INTERNATIONAL ISO
STANDARD 23337

Second edition
2016-11-01

Rubber, vulcanized or
thermoplastic — Determination
of abrasion resistanee-using the
Improved Lambourn test machine

Caoutchouc vulcanisé ou thermoplastique — Détermination de

la résistance a I'abrasiona Faide d’'une machine de Lamburn
perfectionnée

Reference number

— TR — 1SO 23337:2016(E)

ISO

N\
= © IS0 2016


https://standardsiso.com/api/?name=e90b0ea5dc54b31d77e7ddfee08fb4e1

IS0 23337:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=e90b0ea5dc54b31d77e7ddfee08fb4e1

IS0 23337:2016(E)

Contents Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv
IIEIOAUCTION. ......ooooo etk 881888558 v
1
2
3
4 Principle
5 APPATARUS ... s ,\Q) .......................... 3
5.1  Abrasion teSt MacChine ... O YT 3
5.2 BalaNCO....oc q/ ..................................... 4
6 CaliDIration ...
7 TESE PUECES ... e
7.1 Type and preparation
7.2 INUIND T ..o
7.3 Time interval between vulcanization and testing
8 TeSt CONAILIONS ...
9 ProCedure. ...
9.1 Preliminary wear ...
9.2 Abrasion test....
9.3 Density ...
10 Expression of results...........occs
11 Precision ...
12 Testreport.......d
Annex A (informative) PreCiSIOMN ... h e
Anne¢x B (normative) Calibratio@{chedule ............................................................................................................................................... 10
Bibliography ... C)Q ............................................................................................................................................................................ 12
N
© 1S0 2016 - All rights reserved iii


https://standardsiso.com/api/?name=e90b0ea5dc54b31d77e7ddfee08fb4e1

ISO 23337

:2016(E)

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

Various types of laboratory test equipment for determining the wear resistance of rubber compounds
have been developed, depending on the products to which rubber compounds have been applied in the
past. One such piece of equipment, called the “Improved Lambourn” abrasion test machine, is briefly
introduced with other types in ISO 23794[2] and the test method for using it is described in detail in
this document.

The main features of the Improved Lambourn machine are as follows:

a)

eparately. A servo-mechanism is used for driving both the abrasive wheel and the

nsure accurate speed control. In older types of equipment, both the abrasive wheel

iece were driven by the same drive system, with the speeds of rotation controlle
gystems, which could result in an inaccurately controlled slip rate.

are driven
est piece to
nd the test
by braking

b) A controlled feed of carborundum grit to the nip between the rubber test piece and the abrasive
yheel ensures that abraded particles are prevented from adhering tosthe surface of the test piece

A pr
at hi
natu
was
a ble
be fo

r abrasive wheel, which is important in obtaining reproducible testiesults.

reversed. This is interesting since the tread compound-in truck and bus tyres generall

und in Reference [3].

bvious wear study for rubber compounds using the Improved>Lambourn machine showed that,
bher slip rates, wear resistance decreased in the order: butadiene rubber (BR) basqg compound,
Fal rubber (NR) base, styrene-butadiene rubber (SBR) hase. However, at low slip rates, the order

7 uses NR or

nd of NR and BR base compound, while SBR base compound is used in car tyres. Mor¢ details can
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Rubber, vulcanized or thermoplastic — Determination of
abrasion resistance using the Improved Lambourn test
machine

WARNING 1 — Persons using this document should be familiar with normal laboratory practice.
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ent does not purport to address all of the safety problems, if any, associa
re compliance with any national regulatory conditions.

NING 2 — Certain procedures specified in this document might involve the use or
bstances, or the generation of waste, that could constitute a local environmen
rence should be made to appropriate documentation on safe handling’and dispos

bcope

document specifies a method for the determination of the resistance of rubber to ab
mproved Lambourn test machine.

hbrasion loss resulting from the slip caused by the difference in circumferential spee
shaped rubber test piece and an abrasive wheel, which are driven to rotate indeper
circumferences pressed against each other by ayspecified load, is determined. Th{
pe reported as a volume loss per abrasion test<time or running distance, and/or as
tance index compared to a reference compouiid.

e Improved Lambourn test machine is capable of setting various abrasive conditions

ge of rubber products, especially tytes, under a wide range of severity conditions. Ar
bsting of tyre tread rubber is givenyin Annex A.

Normative references

following documents are referred to in the text in such a way that some or all of t
fitutes requirement® of this document. For dated references, only the edition cited
ted references,thie latest edition of the referenced document (including any amendme

25, Bonded-abrasive products — General requirements

781, Rubber, vulcanized or thermoplastic — Determination of density

B486-1, Bonded abrasives — Determination and designation of grain size distributio
adeitc L4 +0 L2720

ted with its
aetices and to

generation
tal hazard.
h]l after use.

rasion using

] between a
dently with
b test result
an abrasion

such as slip

sliding speed and load, independently,‘this method is suitable for the evaluation of cofnpounds for

1 example of

heir content
applies. For
hts) applies.

n — Part 1:

Macr

OyTits T 1T eUTZZU

[SO 18899:2013, Rubber — Guide to the calibration of test equipment

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test methods

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

|
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ISO Online browsing platform: available at http://www.iso.org/obp

loss of material from a surface due to frictional forces

[SOURCE: IS
3.2

0 23794:2015, 3.1]

abrasion resistance
resistance to wear resulting from mechanical action upon a surface

Note 1 to ent
[SOURCE: IS

3.3
abrasion rd
ratio of the
the same sp

[SOURCE: I§

3.4

slip rate
ratio of the
wheel to thd

3.5

running dis
total distan
outer diame

3.6
reference |
compound

4 Princi

Wear occur
rubber test

The test pie
a specified |

'y: Abrasion resistance is expressed by the abrasion resistance index.

0 23794:2015, 3.2]

sistance index
oss in volume of a standard rubber to the loss in volume of a test rubber measured y
ecified conditions and expressed as a percentage

0 23794:2015, 3.3]

difference between the circumferential speed of the)test piece and that of the abr
circumferential speed of the test piece, expressed as\a percentage

tance
Ce travelled by a point on the circumference of the test piece, determined from the i
ter of the test piece, its speed of rotatien and the abrasion time

ompound
hose abrasion resistance is to be compared with that of the test rubber

ple

5 due to the slip caused by the difference in circumferential speed between a disc-sh|
piece and an abrasive wheel rotating against each other for a specified length of time.

Ce and the abrasive wheel, aligned with their circumferences pressed against each oth
pad and\with their axes of rotation parallel, are driven independently (see Figure 1).

Grit is fed i

to’the nip between the test piece and the abrasive wheel to prevent smearing of thg

nder

hsion

hitial

aped

er by

test

piece and thie abrasive wheel surface.

The loss in mass of the test piece is determined and the loss in volume per unit abrasion time or running
distance is calculated from the density of the test material. The abrasion resistance index, if required,
is determined by comparing this loss in volume with the loss in volume of a reference compound tested
under the same conditions.

© ISO 2016 - All rights reserved


http://www.iso.org/obp
https://standardsiso.com/api/?name=e90b0ea5dc54b31d77e7ddfee08fb4e1

IS0 23337:2016(E)

a) Top view
10

2 1
e 6

b) Front view

Key

1  drive motor for abrasive wheel 6 testpiece

2 dbrasive wheel 7  mechanism for exerting load on test pigce
3 st chamber 8  torque meter

4 st piece mounting 9  drive motor for test piece

5 st piece guide 10 grit-dropping mechanism

a  Test piece presSedragainst abrasive wheel.

The tprque meter fitted to the test piece drive shaft detects any abnormal conditions from torque changes during the
test. [t shall bé.capable of measuring torques ranging from 0 N-m to 49 N-m to the nearest 0,01 N-m.

Figure 1 — Schematic illustration of apparatus

5 Apparatus

5.1 Abrasion test machine

The test machine (see Figure 1) shall consist of a test piece mounting, an abrasive wheel, a drive
mechanism to rotate the test piece and the abrasive wheel at different speeds, a loading mechanism
to press the test piece against the abrasive wheel at the specified load, a grit-dropping mechanism to
prevent smearing of the test piece and the abrasive wheel surface, and a test chamber to prevent grit
from spreading and to ensure safety during the test.

© IS0 2016 - All rights reserved 3
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The mounting of the test piece shall be designed so that the test piece does not slip on the rotating shaft
when torque is applied, in order that the rotational speed of the shaft is accurately transmitted to the
test piece. A pair of disc-shaped test piece guides 4 mm thick and 43 mm or 58,5 mm in diameter shall
be fitted each side of the test piece to hold it in place.

The mounting of the abrasive wheel shall be designed so that the abrasive wheel does not slip on the
rotating shaft when torque is applied, in order that the rotational speed of the shaft is accurately
transmitted to the abrasive wheel. The specifications of the abrasive wheel shall be in accordance
with ISO 525: abrasive C (silicon carbide), grit size 80 (equivalent to the designation F80 specified
in ISO 8486-1), hardness grade K, nature of bond V (vitrified bond) and maximum operating speed
<16 m/s (less than 16 m/s). The diameter of the abrasive wheel shall be 175 mm, 205 mm or 305 mm,

with a thick

Permissible
wheel are gi

Table 1

ness or ZU mm to oU mm.

combinations of the dimensions of the test piece, the test piece guide and th€\abr
ven in Table 1.

— Permissible combinations of dimensions of the test piece, the teStpiece guidg
and the abrasive wheel

Dimensions in millimn

hsive

letres

Combinat

Abrasive wheel

on

Test piece

Test piece guide

Diameter

Thickness

Diameter

Thickness

Diameter

Thickng

A

49,0

5,0

43,0

4,0

175,0

20to §

B

63,5

50

58,5

4,0

205,0

20 to §

C

49,0

50

43,0

4,0

305,0

20 to §

The drive npechanism shall have two motors, one for the‘test piece and one for the abrasive W

so as to co
independen

A loading m|
load in the r

A mechanis
the abrasivd
grit used sh
ISO 8486-1.

5.2 Balajy

The balancd
to +1 mg.

htrol their circumferential speeds, which:shall be between 10 m/min and 200 m
[ly.

echanism shall be fitted to press the test piece against the abrasive wheel at the speg
ange 5 N to 80 N during the test(régardless of the combination of dimensions used.

m shall be fitted to drop gritiat the specified rate into the gap between the test piecq
wheel. The drop rate shall be adjusted to be in the range 10 g/min to 30 g/min. The tyj|

\CE

shall be of'sufficient accuracy to enable the loss in mass of the test piece to be detern

heel,
min,

ified

e and
pe of

hll be silicon carbide corrésponding to a designation between F80 and F100 as specified in

1ined

6 Calibr

fion

The test apparatus shall be calibrated in accordance with the schedule given in Annex B.

7 Test pieces

7.1 Type

and preparation

The test pieces shall be disc-shaped, of diameter 49 mm or 63,5 mm and of thickness 5 mm. The test
pieces shall be prepared by moulding or by cutting from test sheets or products using a rotary cutter.

The surface

of the test pieces which is to be abraded shall be smooth.

© ISO 2016 - All rights reserved
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7.2 Number

A minimum of two test pieces shall be tested.

7.3 Time interval between vulcanization and testing

Unless otherwise specified for technical reasons, the following requirements shall be observed in
accordance with ISO 23529.

— For all normal test purposes, the minimum time between vulcanization and testing shall be 16 h. In
cases of arbitration, the minimum time shall be 72 h.

— For non-product tests, the maximum time between vulcanization and testing shall‘bg four weeks
nd, for evaluations intended to be comparable, the tests, as far as possible, shall be carrjied out after
he same time interval.

— For product tests, whenever possible, the time between vulcanization and testing shalll not exceed
hree months. In other cases, tests shall be made within two months from the date of r¢ceipt by the
urchaser of the product.

8 Test conditions

The test conditions specified in Table 2 shall be employed.

Table 2 — Standard test conditions

Parameter Standard value Range
Temberature Standard laboratory temperature (refer .
to ISO 23529)
Circimferential speed of test piece 50 m/min 10 m/min to 200 m/min
Slip rate 30 % 5 % to 80 %
Load 40N 5Nto$0N
Grit-dropping rate 20 g/min 10 g/min to[30 g/min

NOTE 1 Duringa testrun, theresay'be a considerable increase in temperature at the abrading interface, wihich may lead
to a tpmperature rise within the test piece. For the purposes of this document, such a temperature rise can b¢ disregarded.

NOTE 2 Theslip rate S, in pereent, is defined as follows:
d-D
d

S =

x 100

wherfe
D is the circumferential speed of the abrasion wheel, in m/min;

d is the circumferential speed of the test piece, in m/min.

To determine the abrasion resistance index, the same conditions shall be used with the test pieces of
the reference compound.

The abrasion test time shall be such that the abraded volume is 0,1 cm3 to 0,2 cm3, this time being
determined as follows.

a) Using one of the test pieces, conduct an abrasion test (see 9.2) beforehand for several ten-second
intervals under the standard test conditions (see Table 2).

b) From the time and the loss in volume of the test piece, calculate the abrasion test time which will
give an abrasion volume of 0,1 cm3 to 0,2 cm3.

© IS0 2016 - All rights reserved 5
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9 Procedure

9.1 Preliminary wear

Carry out preliminary abrasion of the test piece for 10 s to 20 s under the standard test conditions (see

Table 2).

9.2 Abrasion test

e abrasion test as follows.

Carry out th
a) Weight
b) Afterw
c¢) Conduc

time cal
d) Oncom

Before rewg
test piece. S
before weig

9.3 Dens

Determine

10 Expre;
The results

From the loj§
time V (exp
mm3/km) fy

and (2):

V =—
P
V/

P

where

ressed in mm3/min) and the loss in volume per unit running distance V' (express

he test piece to the nearest 1 mg after the preliminary-wear run.
bighing, mount the test piece on its rotating shaft in the abrasion test machine.

[ the abrasion test under the specified test conditions (see Clause 8) for thé abrasior]
culated at the end of Clause 8.

pletion of the test, weigh the test piece again to the nearest 1 mg.

ighing the test piece, remove any abrasion dust and grit smeared over the surface d
ometimes, it may also be necessary to pull off a small edge hanging from the test
hing.

ity
he density of the test material in accordance with.1SO 2781.

5sion of results
may be expressed either as a loss in ¥olume or as the abrasion resistance index.

s in mass and the density of the test material, calculate the loss in volume per unit abr

om the average of the results obtained from the individual test pieces, using Formulg

L

~

test

f the
biece

hsion
bd in

e (1)

€y

(2)

%4
v
m
p
t

l

is the loss in volume per unit abrasion time, in mm3/min;

is the loss in volume per unit running distance, in mm3/km;
is the average loss in mass of the two test pieces, in mg;

is the density of the test material, in g/cm3;

is the abrasion test time, in min;

is the running distance, in km.

© ISO 2016 - All rights reserved
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Calculate the abrasion resistance index using Formula (3):

!/
I:Kx100:V—><100
T T'

where

I isthe abrasion resistance index, in percent;

(3

V' is the loss in volume per unit abrasion time for the reference compound, in mm3/min;

1s the loss In volume per unit abrasion time for the test piece, iIn mm3/min;
V' istheloss in volume per unit running distance for the reference compound, ifi)mm

T' istheloss in volume per unit running distance for the test piece, in mm3/km.

11 Precision

See Annex A.

12 Test report

The test report shall include the following information:

a)

b)

d)

gample details:

1) afull description of the sample and its ofigin,

2) details of the compound and its condition of cure, if known,

3) the time interval between vuleanization and testing,

4) the method used to prepare.the test pieces (e.g. whether cut or moulded);
flest method used, with areference to this document, i.e. ISO 23337;

tlest details:

1) the test temp€rature used,

2) the cireumferential speed of the test piece, the slip rate, the load applied, the grit-d
usedd@nd the abrasion time,

3) _details of any procedures not specified in this document;

flact raculic:

/km;

"opping rate

eSSt Treostreos

1) the number of test pieces tested,

2) the abrasion rate per unit time, the abrasion rate per unit running distance and
abrasion resistance index,

3) the density of the test compound and that of the reference compound (if used);

date of test.

© ISO 2016 - All rights reserved
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Annex A
(informative)

Precision

A.1 General

Precision cdlculations to express the repeatability and reproducibility were performed in aceordance
with ISO/TR 9272 [1]. Outliers in the original data were dealt with at the 5 % and 2 % signifieance levels
in accordang¢e with the procedures described in [SO/TR 9272.

A.2 Precision details

A.2.1 An interlaboratory test programme (ITP) was organized by Japan<nvZ004. Two compolinds,
designated E1 (SBR) and A (NR), were used for the abrasion tests.

A total of sik laboratories participated in the ITP. Fully prepared rubber test pieces were sent to|each
laboratory fpr the testing in the ITP, thus giving a type 1 precisions

A.2.2 Thetwo sets of test conditions given in Table A.1 weredised. Set of conditions 1 corresponds to
high severity and set 2 to low severity.

Table A.1 — Testconditions

Set of Set of
conditions 1 conditions 2
Circumferential speed of testpiece 50 m/min 50 m/min
Slip rate 30 % 15 %
Load 40N 40N
Grit-dropping rdte 20 g/min 20 g/min
Abrasion test\time 3 min 13 min

A.3 Test results

The test rejsults;-calculated as the abrasion resistance index with compound A as the referfence
compound, [arésshown in Figure A.1. Under high-severity conditions (slip rate 30 %), these| two
compounds|have equivalent abrasion resistance. Under low-severity conditions (slip rate 13 %),
compound E1 (SBR) shows better abrasion resistance than compound A (NR).

The rankings are similar to those found in road trials.

8 © IS0 2016 - All rights reserved
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Y A Y}
180 180
140 140
120 120
100 100 A
36 20 £ E1
100 60 100
60
40 40
20 20
0 0
a) Slip rate 30 % b) Slip rate 15 %
Key
Y dbrasion resistance index (%)
Figure A.1 — Test results
A.4 | Precision results
The tesults calculated for the precision are given in Table A.2.
The symbols used in the table are defined as follows:
r = repeatability, in meaSurement units;
(n = repeatability, in.pefrcent (relative);
R = reproducibility, in measurement units;
(R) = reproducibility, in percent (relative).
Table A.2 — Precision data
Abrasion resistance Mean val Within-laboratory Interlaboratory
index €an vatue repeatability reproducibility |
% (N=6x2=12) | @) R (®)
Set of conditions 1 95,7 99 10,4 20,6 21,6
Set of conditions 2 153,3 17,1 11,2 40,8 26,6
NOTE The Improved Lambourn abrasion tester gives almost the same precision as the rotating cylindrical
drum (DIN) tester.
© IS0 2016 - All rights reserved 9
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Annex B
(normative)

Calibration schedule

B.1 Inspection

Before any (
inspection
ismadeint

It shall be
parameters

alibration is undertaken, the condition of the items to be calibrated shall be ascertain
nd recorded on any calibration report or certificate. It shall be reported whethercalibr
e “as-received” condition or after rectification of any abnormality or fault.

hscertained that the apparatus is generally fit for the intended purpose, including
specified as approximate and for which the apparatus does not therefore need {

formally caliibrated. If such parameters are liable to change, then the need for,periodic checks sh{

written into

B.2 Sche

Verification
calibration
laboratory

The calibrat
in the test

requiremen
necessary f(

For each p
publication
or detailed ¢

The verifica

The code let]

the detailed calibration procedures.

dule

calibration of the test apparatus is a normative part.of this document. The frequen|
hnd the procedures used are, unless otherwise stated, at the discretion of the indiv
sing ISO 18899 for guidance.

ion schedule given in Table B.1 has been compiled by listing all of the parameters spec
method for the apparatus, together with“the specified requirement. A parameter
[ can relate to the main test apparatus; part of that apparatus or to an ancillary appa
r the test.

hrameter, a calibration procedure is indicated by reference to ISO 18899, to an
br to a procedure particular to the test method which is detailed (whenever a more sp
alibration procedure than<in1S0O 18899 is available, it shall be used in preference).

tion frequency for each parameter is given by a code letter.

ters used in the galibration schedule are:

uirement to'be confirmed but no measurement;
ial verification only;

hdard interval as advised in ISO 18899;

ed by
htion

any
o be
111 be

cy of
idual

ified
and
atus

bther
beific

— C  Red
— N Ini]
— S Sta
— U

10

In use.
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