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Foreword

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.

The procedpres—tsed—to—develop—th CHeRt—at ose—intendedforitsfurthermaintenanee are
described i1} the ISO/IEC Directives, Part 1. In particular the different approval criteria needed \for the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may‘be the subj¢ct of
patent rightk. ISO shall not be held responsible for identifying any or all such patent rights. Details gf any
patent rightjs identified during the development of the document will be in the Introduction and/pr on
the ISO list ¢f patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)as well as information about ISO’s adherence to the W.FO principles in the Technical Barjriers
to Trade (TBT) see the following URL: Foreword - Supplementavy information

The commiftee responsible for this document is ISO/TG%61, Plastics, Subcommittee SC 2, Mechdnical
properties.
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INTERNATIONAL STANDARD

ISO 17541:2014(E)

Plastics — Quantitative evaluation of scratch-induced
damage and scratch visibility

1

Scope

This International Standard deals with quantitative evaluation of scratch-induced damage and scratch
visibftity frpotymmers:

This|International Standard specifies two methods to assess scratch damage and(scrat
expressed by three colour coordinates of a 3-D colour model.

Method A uses a scratch tip capable of area-contact or line-contact with material surfa
constant load condition. It is represented by scratch damage index (SDI).

Meth

repr¢sented by scratch visibility index (SVI).

The

methods are suitable for use with coated and uncoated therimoplastic and thermosetti

matqrials.

The

methods specify the preferred dimensions of testing'specimens and the preferred

geonpetry.

2
The

Normative references

following documents, in whole or in part, are normatively referenced in this docunj

indigpensable for its application. For dated references, only the edition cited applies. I
referfences, the latest edition of the referenced document (including any amendments) appl

[SO 491, Plastics — Standard atmaéspheres for conditioning and testing

ISO

294-1, Plastics — Injection;moulding of test specimens of thermoplastic materials — Pa

prindiples, and moulding of multipurpose and bar test specimens

ISO

294-2, Plastics — Injection moulding of test specimens of thermoplastic materials — H

tensile bars

ISO

platds

294-3, Plastics — Injection moulding of test specimens of thermoplastic materials — |

ISO 4508<1', Metallic materials — Rockwell hardness test — Part 1: Test method

ISO

ch visibility

ces under a

od B uses a scratch tip capable of line-contact under a linearlydncreasing load condition. It is

hg moulding

scratch-tip

ent and are
For undated
es.

rt 1: General

art 2: Small

art 3: Small

19252, Plastics — Determination of scratch properties

[SO 20753, Plastics — Test specimens

3

Terms and definitions

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

3.1

scratch
visual surface damage such as cutting and whitening, which is generated by sliding of the scratch tip
over the surface of the test specimen under defined conditions

© IS0 2014 - All rights reserved
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normal force

Fn

load applied by the scratch tip in a direction perpendicular to the material surface

Note 1 to entry: It is expressed in newtons.

3.3

tangential force

Ft

load applied by the scratch tip in a horizontal direction on the material surface

Note 1 to ent

3.4
scratch pat|
connected li

3.5
whitening
visual dam

Fy: It is expressed in newtons.

h
ne of scratch damage induced on the material surface by the scratch tip

e which is generated on the material surface along the scratch pathsuch as micro-crac

crazing, Voﬁfing, and debonding

3.6
single-dam|
SD
simple surf4

3.7
multiple-d3
MD

latticed dar
surface

3.8

scratch forg
Fs

resultant fo
vectors

Note 1 to ent

3.9

scratch stri
Ss

scratch forc

age

ce damage which is generated in a single directionzon the material surface

image

hages which are generated in two perpendicular, horizontal directions on the mat

Ce

rce applied to the material surface as the summation of the normal and tangential

Fy: It is expressed ifynewtons.

ength

b pet tinit contact area of area-contact scratch tip

king,

erial

force

Note 1 to ent

3.10

Y ITIS EXPIresSed I MEWTONS PEr SqUare Mmitiimetre.

scratch resistance

Rs

scratch force per unit contact length of line-contact scratch tip

Note 1 to entry: It is expressed in newtons per millimetre.

3.11

degree of scratch damage

AD
euclidean di

stance between the color coordinates of the scratched and unscratched surfaces

© ISO 2014 - All rights reserved
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percent difference in luminance

Lnorm
percent difference between the luminance values of the scratched and unscratched surfaces

3.13

scratch damage index (SDI)

[AD, Ss (or Rs)] or [Lnorm, Ss (or Rs)]
set of the relative severity of scratch damage and scratch strength (or scratch resistance) values, which
are quantitative values obtained under a constant normal load

3.14
criti
Ic

thref

3.15
criti
Sc

thref

3.16
scra
[ICl S
set o

visibjility obtained under a linearly increasing normal load

4 1

This
coatg
mate

The 1

nornpal load condition, is determiined by comparing the Euclidean distance or percent diffe

lumi
SDI i
strer

The s
perc
of int

valug.

cal intensity value

hold intensity value where the onset of scratch visibility occurs

ral saturation value

hold saturation value where the onset of scratch visibility occurs

fch visibility index (SVI)
) RS]
f the relative intensity, saturation, and scratch resistance values, which is the onse

Principle

test method provides a quantitative evaluation of scratch damage and visibility on j

t of scratch

olymer and

d surfaces. Scratching is generated-by 4 scratch tip capable of area-contact or line-contact on the

rial surface and can be induced under a constant normal load or a linearly increasing |

cratch damage index (SDI), the severity of surface damage caused by scratching unde

hance between colour coordinates of the scratched surface and the ones of the unscratd
5 defined as a set of the degree of scratch damage (or percent difference in luminance)
gth (or scratch resistance) values, as a quantitative determination.

cratch visibility,index (SVI), the onset point of scratch visibility where the surface da
pived by the fiaked eye, is determined under a linearly increasing load condition and def
ensity, satiration, which are two of three coordinates in HSI colour model, and scratc

h

5

oad.

r a constant
rence in the
hed surface.
and scratch

mage can be
ined as a set
h resistance

\ppa ratus

5.1

General description

The instrumented scratch machine consists of a load device, position sensor, specimen stage, clamping
devices, and scratch tip with a preferred geometry. An environmental chamber can also be added for
testing at non-ambient condition. For evaluation after scratching, tools such as optical microscopes,
flatbed scanners, profilometer, and colour analysis software are used.

5.2

Scratch tip

The scratch tip shall be made from stainless steel or tungsten carbide having a hardness greater than
Rockwell HRC 64 value, as specified by ISO 6508-1, and a roughness less than 0,20 pm, in accordance

with

© ISO
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Two scratch tips with a preferred geometry are used in this method. Type 1 is used to induce an area-
contact with the material surface (see Figure 1). Type 2 is used to induce a line-contact with the material
surface (see Figure 2). It is permissible to use other sizes of the scratch tip but this shall be noted in the
report.

Dimensions in millimetres

Figure 1 — Schematic of area-contact scratch tip, Type 1

Dimensionstinymillimetres

Figure 2 — Schematic ofline-contact scratch tip, Type 2

5.3 Load|and position sensors

Theinstrumented scratch machineshall be equipped with devices to monitor the normal force, tanggntial
force, instanjtaneous scratch depth; and horizontal position. The forces acting on the scratch tip shall be
measured with an accuracy 6f#1 % of actual value. The data acquired for depth and horizontal pogition
of the scratdh tip shall have an accuracy of 10 um or better.

5.4 Testload

The instrumented scratch machine shall be capable of maintaining the test load within a tolegance
of +1 %, for] ary test load chosen as specified in 7.3 and 7.4, and shall be capable of applying the|load
perpendicular to the test specimen within a tolerance of +1°.

5.5 Testspeed

The instrumented scratch machine shall be capable of maintaining the test speed within a tolerance of
*1 %, except for the first stage and the end stage of 10 mm for the total scratch distance, for any test
speed chosen as specified in 7.3 and 7.4, and shall be capable of reaching the test speed within 10 mm
and stopping within 10 mm.

5.6 Specimen stage

The specimen stage shall be flat, smooth, and free of holes in the area where the test specimen will be
placed.

4 © ISO 2014 - All rights reserved
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6 Test specimens

6.1 General

Test specimens having homogeneous surface in texture, colour, and flatness shall be prepared and
tested.

The specimen shall be cleaned to remove any contaminants or residues which can alter surface
characteristics. The reagent used for cleaning shall not affect the inherent surface properties of the
specimen.

6.2 | Shape and dimensions
Bars| plaques, discs, or other specimen types of sufficient size for testing can be used|

For gnly single-damage tests, standard multipurpose test specimens as specified in ISO 2D753 can be
used] If the scratch length is taken to be 100 mm, the specimen shall be atJeast 150 mm|in length to
provjde enough area for clamping.

For both multiple-damage and single-damage tests, injection-moulded testspecimens shall b¢ acceptable.
[t is fecommended to use plaques having dimensions of at least 150 @m wide by at least 1500 mm long.

6.3 | Preparation

Preppre test specimens as required by the relevant moulding materials standard, or, if pone exists,
following the conditions in ISO 294-1, [SO 294-2, and 1SQ-294-3, as applicable, and the recomimendations
of the material supplier.

6.4 | Conditioning

The fpecimens shall be conditioned in gne of the standard atmospheres specified in ISQ 291 or the
apprppriate material specification.

6.5 | Number of test specimens

At least five specimens shall'be tested to assess repeatability for each set of test conditions

7 Procedure

7.1 | Test atmosphere

The ptmosphere used for testing shall be the same as that used for conditioning, as fpecified in
accordance with ISO 291 or the appropriate material specification. If scratch tests are to be ¢gonducted at
temperataresotherthanthe roomtemperatureanenvironmental chambershallbeusedtofnaintain the
scratch tip and the specimen at the desired temperature. Prior to testing, the scratch tip and specimen
shall be conditioned in the environmental chamber for not less than 30 min.

7.2 Scratch tip

Before testing, the scratch tip shall be inspected for damage, deformation, or contamination using a
microscope, magnifying glass, or other suitable inspection device.

7.3 Method A (constant load condition)

Choose one of two scratch tips (i.e. area-contact tip, Type 1 or line-contact type tip, Type 2), as specified
in 5.2.

© IS0 2014 - All rights reserved 5
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In order to quantitatively determine the scratch damage, it is recommended that one of the combinations
of constant loads and test speeds specified in Table 1 is used over a scratch length of 100 mm. It is
permissible to use scratch lengths other than 100 mm but this shall be noted in the report. However, the
scratch length shall be at least 50 mm long.

Although the constant loads stated in this standard are 10N, 20N, 30N, 40N, and 50N, it is permissible to
use loads other than thoses shown in the table but this shall be noted in the report.

7.4 Method B (linearly increasing load condition)

Use the line-contact tip, Type 2, as specified in 5.2.

In order to quantitatively determine the scratch visibility, it is recommended that one of the combinaLions
of linearly ifcreasing loads and test speeds specified in Table 2 is used over a scratch length-0£100[ mm.
Itis permisdible to use scratch lengths other than 100 mm but this shall be noted in the report. However,
the scratch length shall be at least 50 mm long.

Although the linearly increasing loads stated in this standard are 1-10N, 1-20N, 1-30N, 1-40N, and 1150N,
it is permisgible to use loads other than those shown in Table 2 but this shall be fioted in the reporf.

Table 1 — Type of constant load used and test conditions

Type of load Testload Test speed
constant load 10N, 20N, 30N, 40N, 50N 1 mm/s, 10 mm/s, 100 mm/p

Table 2 — Type of linearly increasing loaduised and test conditions

Method Testload Test speed
linearly i]llcreasing load 1-10N, 1-20N, 1-30N,,1-40N, 1-50N 1 mm/s, 10 mm/s, 100 mm/s

7.5 Scratgh testing

7.5.1 Single-damage test

7.5.1.1 Sepurely mount a cleanspecimen on the specimen stage with lockable clamps.
7.5.1.2 Remove any dustand contaminant from the specimen surface.

7.5.1.3 Chleck that the/Scratch tip is not contaminated or damaged.

7.5.1.4 Ddfine the start and end position of scratch path.

7.5.1.5 Setup the appropriate test method (A or B) and the necessary parameters (e.g. test speed and
test load).

7.5.1.6 Apply pre-load of less than 1 N to the start position of the specimen surface.
7.5.1.7 Start the scratch process.

7.5.1.8 Record the normal load, tangential load, depth of scratch tip, and scratch length.
7.5.2 Multiple-damage test

7.5.2.1 Follow 7.5.1, using constant loads only, except for the following steps.

6 © ISO 2014 - All rights reserved
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7.5.2.2 Make a set of scratches with a total of 15 lines at intervals of 2 mm.
7.5.2.3 Remove the specimen, rotate it 90°, and securely remount it.

7.5.2.4 Make additionally a set of scratches with 15 lines at intervals of 2 mm oriented 90° from the
original set of scratches.

8 Interpretation of result

8.1 [General

The types of surface damage measured in this International Standard include single{damage in which
a scifatch is generated in one direction under a constant or a linearly increasing-load, and multiple-
damage in which two sets of scratches, superimposed in a normal (90°) orientation, are gengrated under
a corlstant load (see Figure 3).

8.2 | Scratch strength and scratch resistance

Durihg the scratch test, there exist two orthogonal vectors, the applied normal force and the resulting
tangential force on a scratched surface. The scratch force, scratelstrength, and scratch resistance are
calcylated using Formula (1) to Formula (3):

K =F +F (M
i, =F/A (2)
R =F/I (3)
where

A is the contact area of arearcontact scratch tip;

] isthelength of line-contact scratch tip.

8.3 | Single-damage’ (SD)

8.3.1 Digitalimage processing

A digitized image of the scratch-induced damage can be obtained using a flatbed scamner, with a
resol|ution of 600 x 600 dpi or higher and 24-bit colour mode for the quantification of scratch damages.
For cotourcattbratifonof fia NINET, a Spectropnotometer sha used wi tbration chart and
software, and then the new scanner profile obtained shall be assigned to a scanning software prior to
scanning.

The resulting digital image is analysed using a colour analysis software, capable of determining colour
coordinates using three-dimensional colour space (e.g. HSI model).

Colour analysis software is used to quantify the scratch damage. In order to increase the reliability of
experimental data and to exclude the unusual data on the edge region, a 3-tuple of colour coordinates
within a 90 % region of a scratch width may be represented (see Figure 3).

Representative colour coordinates for each column of pixels along the scratch path are calculated as
averages of the corresponding pixel values in that column. Overall average and standard deviation

© ISO 2014 - All rights reserved 7
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for each colour coordinate are calculated using all the average column values for all the tests after
performing five scratch tests on a sample (see Figure 4).

8.3.2 Degree of scratch damage

Each pixel of the digitized image can be expressed as three colour coordinates using image analysis
tools. For example, it is expressed in the case HSI colour model by Hue, Saturation, and Intensity values.

The changes of colour components in the colour spaces correspond to the changes of scratch damages.
Thus, the degree of scratch damage is calculated from Formula (4):

AD(x, y)=[x-y| = \/Z?zl(xi -71)* (n=3)

where

AD is the Euclidean distance between the colour coordinates;

X

y

8.3.3 Det{

The scratch
term “scratq

SDI =[A

8.3.4 Detq

The onset o
term “scrat
transition p

SVI=[1,

8.4 Multiple-damage.(MD)

8.4.1 Mea

The severit

is the colour coordinate of the scratched surface;

is the colour coordinate of the unscratched surface.

ermination of scratch damage index

bd surface damages under a constant normal load-can be quantified and expressed b
h damage index (SDI)":

D,S s (orRy)]

ermination of scratch visibility index

[ scratch visibility under an increasing normal load can be quantified and expressed b
h visibility index (SVI)”. Theronset of scratch visibility is derived from the second c
pint (see B.3):

Sc'Rs:|

surement condition

y cof 'scratch damage can be directly expressed, in the case of L*a*b* colour modg

(4)

y the

(5)

y the
blour

(6)

1, by

the percent

difference in luminance (I }between the scratched and unscratched zones us

.............. CCTTOTIITD

ng a

spectrophotometer. For scratch evaluation, in general, the Lyorm value is simply employed instead of
the difference in colour (AE). The colour analysis using a spectrocolourimeter shall be performed under
preferred standard conditions, such as D65 standard illuminant, and specular component excluded

(SCE) mode

for reasonable measurement.

© ISO 2014 - All rights reserved
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The percent difference in luminance for evaluating scratch damages is defined as:

Lg—L
Lnorm = % x 100 (%)

wher

u

e

Ls isthe luminance value of the scratched surface;

,u

isthe luminance value of the nnscratched surface

8.4.3

Determination of scratch damage index

In cajse of multiple-damage, the SDI is expressed as follows:

SpI= I:Lnorm 'SS (Or RS ):|

—> Scratch direction

Constant load top view

Image analysis area

-3 Scratch direction

---

top view

a) Single-damage
Resolution higherthan 600 x 600 dpi -

24-bit colouirmode -

aflnfilninfnficsfln -:‘I.l. -
AN N NN
aflnfilninfnficsfln l|l‘l| -

b) Multiple-damage

D65 standard illuminant

Specular Component Excluded (

Figure 3 — Two different scratch damages proposed

SCE)
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J=1 = J=3 == J=n
11 ct.nf

Scratch direction B ?

(m.n)),

[(%"./m\ (%Q. /m\ { N 1 /m“ [{%‘n.’" hn\ (%( / N
= J\& IS /] \& JAY=0 ; EZH ;]

Figure 4 — Schematic diagram showing how to calculate the colour coordinate
values using image analysis software

9 Testreport

The test replort shall include the following information:

a) areference to this International Standard, i.e. [SO 17541;
b) the typ¢, geometry, thickness, and width of test specimens;
c) the method used to prepare the test specimens;

d) the starjdard atmosphere used for conditioning andtesting and the temperature measured d{iring
the test

e) the test|load and the speed chosen;
f) the typ¢ and size of the scratch tip used;
g) scratch|damage mode (single-damadge ‘or multiple-damage);

h) the scrgtch damage index: [AD, 'S¢ (or Rs)] or [Lnorm, Ss (or Rg)], or the scratch visibility index: [[c, Sc,
Rs]}

i) the test|result of each sp€cimen, as specified for instance in the following way.

10 © ISO 2014 - All rights reserved
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<Single-damage test result>

Method A ISO/30/100/SD/RGB/[92, 40]

Test load (N)

Test speed (mm/s)

Damage mode

Color model

SDI

Vlethod B ISO/1-30/100/SD/HSI/[54.3, 50.4, 16.2]

Test load (N)

Test speed (mm/s)

Damage mode

Color model

SVI

<Multiple-damage test result>

ethod A ISO/30/16.7/C/L*a*b*/[3.4, 12.8]

Tes{ load (N)

Tes{ speed (mmis)

Damage mode

Colarmodel

SDI

© ISO 2014 - All rights reserved 11
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Annex A
(informative)

3-D colour model

A.1 General description

Three-dimepsional (3-D) colour model can be used to quantify both the observed scratch damages and

to additionall light absorption and reflection on the scratched surface; therefore, the severity of s
damage can

along the sd
means of th
implementa
thus limited
processing g
the HSI mod
(D). The hue
polluted wit

scratch visibility. A change in scratch damage is accompanied by the variation of colour perceivett due

HSI are assymed to be in the range of [0-255].

12

H S |
White (255, 0, 255)
@

Red
(0, 255, 255}

be captured by colour coordinates of 3-D colour models (i.e. a 3-tuple of HSt compon|
ratch path. As a result, scratch damage and scratch visibility can be exactly quantifi¢d by
e corresponding colour values. The most common colour space generally uses the 24-bit
Lion, with 256 discrete (8 bits) values of colour per channel. Any 24/bit-based colour space is
to a gamut of 256 x 256 x 256. The HSI colour model is an attractiveécolour model for image
pplications since it represents colours similarly to how the human eyes perceive coloufs. In
el, each colour is represented by three components of hue (1), saturation (S), and intepsity
component describes the colour itself, the saturation pdprtsignals how much the coldur is
h white colour, and the intensity value illustrates the brightness of the colour. The valyes of

face
nts)

u

Black (255, 0, 0)

Figure A.1 — Schematic diagram of HSI colour model and its colour coordinates

© ISO 2014 - All rights reserved
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Annex B
(informative)

Example for quantitative determination of scratch damageand

B.1
Ap

(EOR

345

Scraf
condjfitions involved a constant normal load of 30 N at a constant scratch velocity of 1 1
scrat

Two
(radius of 0,05 mm) that can produce an area-contact with<4he’polymer surfaces (see Fi;
othef is a cylinder shape with a diameter of 1 mm and a length of 1 mm, for which a line-contact can be

gene

Scan|
flatb
dam

A Gr
new

A commercial surface analysis softwatre, QWin, using HSI colour model, was also used to
scrat

B.2

Figu
cons
a ling

scratch visibility

Testing condition

dlypropylene (PP) composite, containing 15 wt% of talc, 25 wt% of ethylene-oc

) and ~1 wt% of carbon black pigment, was prepared. The specimens thaving di
mm x 150 mm x 3 mm were injection-moulded.

ch tests were carried out at room temperature using a commercialscratch machine,
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Figure B.1 — Optically scanned images of scratch-induced polypropylene (PP) composite
surfaces with different test conditions: (a) no scratch damage zone (control), (b) 30 N with an

area-contact tip, and (c) 30 N with a line-contact tip
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