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Foreword

150 (the International Organization for Standardization) is a worldwide federation of national standards bodies
(IS0 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-governmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 20502 was prepared by Technical Committee ISO/TC 206, Fine ceramics.
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7 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) coating thickness < 20 pm;
d) roughness parameter Ra < 0,5 pm.

NOTE The typical measurement uncertainty at the 95 % confidence level is 20 %, and different operators introduce
errors in the range 5 to 10 %. Under optimum conditions, the reproducibility between instruments used for the scratch test
is better then 15 % (see Reference [4]).

8 Testreport

The test report shall include the following information:

a)  the name of the testing establishment;

b) the date of the test, a unigue identification of the report and of each page;

c) the name and address of the customer, and a signatory of the report;

d) a reference to this International Standard,.i.e. "Determined in accordance with ISO 20502";

e) the identification of the test material or product;

f)  the procedure used for specimen preparation;

g) sample planarity;

h) rate of application of normal force;

i) traverse speed;

J)  indenter tip radius;

k) environmental conditions;

l) - testresults for L

m) a description of the failure modes by reference to a micrograph, sketch or appropriate figure in Annex B;
n) dates of last calibration of instrument and indenter;

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

p) cycles to failure if tested in the MPST mode.
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Figure 1 — Sketches illustrating the normal force and traverse distance versus time
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1 critical normal forces indicating start of clustered events
2 isolated event

Figure 2 — Schematic representation of isolated and clustered events
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Figure 3 — Schematic of a typical scratch tester

1N
Copeight Iniernational Dvganizaton lor Standardization
Repreduced by THS under licensa with |50
Mo reproduction or networking penmitted withaul license fram IHS

6 1

\

Nt for Resale

© 150 2005 - All rights reserved



ISO 20502:2005(E)

Y. Y,
12F —1100
- 80
g —
- 60
E b
— L0
3 -
-1 20
— -
0 | ] 1 0 i
0 10 20 30 40 50 60 70 80

Key

X normal force (N)

Y, friction force (M)

Y, acoustic emission (arbitrary units)

Figure 4 — Acoustic emission and friction force recording versus normal force
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A5.3.6 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 (Dyg) is equal to the slope of the
displacement-time graph. The velocity should be adjusted to (10 + 0,1) mm min~.

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 P |
= o
o
_— 2 .
Key

1 total scratch length
2  indicated scratchlength
3 scratch width

NOTE Scratch displacement = Total length — scratch width.

Figure A.3 — Schematic for the determination of sample displacement

A simple assessment of displacement rate can be obtained by performing a constant-force scratch (10 N}, and
measuring the scratch length with a travelling microscope. A time base can be derived from the normal-force
trace, which should be recorded. This procedure can be carried out at the same time as that for sample
planarity is being performed.

A.5.4 Procedure 4: frictional force

A541 A mechanism (thumb-screw pushrod, pulley system or manual control of the normal drive
mechanism) is required to provide a controlled application of the calibration force.

A5.4.2 Mount the calibrated-force transducer onto the scratch tester in such a way that an axial force is
applied to both the calibrated cell and the scratch tester's own force transducer, e.g. by the use of a retaining
block, see Figure A.4, The calibrated transducer should be mounted so that its axial position is as close to 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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Figure A.4 — Experimental arrangement for 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 used, up to the
maximum frictional force that is expected.

NOTE Readings can be made with a chart recorder, digital voltmeter or computer-based digital acquisition system.
AbS544 Repeat this test cycle four times and discard the first set of measurements.

AbS45 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 10 mm to the
left and right of the centre-line of the friction force transducer.

AbS46 Convert the values of the output from the calibrated-force transducer into known simulated
frictional forces (F) and perform a least-squares linear regression on the rest of the data, and record the
frictional force scaling calibration (Lgg) and frictional force offset calibration (7o) coefficients.

In this analysis, the output from the scratch-tester applied force transducer (/) should be treated 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:

E=LrsVF + Lro
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A.6 Recording results

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

Table A.1 — Calibration results

Parameter Description
Lys Mormal-Force Scaling Calibration
Luo Normal-Force Offset Calibration
Lor Normal-Force Application Rate
Dyg Horizontal-Displacement Scaling Calibration
Duo Horizontal-Displacement Offset Calibration
Dun Horizontal Displacement Rate
Lpg Friction-Force Scaling Calibration
Len Friction-Force Offset Calibration

om0 Ny ncd Copsrtnilion e Blonardtasscn © 1SO 2005 — All fights reserved

Repreduced by THS under licensa with |50
Mo reproduction or networking penmitted withaul license fram IHS Nt far Aesale






ISO 20502:2005(E)

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 360:x;
e) the bottom sketch in each figure shows the point (x) representing the point at which the accompanying
critical normal-force value was determined:
f) steel designations refer to AlS| standards;
g) hardness scales: HRC = Rockwell C hardness
HEB = Brinell hardness (2942 N; 10 mm ball).
Upper P-M Lower P-M
SCALE MARKERS: 100 pm 50 um
180 x 360 =
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PVD TiN (3,8 pm) on hardened and ground M2 steel PVD TiN (3,8 pm) on hardened and ground M2 steel
{ﬁdl»HRC); L,=5N (64HRC), L, =22 N

Figure B.1 — Plastic deformation Figure B.2 — Longitudinal cracks at the borders of
the scratch track
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PACWVD DLC (6,6 um) on hardened and polished M2 PVD Cr - 0.5 % C. (5 pm) on hardened and ground M2
steel (64 HRC); L, = 36 N steel (64 HRC); L, = 15 N

Figure B.3 — Forward chevron cracks at the Figure B.4 — Tensile-type Hertzian cracks within
borders of the scratch track the scratch track
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PVD AISI 316 - 10 % N (10 pm) on polished 316 Electrolytic hard-Cr (7 um) on hardened and ground
(155 HB); L. =28 N 4137/35 steel (56 HRC); L. =5 N

Figure B.5 — Hertzian-type circular cracks Figure B.6 — Combination of cracks as shown in
Figures B.3 and B.4, within the scratch track
(ignore deformation of grinding marks)
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PVD Cr - 1% C (5 ym) on hardened and ground M2  Arc-discharge DLC (0,4 um) on annealed and polished
steel [_EA»ZHRC); L.=11N 440B (260 HB); L.=8N

Figure B.7 — Combination of cracks as shown in  Figure B.8 — Conformal-type buckling cracks
Figures B.3 and B.4, extending out of the scratch
track
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PVD Al,05 (3,6 um) on hardened and ground M2 PACVD DLC (2 pm) on hardened and polished M2
steel (64 HRC); L, = 12N steel (64 HRC); L. = 38 N

Figure B.9 — Cracks as shown in Figure B.3, Figure B.10 — Cracks as shown in Figure B.3,
with blister formation with local interfacial spallation
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PVD TiN (1,4 pm) on hardened and polished M2 PACVD polymera-C:H (1,2 ym) on hardened and
steel (64 HRC); L, =37 N polished 1060 steel (61 HRC); L. = 25N

Figure B.11 — Intarfacial-.'spallation Figure B.12 — Local spallation inside
at the border of the scratch track and next to the scratch track
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PACWD DLC (3,3 pm) on hardened and polished M2 PWVD AISI 316 - 10 % N (10 pm) on polished 316
steel (64 HRC); L, =29 N (155 HB); L. =23 N

Figure B.13 — Cracks as shown in Figure B.3, Figure B.14 — Cohesive spallation along the
with gross interfacial spallation scratch-track borders
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PVD TiN (3.8 pm) on hardened and ground M2 PACVYD DLC (3,3 pm) on hardened and polished M2
steel (64 HRC), L, =42 N steel (64 HRC); L, =43 N

Figure B.15 — Spallation along the scratch-track Figure B.16 — Gross interfacial shell-shaped
borders, both cohesive and interfacial spallation
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PACWYD DLC (3,4 pm) on hardened and ground M2  PACVYD DLC (2 pm) on hardened and polished M2
steel (64 HRC); L, = 15N steel (64 HRC), L, =10 N

Figure B.17 — Large-scale interfacial spallation Figure B.18 — Large-area interfacial spallation
inside the scratch track
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PYD TiN.(1.4 um) on hardened and polished M2 PVD DLC {3,2 um) on hardened and ground M2
steel (64 HRC), L, =45N steel (64 HRC), L, =51 N

Figure B.19 — Discontinuous ductile perforation Figure B.20 — Continuous ductile perforation
. of the coating of the coating
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