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ISO (the International 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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 21546:2019(E)

Paints and varnishes — Determination of the resistance to
rubbing using a linear abrasion tester (crockmeter)

1 Scope

This document specifies a method for determining the resistance of a coating to rubbing by means of a
load¢dabrasive mmatertat wiicihr s timearty moved over the surface to be tested:

The inethod can also be applied to different material surfaces, such as plastics and metals.

2 Normative references

The following documents are referred to in the text in such a way that-some or all of their content
constitutes requirements of this document. For dated references, only~the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 105-F09, Textiles — Tests for colour fastness — Part F09: Speegification for cotton rubbing|cloth
ISO §45, Cellular plastics and rubbers — Determination of apparent density
[SO 1514, Paints and varnishes — Standard panels for testing

[SO 4808, Paints and varnishes — Determination of filni thickness

ISO 3270, Paints and varnishes and their raw m@terials — Temperatures and humidities for |conditioning
and festing

ISO 4618, Paints and varnishes — Terms-and definitions

ISO R3321, Solvents for paints and, varnishes — Demineralized water for industrial applications —
Specification and test methods')

ASTM D2240, Standard Test Méthod for Rubber Property — Durometer Hardness
FEPA-Standard 43-22),\Gruins of fused aluminium oxide, silicon carbide and other abrasive aterials for
coated abrasives micragrits P 240 to P 2500
3 Terms.and definitions

For the purxposes of this document, the terms and definitions given in ISO 4618 apply.

ISO 1o C adas + H 1 H 1l daotala £ H i | A - 3 + 21 £o11 H dd .
T TLC TITAITITAdIIT T IHTTITUTU g TL AT U ATAU A STS TUT USTTIT STAITUdT UTZatTOITN AU UTCT TUTTO WTITE d resses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

1) Under preparation. Stage at the time of publication: ISO/FDIS 23321:2019.

2) Federation of European Producers of Abrasives (FEPA). Reference source for FEPA standards: Staatliche
Materialpriifungsanstalt Darmstadt, Dr. Ing. P. Hof, Grafenstrafie 2, 64283 Darmstadt, Germany, Tel.: +49-6151-16
65 82, Fax: +49-6151-16 60 46, E-Mail: hof@mpa-ifw.tu-darmstadt.de.
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4 Principle

A loaded abrasion tool, lined with agreed abrasive material and influenced by an agreed abrasive
medium, is moved over the coating using a linear abrasion tester (crockmeter). There are three
procedure variations, depending on the agreement and application (see Table 1).

Table 1 — Procedure variations

Abrasion tool

Geometry of Testload

abrasion tool

Contact surface to test specimen Applicati

on

A

Cuboid Base surface (22 mm x 22 mm) (22,0 + 0,5) N [flat test pan

els

B

Front surface (@ 16 mm) flat test pam

C

elsa

Cylinder (90£0,2) N |flat addycur

testspecimg

Lateral surface (@ 44 mm x 25 mm)b

ved
b1

a

With limi
flat test speci
b

The contd

Lations: Abrasion tool B is the original procedure variation; in most cases abrasion tool A is preferred al
men.

ct surface is a part of the lateral surface, which depends on different parameters, see 5¢2.3, Note 3.

to for

The assessnpent of the friction mark shall be agreed and can be carried out e.g~visually or by mea

measuring

5 Appar

5.1 Lined
Linear abras

5.1.1 The

5.1.2 For{
be integrate

velocity within the 70 mm measurement.area.

5.1.3 The
(9,0 £0,2) N

NOTE T
additional lo4

5.1.4 The
(100 + 30) 1

he change in gloss, haze or brightness.

atus and ancillary materials

r abrasion tester (crockmeter)

bion tester in accordance with Figure 1, whichis specified by the following properties.
mechanism can be manual (as illustrated’in Figure 1) or (electro) motor driven.

he motoric version, an operation-counter for pre-setting the number of double-strokes
 and the mechanism shall have a'stroke frequency of (1,0 £ 0,1) Hz and shall have a con

test load with which~the abrasion tool (5.2) is pressed onto the test specimen sha
(for abrasion tool B.anid C) and (22,0 £ 0,5) N (for abrasion tool A).

st devices intended for a test load of 9,0 N can be converted to a test load of 22,0 N by means
d of 13,0 N (corrésponding to an additional weight with a mass of 1,33 kg).

strokedength shall be selected in such a way that the length of the assessable friction mj
m,

NOTE1l T¥

ns of

shall
stant

1l be

of an

hrk is

bla fiiors 1 lotlhao taotal L0104 Je1] £l H £l oot
I aSSTSSauTCTIT TCTIUTT I AT O U arS  tre—toO AT T TUCIUTT AT ;TS STHTICCA P ATTISTUTT OT Tt uUTItatt™s

rface

of the abrasion tool in the direction of the stroke on both ends (see 7.3.1). Consequently, the stroke length is at
least 70 mm + 2 x expansion, in millimetres, of the contact surface of the abrasion tool in the direction of the
stroke. For the dimensions of the abrasion tools, see 5.2.

NOTE 2

Some devices exist with a length of the assessable surface less than 70 mm due to technical reasons.

© ISO 2019 - All rights reserved
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1
a
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x
V \
\ \
3 2
Key
1  drank mechanism (crank handle)
2 brasion tool B - see 5.2.2
3

flest specimen
|

jsb]

irection of stroke motion.

Figure 1 — Crockmeter (example with manual crank mechanism)

5.2 | Abrasion tool

5.2.1 Abrasion tool A, e.g. as shown in Figurex2“a). The felt insert shall have the|dimensions
(22,4 £ 0,2) mm x (22,0 + 0,2) mm x 6 mm and a‘bulk density of 0,44 g/cm3. The coupljng with the
crockmeter (5.1) is rigid.

NOTH Despite the rigid coupling a tilting of\the front face of the abrasion tool A against the tegt specimen is
impogsible due to the elastic felt insert.

5.2.2 Abrasion tool B, designed as a cylinder with a diameter of (16,0 + 0,1) mm, the fropt surface of
which is facing the test specimen: The coupling with the crockmeter (5.1) is rigid.

NOTE 1  Due to the rigid coupling a tilting of the front surface of the abrasion tool B against the flest specimen
is gerjerally possible.

NOTHE 2  Unlike abrasion tools A and C, abrasion tool B cannot be lined with abrasive matg¢rial without
wrinkling.

5.2.3 Abrasion tool C, e.g. as shown in Figure 2 b). The radius of the tool shall be (19,0 £ §,5) mm and
a width of£25,0 * 0,3) mm. In the contact area to the test specimen, the lateral surface of the tool shall
be cquered'with a layer of EPDM rubber3), e.g. DIM ZK EPDM 21606%), with a thickness of (3J0 + 0,3) mm
and a width of (25,0 + 0,3) mm, and which has the hardness of (60 + 5) Shore-00 in accardance with
ASTM D2240 and a bulk density of (0,16 + 0,02) g/cm3 in accordance with ISO 845. The coupling with
the crockmeter (5.1) can be moved across the direction of the stroke [see view Il in Figure 2 b)].

When lining the abrasion tool with the abrasive material (5.3), the latter is attached tightly to the
abrasion tool by means of roll pins which are elastically interconnected by the rubber strips (see
view Il in Figure 2 b).

NOTE1 Due to the EPDM rubber cover the effective diameter of the tool is 44 mm.

3) EPDM: Ethylene-propylene-dien-monomer.

4) DIM ZK EPDM 21606 is the trade name of a product supplied by DIMER. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.

© IS0 2019 - All rights reserved 3
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NOTE 2  Due to the geometry of the abrasion tool and the movable coupling with the crockmeter, tests can be
carried out on curved test specimens by means of abrasion tool C.

NOTE 3  Unlike abrasion tools A and B, the contact surface with the test specimen is geometrically unspecified
for abrasion tool C; it is rather defined by the radius of the tool, the elastomer hardness, the test load, and, if
applicable, by the properties of the abrasive material.

Z

° 1
2
a) Abrasion tool A

4 © IS0 2019 - All rights reserved
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I View across the direction II View in the direction of the
of the stroke (design details) stroke (swivelling range)

b) Abrasion tool.C

Key
felt insert

¢-ring for attaching abrasive material

ddapter shaft

dxial pin (swivel axis)

ubber strips

1ol pins (locked in the base 5)

base with cylindrical outer contour (radius 19 mm)
dellular rubber (20 mm x 25 it x 3 mm)

O© 0 N O U1 o W N =
—_

qwivelling range (approximately 60°)

Juny
o

4brasive material

Figure 2 — Abrasion tool

IV View across the direction
of the stroke (lir;r:d with
abrasive material)
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5.2.4 Selection of the abrasion tool. The selection of the suitable abrasion tool depends on the type
of the sample. Figure 3 shows examples for abrasion tools and the corresponding friction marks.

a) Abrasion tool A b) Abrasion tog‘i B c) Abrasion tool C
D
Figure 3 — Examples for abrasion tool@nd the corresponding friction marks

N

Q8
For flat test panels, abrasion tool A is mo(t)\?uitable, because it produces a uniform, homogerleous
friction mark which can be assessed easily: .

The original abrasion tool B can als @used on flat test panels, nevertheless it produces a transviersal
inhomogengous friction mark [se(S tigure 3 b)] which is difficult to assess. Therefore the abrasior} tool
A should be preferred.

N
For curved test specimen sion tool C shall be used in any case. Care shall be taken to ensurg that
the strokes are located lel to the curvature of the sample to obtain a maximum contact area and a

friction mark that cab¥~ ssessed clearly (see Figure 4).
s
<

Figure 4 — Position of abrasion tool C on a curved sample surface

6 © IS0 2019 - All rights reserved
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5.3 Felt cloth

Felt cloth with a thickness of 1,5 mm and a bulk density of 0,28 g/cm3, corresponding to the felt
hardness DIN 61200 — M5.

The abrasion tool can be lined with the felt cloth beneath the abrasive material. The felt cloth works as
a compensating material and ensures that the abrasive material is pressed onto the coating evenly and
over the entire surface. By agreement, a different cloth can be used which fulfils the same function.

5.4 Abrasive material, for lining the abrasion tool

5.4.1 Cotton rubbing cloth, in accordance with ISO 105-F09 with a mass per unit area©f|(110 +5) g/
m2 ahd 36 threads/cm in both directions.

5.4.2 Abrasive paper, with agreed grain size in accordance with FEPA standatd43-2 and preferably
self-gdhesive.

5.4.3 Abrasive material, with agreed grain size in accordance with FERA’standard 43-2, gttached to a
soft gupporting material.

5.4.4 Felt, made of a material with agreed properties (e.g. bulk\density and felt hardness pccording to
DIN $1200).

5.5 | Abrasive medium

Abrajsive paste, abrasive powder, etc. of agreed type and/or water in accordance with ISP 23321, for
sprinkling/wetting the abrasive material and/or‘the coating prior to rubbing.

5.6 | Tools for assessing the friction marks

Depgnding on the agreed evaluation niethod, e.g. a measuring device for determining the gloss (see
Anngx C), the haze, or the brightness, is necessary, in combination with a measuring tegmplate (see
Anngx B) or a set of comparison-pictures.

6 Test specimens

6.1 | Test specimens

The ftest specimens shall be plane and prepared, coated, and dried/hardened in accofdance with
ISO [1514. The width of the test specimens shall allow for the possibility that three tlests can be
carried.@ut next to each other without edge influence; the lengths of the test specimens dgpend on the
consfruction of the test device.

NOTE Normal test specimen dimensions are 100 mm x 150 mm.

The surface of the test specimen shall be clean. Clean the surface with a soft, lint-free cloth and, if
necessary, use a solvent which does not attack the coating.

6.2 Film thickness

Determine the dry film thickness of the coating, in micrometres, in accordance with one of the methods
given in ISO 2808.

© IS0 2019 - All rights reserved 7
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6.3 Conditioning

Prior to testing, condition the coated test specimens at a temperature of (23 * 2) °C and a relative
humidity of (50 + 5) % in accordance with ISO 3270, if not otherwise agreed, for a minimum of 16 h.

7 Procedure

7.1 Test conditions subject to agreement

For the test procedure and the evaluation of the test the following shall be agreed:

— the abr4
the abrs
the abrs
the nuny

the eva

referen
the timg¢

Examples of

7.2 Test ¢

Carry out th
record in th
on the test

Carry out the test as quick as possible, howeyer; not later than 30 min after the conditioning phase}

7.3 Testi)

7.3.1 Ifth
brightness,
least three i

The measur]
the mea

— they arg

)sion tool in accordance with 5.2;
)sive material in accordance with 5.4;
sive medium in accordance with 5.5;
ber of double-strokes;

uation criterion, e.g. measurements of gloss, haze or brightnessyvisual comparison
fe pictures, etc.;

b interval between abrasion and evaluation of the friction-marks.

usual test conditions are given in Annex A.

bnvironment

b test report. In case of high relative humidity, be careful that no condensation water f
pecimen due to falling below the dew, peint.

18 process

g friction marks are assessed by agreement using optical measurements, e.g. gloss, ha
letermine — prefefably using the measuring template (see Annex B) — on the test panel at

nearly spread measurement points and mark them.
ement pointséshall be determined such that:
suring-axé€as do not overlap;

spread evenly on the (expected) friction mark;

le test at a temperature of (23 + 2) °C. Measure the relative humidity during the test

with

and
brms

ve or

— at the ends of the (expected) friction marks, an area corresponding to the agreed abrasion tool is
left blank.

7.3.2 Align the agreed abrasion tool (5.2) with the agreed abrasive material (5.4), if necessary in
combination with felt cloth (5.5).

7.3.3 Mount the test specimen on the test device. Where appropriate, consider the markings in
accordance with 7.3.1, so that the position of the intended friction mark corresponds with the specified
measurement points.

7.3.4

If applicable, apply the agreed abrasive medium (5.5) on the abrasive material and/or the coating.

© ISO 2019 - All rights reserved
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7.3.5 Lower the abrasion tool prepared in accordance with 7.3.2 onto the coating with the specified
test load (see Table 1 and 5.1.3) and carry out the agreed number of double-strokes with a frequency of
1 double-stroke/s.

7.3.6 Clean the area of the friction mark in the direction of the marking by means of a soft, lint-free
cloth and, if necessary, use a solvent which does not attack the coating. After the agreed period of time,
assess the friction mark in accordance with the method specified.

7.3.7 If the friction marks are assessed by agreement using optical measurements, e.g. gloss, haze or
brightness, repeat the measurements in accordance with 7.3.1 using the same measuring direction.

7.3.8 Only uniform and continuous friction marks shall be evaluated.

L
[y
o
N
o8]
N

7.3.9 Ifitis agreed to assess several friction marks, repeat the procedure described in 7.3.
accordingly.
8 Evaluation

The ¢valuation method of the friction marks shall be agreed betweenthe interested parties.

9 Precision

9.1 | Repeatability limit, r

The repeatability limit, r, is the value less than orequal to which the absolute difference Hetween two
test results obtained under repeatability conditions may be expected to be with a probabllity of 95 %
(see ]SO 5725-1:1994, 3.16). For gloss measurements as an example for a test criterion the repeatability
limit} r, in accordance with this document,calculated with a probability of 95 %, is given in|Table 2.

Table 2 — Repeatability limit, r, for gloss measurements

Measurement angle r
abrasion tool
GU
A20-A 8
A20-B 8
A20-C 9
A60-A 8
A60-B 7
A60-C 8

9.2 Reproducibility limit, R

The reproducibility limit, R, is the value less than or equal to which the absolute difference between
two test results obtained under reproducibility conditions may be expected to be with a probability
of 95 % (see ISO 5725-1:1994, 3.20). For gloss measurements as an example for a test criterion the
reproducibility limit, R, in accordance with this document, calculated with a probability of 95 %, is
given in Table 3.

© IS0 2019 - All rights reserved 9
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Table 3 — Reproducibility limit, R, for gloss measurements

Measurement angle R
abrasion tool

GU
A20-A 14
A20-B 11
A20-C 15
A60-A 13
A60-B 10
A60-C 11

For more deftails on precision, see Annex D.

10 Test report
The test report shall contain at least the following information:
a) all detalls necessary to identify and characterize the test specimen;

b) the film|thickness, in micrometres, in accordance with 6.2;

c) areference to this document (i.e. ISO 21546);
d) the relafive humidity during testing, as percentage;
e) the abrgsion tool (A, B, or C) used;

f) the agr¢ed abrasive material in accordance with 5.4 and information whether the felt cloth|(5.3)
was us€d;

g) the agr¢ed abrasive medium in accordance with 5.5 (type of abrasive paste, abrasive powder, etc.
and/or quantity and type of water);

h) the agréed number of double-strakes;

i) the stroke length, in millimettes;

j) the agreed test criterion;

k) the agreed time interval between abrasion and assessment of the friction mark;
1) the test|result forthe agreed test criterion;

m) any devjation‘'from the test method specified;

n) any unusual observation {deviation) during testing;
o) the name of the operator and the testing laboratory;

p) the date of the test.

10 © IS0 2019 - All rights reserved
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Annex A
(informative)

Usual test conditions

Usual test conditions are given in Table A.1.

Table A.1 — Usual test conditions

Coating system Compensating Abrasive material Abrasive medium
material
Autgmobile clear coating Felt cloth in accord- |Abrasive material in accord- —
matdrial ance with 5.3 ance with 5.4.3
Autgmobile interior coating — Cotton rubbing cloth i ag- Without gbrasive
matgqrial cordance with 5.4.1.6rfelt in medium dr various
accordance with 5:4.4 test liquids
Interfior wall coating — Cotton rubbing,cloth in accord- | Without aprasive
ance with 54.1 medium qr water
Indufstrial coating material — Abrasive paper in accordance —
with 52

© IS0 2019 - All rights reserved 11
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Annex B
(informative)

Measuring template

If the friction marks are assessed by agreement using optical measurements, e.g. gloss, haze or

brightness, it shall be ensured that:

— the medsuring surface of the measuring device considering the measuring direction lies withi

intendef friction mark;

— the medsurement points are in the same position prior to and after abrading.

For these pyrposes, it can be helpful to use a measuring template (see Figure B.1) in order to carr

process steps 7.3.1, 7.3.3 and 7.3.7 correctly.

L

/£ - \ A
Yy ERALNNEN

Key
friction mark

test spedimen

measuring template {mask)

cross marking on'the mask

cross marking o1t the test specimen
longitud{nalmarking on the test specimen

7/ \ N

n the

y out

N O U W N

longitudinal marking on the mask

Figure B.1 — Measuring template (example)

12 © IS0 2019 - All rights reserved
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Annex C
(informative)

Evaluation of gloss as test criterion

The evaluation of gloss as test criterion is influenced by the width of the friction mark. In most cases,
the measuring spot of the 60° geometry is larger than the width of the friction mark. See Figure C.1.

1 2 3

~
)
<

dbrasion tool A
dbrasion tool B
dbrasion tool C
iiction mark obtained with abrasion tool A

iction mark obtained with-abrasion tool B
iction mark obtained with abrasion tool C
tlest panel

O© 0 N O U1 o W N =

Ieasuring spot for gloss measurements with 20° geometry
easuring spetfer gloss measurements with 60° geometry

-
o

dloss measuréments perpendicularly to the friction mark

Figure C.1 — Gloss measurements on friction marks
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Ten laborat
(crockmetet

The differen
Abrasion tg

The abrasio
with a squai
glossmeter Y
gloss measy

Abrasion td

The cylindrf}
is mainly us

This small d
ameasurem
will include

Abrasion td

The abrasio

ratory comparison test has been carried out for the determination of precision using-
ter (crockmeter) and three different types of abrasion tools (see Table D.1).

marks were assessed by measuring the gloss.

kmeter and abrasion tool

ories participated in the interlaboratory test with their owm ‘linear abrasion te

s).
t types of abrasion tools (5.2) were used with the crockmeteérs.
ol A

h tool A has been specifically developed for usecwith this document. It has a square §
e contact area of 22 mm x 22 mm. Thus, the rubbed area is large enough to use the por
vith the measurement angles of 20° and 60%“Nevertheless, this area is not large enoug
rements of matt areas using the measurement angle of 85°.

ol B

cal abrasion tool B with a diameter of 16 mm was implemented from ISO 105-X12. Thi
ed for textiles, but also used for other material surfaces.

iameter of the cylinder fesults in a small friction mark which can hardly be measured
the non-rubbed edgearea and will give erroneously high gloss values.
olC

h tool C is-a'hew development with the movable transverse cylindrical abrading the suj

near

sters

hape
table

h for

tool

with

ent angle of 20°. It is fiot'possible to measure with the angle of 60° or 85°. All measurements

face.

This constrijiction ¢anralso be used for curved samples. Only a small area of the cylinder is touchinlg the

surface.

The purpose ofthe infnr]ahnrnfnry comparison wasto r‘]:n'ify the Fn”nvm'ng'

are the three abrasion tools A, B and C comparable;
advantage and disadvantage of the different abrasion tools;

applicability of gloss measurements to the evaluation of rubs;

resolved measurements.
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precision of the test method including the differences between spatially resolved and non-spatially
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Table D.1 — Crockmeter and test conditions

ISO 21546:2019(E)

Crockmeter-ID Crockmeter Abrasion tool A Abrasion tool B Abrasion tool C
N N N
Cco1 Crockmeter A 22,4 9,0 9,6
c02 Crockmeter A 22,8 9,0 8,9
Cco3 Crockmeter A 22,8 9,4 9,8
C04 Crockmeter A 22,2 8,8 9,0
C05 Crockmeter A 22,8 8,7 9,0
€06 Crockmeter B 228 9,0 8,8
co7 Crockmeter C 22,0 9,0 9,0
C08 Crockmeter A 22,4 9,0 9,2
co09 Crockmeter A 22,2 8,8 8,8
C10 Crockmeter A 22,0 9,0 9,0

D.3

Samples and abrasion materials

Four|different coatings on three different substrates were testéd in the interlaboratory|comparison

(see l'able D.2).

For three samples, polishing paper 9 um was used as abrasion material and for the cgated plastic
substrate the felt cloth was used for abrasion (5.3 and 5.4).

Table D.2=- Samples

Sample Substrate Coating Abrasu_)n ™Ma 1 pouble strokes Angle
number terial
red automotive,coating with olishing paper
PO1 polycarbonate | reflow effect, measurement p 9 & pap 10 20°/60°
; um
after 10 min
P02 steel blackiautomotive coating +2 | polishing paper 10 20°
component clear coat 9 um
P03 plastics mat soft coat dry felt cloth 100 60°/85°
P04 steel black p(_)wder coating, polishing paper 10 20°/60°
high gloss 9 pm
Two friction marks were produced on each sample.

D.4

Determination of the abrasion using gloss measurements

Only!

one g]r\ccmnh:\r JALAS ncar‘ fnr QI] measurements

For samples P01 and P04 measurements with 20° and 60° were made, to determine which measurement
angle is the most suitable for high changes in gloss after abrasion.

Gloss measurements were taken perpendicularly to the tracks.

D.5 Multiple determinations

All gloss measurements, before and after abrasion were taken using a measurement template for
defining the three measurement points on each of the two friction marks.

© IS0 2019 - All rights reserved
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