be known and controlled, if possible, to ensure repeatability.

The recommended environmental conditions are

temperature:

22°C+2°C,

relative humidity: 50 % + 10 %.

6.4

6.4.1
Seleq

NOTH
comb

6.4.2

Hold
the r

Scratching procedure

General

t the test mode that will provide the information sought, see 6.1.

nation and the failure mode of interest.

Progressive-force scratch test

bquired start force to the stylus. Select the rate of increase of normal force and table tra

Valugs of 100 N/min and 10 mm/min are recommended.-S¢ratch the sample and determine the c

force

5 of the selected failure events, as described in 6.5.

Preliminary scratches should be used to define a\minimum start force producing an indentatior

obsefved by microscope observation (see 65)2), and the highest critical normal force of
maximum normal force used in subsequent:scratches can then be limited to prevent unnecessar
scratth stylus.

If the| critical normal force defining the failure event of interest is lower than 10 N, a rate of increa
force|of 10 N/min and an indenter{raverse speed of 10 mm/min are recommended.

6.4.3| Constant-force scratch test

Hold |the specimen rigidly in the sample holder and bring the diamond stylus into contact wit

surfa
6.4.2
can |
scrat
10m

ce. If the equipment is able to operate in the PFST mode, scratch the surface using the
to determineithe normal-force range of interest. Move the sample so that a new, unscrat
e tested{ Using one-fifth of the critical normal force determined by the PFST test, produc

M. Following evaluation of the scratches produced, a new series of scratches using lower

incre

It may be necessary to use more than one test mode, depending upon, the coating type, the coqting substrate

the specimen rigidly in the sample holder and bring the stylus into contact with the coated slirface. Apply

erse speed.
ritical normal

that can be
nterest. The
y wear of the

se of normal

n the coated
procedure in
ched, region
b a series of

Ches aftincreasing normal force using an indenter traverse speed of 10 mm/min and a scrgtch length of

hormal-force

ments can be used to investigate any regions of interest more closely.

6.4.4

Multi-pass scratch test

Hold the specimen rigidly in the sample holder and bring the diamond stylus into contact with the coated
surface. Using the PFST mode, scratch the surface to determine an approximate normal force at which the
failure mode of interest occurs. Using a normal force of 50 % of that determined under the PFST mode, an
indenter traverse speed of 10 mm/min and a scratch length of at least 3 mm, test the sample using the MPST
mode until failure occurs.

NOTE

Depending on the mechanical response of the specimen under investigation, it can be necessary to adjust the

normal force, lowering it to obtain better discriminating capacity, or increasing it to obtain the results in an acceptable time-

scale.

©1S0
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6.5 Scratch evaluation and critical normal-force determination

6.5.1

General

Several different methods are in use for evaluating scratches and for the determination of critical normal

forces, but o

nly microscope observation of the scratch is able to reliably differentiate between different failure

modes and enable L values to be attributed to specific modes of failure.

NOTE
failure modes
cracking (L),

To assist users of the scratch test in the standardized reporting of scratch test results, an atlas of scratch-test

is included in Annex B. The major failure events have been classified in terms of plastic deformation,
spallation (where the coating flakes off, typically at the edges) (L.,), and penetration of the coating to the

substrate at t

6.5.2 Micrgscope observation

Observe the
debris if it o
micrograph f
Annex B. Fo|
failure event
to the point g
change of ng
the sample d

Care shall b
example, dryf

NOTE 1 It
the stylus at th

NOTE 2 Th
NOTE3 M
analysis (EDX]
be used to e
enable the def

6.5.3 Acou

Failure even
and FF sign
occur, so th
scratches.

Acoustic em
propagation

4 Lol o 4 e (7
CCTIUT UT UIC rdUnN \LCB’.

scratch or scratches produced using a reflected-light microscope. Remove 100sely adhering
bscures the region of interest. Select the failure of interest and either make~a-sketch or fake a
br inclusion in the test report. Alternatively, reference may be made to a representative picfure in
I scratches produced using the PLST mode, determine the critical norfmal force for the chosen
by measuring the distance along the axis of the scratch from the start (ifailing edge) of the sg¢ratch
f failure extended perpendicular to the axis, see Figure 2, and multiplying the result by the fate of
rmal force, in newtons per millimetre, determined from the time rate of change of this forge and
isplacement velocity.
e taken when removing loosely adhered debris to cause\no further damage, by the use ¢f, for
air or a clean, soft, paintbrush.

s normal to ignore isolated failures, and critical normal-force values generally refer to the normal fofce on
e start of clustered events, see Figure 2.

e recommended magnification for optical obsefvation is between 100x and 500x.
prsive

e can
metry

bre advanced observation tools, such+as”scanning electron microscopy (SEM) with energy disp|
, SEM operating in the backscattered mode, scanning profilometry or a scanning acoustic microscoq
aluate the coating damage more ‘accurately. Scanning acoustic microscopy and scanning profilg
ection of delamination events below'the surface of the coating (blister formation).

stic emission (AE) and frictional force (FF) recording

bd AE
ations
pf the

s under the scratch stylus, during scratching, may result in perturbations of in situ monitor
bls (see Figure4).”If such monitoring is used, record the normal forces at which perturb
bt these may<be related to failure events observed during the microscope examination

ssion\is-generated by the elastic waves resulting from the energy released by the creation and

friction table

failure criterio

bf-cracks, but it can also be related to friction phenomena and instrumental noise (e.g. fro

n. The AE-sensor should be of the resonant type, and the electronics should have a 30 kHz high

pass filter (without energy integration) to avoid the mechanical vibration frequencies of the instruments
(typically from 0 kHz to about 30 kHz).

NOTE In

situ measurement of the specimen displacement is desirable, to enable the direct correlation between

normal force, displacement, and other measuring signals.

© 1SO 2005 — All rights reserved
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Repeatability and limits

Because of the statistical nature of the failure probability, an exact critical normal-force value obtained in a
single measurement is not significant, and at least five test operations shall be carried out. Consecutive test
operations shall be performed in such a way that the critical normal forces cannot be influenced by the
preceding scratch tracks.

Accepted limits for scratch testing are:

a) critical normal force L, > 1 N;

b) resolution of normal force: 0,1 N;

c) ¢oating thickness < 20 um;

d) noughness parameter Ra < 0,5 um.

NOTH The typical measurement uncertainty at the 95 % confidence level is 20 %, and different operators introduce

errord in the range 5 to 10 %. Under optimum conditions, the reproducibility between-instruments used for {
is betjer then 15 % (see Reference [4]).

8

Test report

The fest report shall include the following information:

a)
b)
c)
d)
e)
f)
9)
h)

e name of the testing establishment;

e date of the test, a unique identification of the“feport and of each page;

e name and address of the customer, and a signatory of the report;

reference to this International Standard, i.e. “Determined in accordance with ISO 20502”;
e identification of the test material or product;

e procedure used for speeimen preparation;

gample planarity;

ffate of applicatioen’ of normal force;

traverse speed;

indenter tip radius;

he scratch test

environmental conditions;

test results for L

a description of the failure modes by reference to a micrograph, sketch or appropriate figure in Annex B;

dates of last calibration of instrument and indenter;

comments on the test or test results, which shall be reported in accordance with ISO/IEC 17025;

cycles to failure if tested in the MPST mode.

© I1SO 2005 — All rights reserved
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Y, A
Fmax
;Fmin
t
Y, 4
t
a) Progressive force operation mode
Y, 4
F
t
Y, 4
Fmax
t
b) Constant-force operation mode
Key
t time
Y1 normalforce
Y2 indentgr traverse distance
Frax maximum force
Foin  minimum force

Figure 1 — Sketches illustrating the normal force and traverse distance versus time
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Key

1 gritical normal forces indicating start of clustered events
2 ipolated event

Figure 2 — Schematic representation-of’isolated and clustered events
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Key

0 N o O b~ WN -

10

I *
(lxxllll\ll \\
7 A, X

stylus shaft

vertical fqrce transducer
upper-support assembly

base refgrence

XY stage|to manoeuvre samples
XY stage|drive arrangement
low-frictign sample table
horizonta] force transducer

Figure 3 — Schematic of a typical scratch tester
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YA LY,
125 1100
- 80
9 —
- 60
6
= 40
30 -
120
—>
0 /“'—*‘H—""/’r’/ | I 0 — 1
0 10 20 30 40 50 60 70 80 X
Key
X ormal force (N)
Y, }iction force (N)
Y, acoustic emission (arbitrary units)

Figure 4 — Acoustic'emission and friction force recording versus normal force
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Annex A
(normative)

Procedure for calibration of a scratch testing system

A.1 Introduction

It is essenti
instruments
procedures fi

The procedJ
development

MAT1-CT-940045. Procedures are given for calibrating horizontal displacement, applied normal forcsg

frictional forg
orthogonal tg

The procedJ
behaviour of
comparison

NOTE If

al to ensure that force and displacement measurements that are made with scratch
Are correct if relevant values for critical normal forces are to be quoted. This annex des
br mandatory calibrations of scratch test instruments.

res described were developed as part of the FASTE programme (see Reference [1]) o
and validation of test methods for thin hard coatings, which was supported by EC co

e measurements, together with a procedure to ensure that the test surface moves in a dire
that of the stylus.
their test systems, and formed the basis for analysis 6f the results of an inter-labo

vhich was an important element of the FASTE exercise.

carefully performed, the accuracy of calibration is better thanc1 %.

A.2 Scop
This annex
a) calibrati
b)

c)

d)

A.3 Princ

With the ex

calibratipn of the force transducer which measures applied normal force;
calibratipn of the measurement of ‘horizontal displacement of the indenter across the sample;

calibratipn of the force transducer which measures frictional force (where fitted).

scribes procedures for the following mandatory calibrations:

n of the motion of the test surface‘relative to the stationary stylus;

ple

ception of sample flatness calibration, the procedures described compare the outpy

test
ribes

n the
htract

and
ction

res described were used by the participants in the FASTEsexercise (Task S) to quantify the

atory

ts of

instrumental

transducers to those from traceably calibrated measuring instruments. when measuring the

pame

parameters under identical conditions.

A.4 Apparatus

A.4.1 Introduction

In order to conduct the calibration procedures, additional items of apparatus are required. Those items that
are involved with providing data for the calibration i.e. force transducers, displacement devices, etc. shall
themselves be traceably calibrated to national standards.

12
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Devices for recording outputs of transducers are an absolute requirement of the procedures. The minimum
that can be considered is a two-channel XY chart recorder. Ideally, an AID card installed into a personal
computer provides the best solution, as subsequent data processing can be automated and the introduction of
processing errors reduced. Again, these devices shall be traceably calibrated to national standards.

Two of the procedures, namely normal-force application and horizontal displacement, specify that a 'rate' of
application be achieved. This implies that a time base is recorded and, therefore, calibration of time shall be
provided for.

The lists in A.4.2 to A.4.4 give the ancillary equipment and/or samples required to perform each individual
procedure.

A.4.2 Normal force

a) A force transducer with sufficient range (normally O N to 100 N will be sufficient)xand dimgnsions to fit
between the stylus and sample holding plate.

b) A hardened steel plate to be located on the surface of the force transducer contacted by the stylus. This
ip for protection purposes.

A.4.3 Horizontal displacement

a) A long-stoke displacement transducer (range >10 mm with “a resolution of 5 pum) and [a means of
attachment to the sample stage.

b) A travelling microscope to measure the length of the sératches.

A.4.4 Frictional force

a) A force transducer with sufficient range (netmally 0 N to 100 N will be sufficient).
b) Dimensions to fit onto the sample holding plate.

c) A hardened steel plate for the force transducer to work against.

d) Attachments to provide harizontal force into the sample stage.

e) A roller-supported system should be considered.

f)  Alternatively, aspulley arrangement with freely suspended weights can be used.

rface

A.5.1.1 Mount the sample to be tested on the sample table and perform a scratch test at a constant normal
force of 10 N, at a rate of 10 mm/min and with a length of 10 mm.

A.5.1.2 The test surface can be considered to be level if the greatest deviation from the recorded normal
force is no greater than + 0,5 N. If the test surface does not meet the requirements then appropriate
adjustments shall be made until conformance is achieved.

A.5.1.3 Alternatively, if an optical microscope can be used to view the sample stage or mounted sample in its
testing position then, provided that they remain in focus for the length of the scratch, they can be considered
as suitably levelled. In order to reduce the effects of depth of field produced by the optics, a magnification of
no lower than 200x shall be used.

© 1SO 2005 — All rights reserved 13
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A.5.2 Procedure 2: normal force

A.5.2.1 Place the calibrated-force transducer on the sample stage and mount a hardened steel plate on top,

such that the

indenter will apply an axial force to the force transducer, see Figure A.1.

3

o
o

Key

1 calibrateq

2 instrument force transducer

3  force app

A.5.2.2 Usi
applied nor
tester force
force (typical

NOTE Rea
A.5.2.3 Req

A.5.2.4 Cor
forces (N) ar

=

-force transducer

lication
Figure A.1 — Experimental arrangement for calibration of normal force
g the normal-force application mechanism of the scratch tester, incrementally increas

al force and record the output of the calibrated-force transducer as a function of the sc
ransducer. A minimum af 20 increments shall be obtained up to the maximum applied n
y 100 N) of the scratch-tester.

eat this test.Cycle four times and discard the first set of measurements.

vert the-values for the output from the calibrated-force transducer into known applied n
d perform a least-squares linear regression on the data, and record the slope of the normal]

Hings can be madeith a chart recorder, digital voltmeter or computer-based digital acquisition systen.

e the
atch-
brmal

brmal
force

curve (Lygs) §

nd-force offset calibration (Lyq) coefficient.

In this analysis, the output from the scratch-tester applied force transducer (V) should be treated as the
independent variable and the known normal force (F,,) as the dependent variable, so that the linear regression

analysis fits t

Fo=LN

he data to an expression of the form;

sVN+Lno

A.5.2.5 A continuous normal-force application cycle (up to a maximum normal force of 100 N) shall also be
performed and plotted against a time base, using the stylus and sample for testing. This will calibrate the force
application rate. The force application rate (Lyg) is equal to the slope of the normal-force-time graph. The
application rate of the normal force should be adjusted until it is (100 = 1) N min—71.

14
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On some designs of scratch tester, the positioning of the normal-force transmitting spring located at the end of
the cantilever arm can adversely affect the application rate of the normal force, especially during the early
stages of a test. Care should be taken to ensure that this spring is correctly located.

A.5.3 Procedure 3: horizontal displacement

A.5.3.1 Clamp the calibrated displacement transducers firmly to the scratch-tester horizontal displacement
transducer so that the two transducers are in parallel. Use the normal motion mechanism to incrementally
move the specimen stage over the full measurement range of the displacement transducer, see Figure A.2.

=

I
=l

B
3

Key

¢alibrated displacement transducer
2  ipstrument displacement transducer
direction of motion

Figure A.2 — Experimental.arrangement for calibration of horizontal displacemept

A.5.3.2 Record the output.from the calibrated displacement transducer as a function of the [output of the
in-bullt horizontal displacement/transducer. A minimum of 20 increments of displacement to the maximum
setting shall be made.

NOTH Readings caii.be made with a chart recorder, digital voltmeter or computer-based digital acquisifion system.
A.5.3.3 Repeat this test cycle four times and discard the first set of measurements.
A.5.34 Convert the values of the output from the calibrated displacement transducen into known

horizpntal, displacements (dy), perform a least-squares linear regression on the data, and record the
horizpntal-displacement scaling calibration (Dyg) and horizontal-displacement offset calibfation (Dpq)
coefficients.

In this analysis, the output from the scratch-tester horizontal displacement transducer (Vy) should be treated
as the independent variable, and the known horizontal displacement (dy) as the dependent variable, so that
the linear regression analysis fits the data to an expression of the form:

dy = DysVaH + DHo

A.5.3.5 Check the alignment of the transducer relative to the stage by measuring the length of a scratch
made on a steel sample, and compare this with the length calculated from the displacement transducer
readings. If any discrepancies occur between the two measurements then the alignment of the transducer
shall be checked.

© 1SO 2005 — All rights reserved 15
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A.5.3.6

A displacement-time graph should also be recorded to allow calibration of the horizontal

displacement rate (velocity) of the stage to be made. The velocity (Dyr) is equal to the slope of the
displacement-time graph. The velocity should be adjusted to (10 + 0,1) mm min~1.

A.5.3.7

If a second displacement transducer is not available, then the following alternative method of

checking the in-built transducer can be used. Using an easily marked substrate (e.g. hardened steel or
ceramic), make a series of scratches of varying length under a constant normal force of low value (e.g. 10 N).
Measure the total length of the scratches less the track widths, and compare these lengths to those indicated
by the in-built transducer (see Figure A.3).

NOTE This procedure can be carried out at the same time as that for sample planarity.
- 1 -
A
m
|
<l 2 -
Key
1  total scrafch length
2  indicated|scratch length
3 scratch width
NOTE Sgratch displacement = Total length — scratch width.
Figure A.3 — Schematic for the detépmination of sample displacement

A simple assessment of displacement rate can'be obtained by performing a constant-force scratch (10 N}
measuring the scratch length with a travelling microscope. A time base can be derived from the normal
trace, which|should be recorded. This precedure can be carried out at the same time as that for sdg
planarity is being performed.
A.5.4 Procpdure 4: frictionalforce
A.5.4.1 A\ mechanism) (thumb-screw pushrod, pulley system or manual control of the normal
mechanism)is required to-provide a controlled application of the calibration force.
A.5.4.2 Mount.the' calibrated-force transducer onto the scratch tester in such a way that an axial fo
applied to bdth the'calibrated cell and the scratch tester's own force transducer, e.g. by the use of a rets

, and
force
mple

drive

ce is
ining

block, see F|

gure A.4. The calibrated transducer should be mounted so that its axial position is as close

o the

normal sample surface as possible and, in any event, no more than = 10 mm from it, see Figure A.4.
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2
Key
1 ¢alibrated-force transducer
2 instrument force transducer
3  fprce application
4  retaining block

Figure A.4 — Experimental arrangementfor calibration of frictional force

A543 Incrementally increase the horizontal force and take readings of the output from the calibrated-
force| transducer and the scratch-tester force transducer. At least 20 increments should be usg¢d, up to the
maximum frictional force that is expected.

NOTH Readings can be made with a chart recorder, digital voltmeter or computer-based digital acquisifion system.
A.5.44 Repeat this test cyclefour times and discard the first set of measurements.
A.5.4.5 To detect possible’ measuring sensitivity of the horizontal force transducer to| the relative

positioning of the scratch,-the calibrations should be performed with the sample stage offset by |0 mm to the
left apd right of the centre-line of the friction force transducer.

A.5.4.6 Convert-the values of the output from the calibrated-force transducer into known simulated
frictignal forces. (F) and perform a least-squares linear regression on the rest of the data, and record the
frictignal force sealing calibration (Lgg) and frictional force offset calibration (Lgq) coefficients.

In this analysis, the output from the scratch-tester applied force transducer (Vg) should be trpated as the
independent variable and the known normal simulated frictional force (F) as the dependent variable so that the
linear regression analysis fits the data to an expression of the form:

F=LrsVF +LFo
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A.6 Recording results

The results of the above calibrations shall be recorded and appended to the Test Report, if required. The
results to be recorded are listed in Table A.1.

Table A.1 — Calibration results

Parameter Description
Lys Normal-Force Scaling Calibration
Lyun Normal-Force Offset Calibration
Lyr Normal-Force Application Rate
Dyg Horizontal-Displacement Scaling Calibration
Dyo Horizontal-Displacement Offset Calibration
Dyr Horizontal Displacement Rate
Leg Friction-Force Scaling Calibration
Leg Friction-Force Offset Calibration
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Annex B
(informative)

Typical failure modes obtained in scratch testing

Introduction

In th
well-
situ

discri
Micrag

t

scratch test, a stylus is drawn across the specimen surface under increasing normal forg
efined failure event occurs at a force which is called the critical normal force, L. L, canbe (
by monitoring acoustic emission, lateral forces or the scratch depth, but these met
minate between interfacial and cohesive failures, nor can they always detect.the very
scopic examination of the scratch track remains the only reliable means of associating a

with @ critical normal force.

To e
modq
deve

B.2

am
para
empl

Unddg
magf

B.3

An i
defor

Phot
toget

hable the standardized reporting of scratch critical normal-force valués;an atlas of scratg
s (see Reference [5]) was produced within the framework of the EC SMT project FA
opment and validation of test methods for thin hard coatings.

Experimental

hodology established. Scratches were made on.a Series of different coating systems. Star
eters of 100 N/mm and 10 mm/min were. Used, and a qualified diamond Rockwell C
byed, with rigorous control of the shape and cleaning prior to each test.

Trac;rble calibration of scratch test instruments and cleahing procedures were developed in the

r a reflected-light microscope, micrographs were taken from each observed failure
ifications of 180x and 360x.

Results

ventory of the major.scratch-test failure modes was established, which were classified
mation and different.ferms of cracking, spallation and coating penetration events.

bmicrographs(6f+the actual failures at two different magnifications are shown in Figures
her with a.sKetch illustrating the pertinent features of each failure and the precise event

critical normaliforce has been determined (marked by X). Each illustration is accompanied

desc
value

iption-of the failure mode as well as of the coating/substrate composition, and the critical
at'which the failure event occurred.

e until some
etermined in
hods cannot
first failures.
failure event

h-test failure
STE, on the

project, and
dard scratch
stylus was

mode, using

into plastic

B.1 to B.20,
or which the
Dy a concise
normal-force

B.4

Conclusions

The present catalogue of scratch-test failure modes cannot claim to be comprehensive, but should be
regarded as a first step to the standardized reporting of scratch-test critical normal forces.

In addition, the magnitude of, and subtle changes in, the observed failure modes may, in many cases, be as
important as the failure mode itself for assessing the quality of a coated specimen.

There is still much research work to be carried out in order to understand the mechanism of each failure mode.
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B.5 Scratch test atlas of failure modes

In Figures B.1 to B.20:

a) the scratch direction is from left to right;

b) the critical normal-force values indicate when the failure event first occurred;
c) the upper micrograph is at a magnification of 180x;

d) the lower micrograph is at a magnification of 360x;

e) the bottclym sketch in each figure shows the point (x) representing the point at which the accompd

critical nprmal-force value was determined;
f)  steel desgignations refer to AISI standards;
g) hardnesp scales: HRC = Rockwell C hardness

HB = Brinell hardness (2942 N; 10 mm ball).

Upper P-M Lower P-M
SCALE MARKERS: 100 um 50 um
180 x 360 x

nying
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<
PVDITiN (3,8 um) on hardened and ground M2 steel R{QD TiN (3,8 pm) on hardened and grounfd M2 steel
(64 HRC); L,=5N ¢X64 HRC); L,=22N

N

O *
>
Figure B.bc.} astic deformation Figure B.2 — Longitudinal cracks at the borders of
Q‘ the scratch track
&
R
)
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PACVD DLG
steel (64 HR

Figure B

(6,6 ym) on hardened and polished M2
C); L, =36 N

.3 — Forward ron cracks at the
borders of t ratch track
&
R
)

PVD Cr \‘@%% C (5 ym) on hardened and ground M2

steel (64 HRC); L, = 15N
N

Figure B.4 — Tensile-type Hertzian cracks within

the scratch track
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PVD|AISI 316 - 10 % N (10 pm) on polished 316
(155 HB); L, = 28 N

N

Figure B.5 —é&ian-type circular cracks

X~
Y

N

©

£
5" 4137/35 steel (56 HRC); L, = 5 N
\

ISO 20502:2005(E)

W

ARy

trolytic hard-Cr (7 ym) on hardened a

Figure B.6 — Combination of cracks
Figures B.3 and B.4, within the scra
(ignore deformation of grinding n

LN

3 Hviﬂ!

nd ground

shown in
ch track
harks)
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PVD Cr-129
steel (64 HR

Figure B.7
Figures B.!

24

C (5 ym) on hardened and ground M2
C); L.=11N

Arc-dis ?ﬁa\?ge DLC (0,4 pm) on annealed and pol
OHB), L,=8N

440
4\

MR

shed

Figure B.8 — Conformal-type buckling crac
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