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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.
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Introduction

The reciprocating test specimen method is an abrasive wear test, based on frictional force generated at
the contact surface between test specimen and abrasive material. Frictional force is applied repeatedly
over the wear surface, by an abrasive material under load being applied to it in a perpendicular direction
and horizontal reciprocating motion of test specimen. In this test method, abrasive wear resistance
is usually evaluated by measuring wear mass per unit number of reciprocations or by specific wear
rate, which is wear mass per unit load and unit sliding distance. Specific wear rate is one parameter for
evaluating wear resistance in the field of tribology.

Whep-—e€ RE FE—Ae3 A - aa - _
the dhanges in grinding force of the abrasive material due to clogging. In this test method,

matgrial is attached to the circumference of a wheel. The wheel itself is rotated by(a,sm

each

aften

test

the gdbrasive material is placed into contact from underneath the test specimen, and wear

debr

gring

num

pber of reciprocations is consistent. As a result, specific wear rate irrespective of slid

can e obtained.
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an abrasive
hll angle for

reciprocating motion (the wheel does not rotate during the reciprocating metion]. Therefore,
each reciprocating motion, unused section of the abrasive material comés-in contact with the
specimen. Also, the test specimen is installed with the surface to be tested facing down, where

particles or

s are not likely to collect in the wear surface. Due to the above factors, the influence df changes in
ling force of abrasive material due to clogging on test results is reduced, and wear mass per unit

ng distance
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Plastics — Determination of abrasive wear by
reciprocating linear sliding motion

1 Scope

This document specifies a test method for the determination of abrasive wear resistance of plastics using
abragiveTimatertat o a Teciprocating motior. itatso specifies tatcutation metiod for specifitjwear rate.

2 Normative references

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

ISO 491, Plastics — Standard atmospheres for conditioning and testing

ISO §0000-1:2009, Quantities and units — Part 1: General

3 Terms and definitions

For the purposes of this document, the following ternis'and definitions apply.
ISO gnd [EC maintain terminological databases-fot use in standardization at the following dddresses:
— ISO Online browsing platform: available@t https://www.iso.org/obp

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

3.1
abralsive wear
progressive loss of material from the abrading surface of a plastics material resulting fron the cutting
or scratching action of the-abrasive contact

3.2
load
w
forcd applied te the specimen

Note [l to entiy: Expressed in units of N.

3.3
wear resistance

R

resistance to wear, which is expressed as wear mass per reciprocation in this test method

Note 1 to entry: Expressed in the unit of “mg / reciprocation” [see 8.2, Formula (1)].
Note 2 to entry: This mass is actually force measured in a scale.

3.4

specific wear rate

wS

wear mass per unit sliding distance and unit load

Note 1 to entry: Expressed in the unit of “mg / Nem” [see 8.3, Formula (3)].

© IS0 2020 - All rights reserved 1
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Note 2 to entry: This mass is actually force measured in a scale.

4 Principle

A test specimen is installed horizontally onto a specimen stage so that the test surface faces down, and
the test surface is abraded from below. The test specimen is fixed in place by being pressed against the
specimen stage from above with a specimen holder, in order to maintain the horizontal position on the
specimen stage.

A section of an abrasive material in strip form, which is attached to the circumference of the wheel

by avoiding

anvy m/prlqpc or gaps_comes in contact with the installed test specimen from undern

ath.

A load is ap
specimen sf
direction w
specimen af
reciprocatin
wear surfad
reciprocatig

At the comp
an unused §
reciprocatin
so that the §

Figure 1 de
and after th

NOTE 1
minimize the

NOTE2 A
wear in this t

The method of installing test specimen with its test surface facing down is developed in org

plied onto the abrasive contact from below in perpendicular upward direction. Wit
age, along with the test specimen, going through reciprocating motions in horiz
th a specified stroke length, frictional force in the horizontal direction between the
d the abrasive material is generated. The reciprocating motions are repeated-at a speg
g frequency (reciprocation / min), and the frictional force is applied repedtedly to the
e, and the wear of the test specimen continues to progress with the increased numh
ns.

letion of each reciprocating motion of the test specimen, the wheel rotates 0,9° to ex

g motions. When the wheel finishes making a full rotationythe abrasive material is rep
ame section of the abrasive material is never reused again.

scribes this principle. The mass of test specimen is<measured after preliminary abr
b main test. The wear mass is calculated from the-difference in the measured values.

amount of wear debris collected on the wear sufface of the test specimen.

wheel is used in order to present unused ‘section of abrasive material as contact surface. Aby
est method is due to sliding friction and not due to rolling friction.

h the
bntal

test
ified
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ection of the abrasive material to contact the specimen. The wheel does not rotate during
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Figure 1 — Principle ofreciprocating test specimen method

A\pparatus

Test apparatus

est apparatus shall'eonsist of specimen stage, specimen holder, test specimen setting g

loading system, and-a linear reciprocating motion system.

The {
allo

The

pecimen stage shall enable test specimen to be installed horizontally, and shall have a
 abrasive material to come in contact with test specimen from underneath.

specimen holder shall be capable of maintaining the horizontal position of test §

spec

uide, wheel,

n opening to

pecimen on

meén stage during reciprocating motion of the specimen stage and test specimen.

The test specimen setting guide shall enable the test specimen to be repositioned in the same location
on the specimen stage.

The wheel shall be made from metals having elastic modulus of at least 60 GPa with diameter of
(50 £ 0,5) mm and width of (12 £+ 0,2) mm. The wheel rotates 0,9° for each reciprocating motion of the
specimen stage and test specimen, and makes a full round of rotation with 400 reciprocating motions.

The maximum load applied to abrasive contact by the loading system is up to 19,6 N and shall be
variable with an accuracy of + 5 %.

The linear reciprocating motion system shall be equipped for the reciprocating motion of specimen stage
and test specimen. Single stroke of reciprocating motion shall be 30 mm in length, and reciprocating
frequency shall be (40 * 2) reciprocations per minute.

© ISO
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t apparatus is indicated in Annex B.

Aluminium alloy is typically used as material for the wheel.

frequency is used upon the agreement between the parties involved.

5.2 Abrasive material

Reciprocating frequency is such that the heat generation does not affect the test result, and other

Silicon carbide abrasive paper as specified in ISO 6344-1 is recommended as abrasive material. It shall
be in strip form w1th a w1dth of (12 00, 2) mm. The length shall be such SO that the wheel is covered

without an

to attach abrasive materlal to wheel or abrasive materlal Wlth adhesive tape backing. Other typ

abrasive ma

5.3 Balaj

Use balance

6 Test specimens

6.1 Test:s

Test specim|
reciprocatin
specified in
specimens d

Number of s

6.2 Cond

Condition tH
one of the sf

7 Procedures

7.1 Abra:
Select grit s

Recommend
values are 3

\CE

erials can be used under agreement between the interested parties.

with resolution of 0,1 mg.

pecimens

ens shall be flat and typically 50 mm x 50 mm, with at least 50 mm in the directi
g motion. Typical thickness of test specimens isZfrom 1 mm to 5 mm. Test speci
ISO 20753 can also be used. Determine the size of test specimens so that the ma
o not exceed capacity of balances being used;

[pecimens shall be at least 3.

jtioning

e test specimens, abrasive material and adhesive tape for at least 16 h in accordance
andard atmosphere specified'in ISO 291.

sive and load selection
ze of abrasive material and value of load for conducting the tests.

ed grit sizes are P180, P240 and P320 specified in ISO 6344-1, and recommended
9N, 69 N, and 19,6 N.

e tape
es of

bn of
mens
ss of

with

load

7.2 Preparation and installation of the wheel

Attach a strip of abrasive material as recommended in 7.1 by adhesive tape of the same dimensions as
the strip so that the longitudinal direction of the strip is along the circumference of the wheel. Take care
that the ends of the strip do not overlap or leave gaps. After that, install the wheel to the test apparatus.

7.3 Adjustment of loading system

Set load with loading system to the load value as recommended in 7.1.

© IS0 2020 - All rights reserved
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Test atmosphere

The test shall be conducted under the same conditions as was used in the conditioning of the test
specimen (see 6.2).

7.5

Procedure of the preliminary abrasion

7.5.1 Carry out the preliminary abrasion in accordance with the following procedures in order to
reduce the influence of different surface conditions of the test specimens.

7.5.
extel]
test 4

7.5.3

7.5.4
the p

7.5.5
test 4

7.5.6

NOTH
7.6

7.6.1
abrays

7.6.2
onto

7.6.3

7.6.4
(incl

7.6.5
test 4

Set test specimen onto specimen stage so that the contact section of abrasive matej
1d beyond the edges of the test specimen. The test specimen setting guide shall be used-+
pecimen can be repositioned in the same location.

Bring the abrasive material into contact with the test specimen with thelead as adju|

Conduct 50 reciprocations as the preliminary abrasion. Number (of)reciprocations
reliminary abrasion can be changed under agreement between the ibterested parties.

Remove the test specimen from the specimen stage and clean wear debris from the s
pecimen using lint-free cloth or air blower, for example.

Weigh the test specimen to the nearest 0,1 mg using‘a balance (see 5.3).

Take care to avoid errors in mass measurement.caused by static electricity generated dy
Procedure of the main test

Conduct the following steps until the difference between the mass of the specimen after
ion and the mass of the specimen after the main test (i.e. the wear mass) is at least 10 mg

Using the test specimen-setting guide, align the test specimen in the same positior
the test specimen stage(

Bring the abrasive’material into contact with the test specimen, with the load as adjy

Conduct the-abrasive test. After the wheel makes a full rotation with 400 reciprocaf
ding prelitminary abrasion), abrasive material shall be replaced.

Remove the test specimen from the specimen stage, and clean wear debris from the s
pecimen using lint-free cloth or air blower, for example. Weigh the test specimen to the ne

Hal does not
o ensure the

sted in 7.3.

hnd load for

urface of the

ring testing.

preliminary

=

b

and secure

sted in 7.3.

ing motions

urface of the
arest 0,1 mg

using a balance (see 5.3). [f the mass loss is at least 10 mg, end the test. Otherwise, repeat 7.6.2 to 7.6.5.

7.7

Test for the remaining specimens

Conduct the procedures in 7.5 and 7.6 on two or more additional test specimens for the same number of
reciprocations as for the first test specimen.

© ISO
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8 Evaluation of the main test

8.1 Wear mass

Wear resistance and specific wear rate can be obtained by calculating wear mass of each test specimen
from the difference between the mass measurements after preliminary abrasion and after the main

test (see 7.6).

8.2 Wear resistance

tockt craciani Lo taonoe oo cc 1

L Dol (1)
O T~

C 1 1 t Ao pmacictanon of Ao ol 3 H
a Cu a e W LUl T LOolIoldIICLU Ul'CdulIlT tLovu J}I\'\'llll\'ll ITUINIr vt dIl 1I1IIdoo 111

R isthe wear resistance (mg / reciprocation);

M is the wear mass (mg);

N is the number of reciprocations.

NOTE N|does not include the reciprocations generated during the pi€liminary abrasion.

8.3 Specific wear rate

Calculate sliding distance using Formula (2).

L=60x10"3xN

where L is the sliding distance (m).

(M

(2)

Calculate specific wear rate of eachstest specimen from wear mass and sliding distance ysing

Formula (3)

M
S w

=

is the specific'wear rate (mg / Nem);

M is the-wear mass (mg);

(3)

W is theload (N).

9 Precision

See Annex A.

© IS0 2020 - All rights reserved
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10 Test report

The test report shall include the following information.

a)
b)
c)
d)
€)
f)
g)
h)
i)
j)
k)
1)
m)

n)

areference to this document, i.e. ISO 20329:2020;
details necessary to identify and characterize the test specimen;

width of wear area;

ILumber of test specimens;
grit size of abrasive material;
Iad, in newtons;
umber of reciprocations in the preliminary abrasion;
lotal number of reciprocations for main test;

3 or more individual wear mass and their average (accordingte 8.1) rounded to an integ
o ISO 80000-1:2009, Annex B;

3 or more individual wear resistance and their average.faccording to 8.2);

3 or more individual specific wear rate and theiraverage (according to 8.3);
gny deviations from the specified test method;
adny unusual observation during the test;

the date of test.

er according

© IS0 2020 - All rights reserved
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Annex A
(informative)

Precision

A.1 Definitions and information

Al1

and reporte

according td

A1.2 The

— type of
— grid siz
load: 69

number

width o
A.1.3 The

A.1.3.1 R¢d
if they differ
between twi
in the same

A.1.3.2 Re
equivalent i
critical diffe

different eqliipment in different laboratories.

A1.3.3 Th
correct.

[SO 5725-2.

test conditions were the following:

pecimen: multipurpose specimen specified in ISO 20753 (specitnen type A1)
e of abrasive paper: P180 specified in SO 6344-1

) N

of reciprocations in the preliminary abrasion: 200&eciprocations

f wear area: 10 mm

“_n

concept of “r’” and “R” can be seen in Tahles A.1 to A.3.

peatability - Two test results obtainied within one laboratory should be judged not equivj
by more than the r value for that' material. r is the interval representing the critical differ
test results for the same material, obtained by the same operator using the same equip
aboratory.

[ they differ by more than the R value for that material. R is the interval representin
rence between two test results for the same material, obtained by different operators

e judgmrents in A.1.3.1 and A.1.3.2 will have approximately 95 % (0,95) probability of |

Tables A.1 to A.3 are based on a round-robin test involving five laboratories and five-mate
Test specimEns were injection-moulded and distributed by one laboratory. Each laboratory obt3
d three individual test results for each material. The results reported have/been evalyated

rials.
ined

alent
ence
ment

producibility - Twe ‘test results obtained by different laboratories should be judged not

o the
sing

being

A.2 Precision data

In Tables A.1 to A.3, the statistical properties used are:

s, = within-laboratory standard deviation,

sg = between-laboratories standard deviation,

r =95 % repeatability limit = 2,8s,,

R =95 % reproducibility limit = 2,8sp,

ny ,p = number of laboratories

© IS0 2020 - All rights reserved
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Table A.1 — Precision, wear mass (mg)

IS0 20329:2020(E)

400 reciprocations
Material Ny ap Average S, Sp r R
PP 5 16,3 0,6 31 1,7 8,7
PE 5 17,3 0,6 0,6 1,7 1,7
PC 5 21,0 0,4 0,8 1,1 2,2
PS 5 33,8 09 1,2 2,5 3,4
PMMA 5 39,0 0,6 1,9 1,7 53
686reciprocations
Material Nyap Average S, Sp r R
PP 5 24,7 0,6 4,6 1,7 12,9
PE 5 26,6 1,0 1,1 2,8 31
PC 5 31,0 0,5 0,9 1,4 2,5
PS 5 50,1 09 1,7 2,5 4,8
PMMA 5 574 0,8 2,6 2,2 7,3

Table A.2 — Precision, wear resistancé\(mg / reciprocation)

400 teciprocations
Material Nyap Average S Sp r R
PP 5 0,0408 | 00016 | 0,0078 | 0,0045 | 0,0218
PE 5 0,0432 [\0;0014 | 0,0016 | 0,0039 | 0,0045
PC 5 0,052.60| 0,0009 | 0,0019 | 0,0025 | 0,0053
PS 5 0,0845 | 0,0023 | 0,0031 | 0,0064 | 0,0087
PMMA 5 0,0974 | 0,0016 | 0,0047 | 00045 | 0,0132
600 reciprocations
Material NN Average S, Sp r R
PP 5 0,0412 | 0,0011 | 0,0077 | 0,0031 | 0,0216
PE 5 0,0443 | 0,0017 | 0,0018 | 0,0048 | 0,0050
PE 5 0,0517 | 0,0008 | 0,0015 | 0,0022 | 0,0042
PS 5 0,0834 | 0,0015 | 0,0029 | 0,0042 | 0,0081
PMMA 5 0,0956 | 0,0014 | 0,0043 | 0,0039 | 0,0120

© IS0 2020 - All rights reserved
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Table A.3 — Precision, specific wear rate (mg / Nem)

400 reciprocations
Material Nyap Average S, Sp r R
PP 5 0,098 0,004 0,019 0,011 0,053
PE 5 0,104 0,003 0,004 0,008 0,011
PC 5 0,127 0,002 0,005 0,006 0,014
PS 5 0,204 0,006 0,008 0,017 0,022
PMMA 5 0,235 0,004 0,011 0,011 0,031
600 reciprocations
Material ny.p Average S, Sp r R
PP 5 0,100 0,003 0,018 0,008 0,050
PE 5 0,107 0,004 0,004 0,011 0,011
PC 5 0,125 0,002 0,004 0,006 0,011
PS 5 0,202 0,004 0,007 0,011 0,020
PMMA 5 0,231 0,003 0,010 0,008 0,028

© IS0 2020 - All rights reserved
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Annex B
(informative)

Typical test apparatus

A suitable test apparatus for this document has been developed by Suga Test Instruments Co., Ltd.,
Japan. This test apparatus complies with the specifications of this document and has been used in the

round-robin test shown in Annex A. Figure B.1 shows the schematic view of the test appar

The pdjustable loading system of the test apparatus is based on weight and lever-apply
Adjuptment of load is performed by sliding moveable weight (load adjuster) on the'Shaft [of the lever,
ther¢by changing the distance between the effort and the fulcrum on the lever,-Thé wheel

a ste

consjsts of reciprocating motion motor and crank.

dajrus.

i|;g the load.

is rotated by

pper motor, and the linear reciprocating motion system for the specimefi‘stage and test specimen

This|information is given for the convenience of users of this document and does not cpnstitute an
endofrsement by ISO of this test apparatus.

BOwWw N R

10

.._I_-g‘ 1
0

\

9 —_—

- 12

specimen stage 5 weight 9 crank

specimen holder 6 lever 10 plate

wheel 7  fulcrum 11 load adjuster

stepper motor case 8  reciprocating motion motor 12 test specimen setting guide

Figure B.1 — Schematic view of test apparatus
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