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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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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[3] 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) The slip rate is adjustable by virtue of the fact that the abrasive wheel and test piece are driven
separately. A servo-mechanism is used for driving both the abrasive wheel and the test piece to ensure
accurate speed control. In older types of equipment, both the abrasive wheel and the test piece were
drivenrbythesamedrive system, withthespeedsof Totatiomr controtted—by brakimg—systems, which
could fesult in an inaccurately controlled slip rate.

b) A contfolled feed of carborundum grit to the nip between the rubber test piece and, the abrdsive wheel
ensurgs that abraded particles are prevented from adhering to the surface of thecest piece pr abrasive
wheel,|which is important for obtaining reproducible test results.

A previous|wear study for rubber compounds using the Improved Lambourn machine showed that, at higher
slip rates, wear resistance decreased in the order: butadiene rubber (BR) base compound, natyral rubber
(NR) base,[styrene-butadiene rubber (SBR) base. However, at low slip rates, the order was reversed. This is
interesting since the tread compound in truck and bus tyres generally uses’NR or a blend of NR ahd BR base
compound| while SBR base compound is used in car tyres. More detailsycan be found in Referencd [4].

© IS0 2024 - All rights reserved
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Rubber, vulcanized or thermoplastic — Determination of

abrasi

on resistance using the Improved Lambourn test

machine

WARNING 1 — Persons using this document should be familiar with normal laboratory practice. This
document does not purport to address all of the safety problems, 1f any, assoc1ated with its use. It is
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3 Term

s and definitions

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO On

line browsing platform: available at https://www.iso.org/obp
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IEC Electropedia: available at https://www.electropedia.org/

erial from a surface due to frictional forces

[SOURCE: ISO 23794:2023, 3.1]

3.2

abrasion resistance

resistance

to wear resulting from mechanical action on a surface

Note 1 to entry: Abrasion resistance is expressed by the abrasion resistance index.

[SOURCE: ISO 23794:2023, 3.2]

3.3

abrasion resistance index

ratio of the loss in volume of a reference compound to the loss in volume of a test rubber, meas
the same specified conditions and expressed as a percentage

[SOURCE: ISO 23794:2023, 3.3, modified — Note to entry has been omitted; 'standard rubber]
replaced by reference compound.]

3.4

slip rate

ratio of the difference between the circumferential speed of the test piece and that of the abrasic
the circumfferential speed of the test piece, expressed as a percentage

3.5

running dfstance

total distance travelled by a point on the circumferenéé of the test piece, determined from the i
diameter of the test piece, its speed of rotation and the abrasion time

3.6

reference compound

compound|whose abrasion resistance is to beé compared with that of the test rubber

4 Prindgiple

Wear occu
test piece 4

The test p
specified |

Grit is fed
and the ab

e
lad and with their axes of rotation parallel, are driven independently (see Figure 1).

s due to the slip calised by the difference in circumferential speed between a disc-sha
nd an abrasive wheel rotating against each other for a specified length of time.

ce and the‘gbrasive wheel, aligned with their circumferences pressed against each

nto, the'nip between the test piece and the abrasive wheel to prevent smearing of thg
rasive wheel surface.

ired under

" has been

n wheel to

hitial outer

bed rubber

other by a

b test piece

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.

© IS0 2024 - All rights reserved
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b) Frontview

Key

1  drive motor for abrasive wheel 6  testpiece

2 abrasive wheel 7  mechanism for exerting load on test piece
3  test chgmber 8 torque meter

4  test pigce mounting 9  drive motor for test piece

5 testpigce guide 10 grit-dropping mechanism

a

Test pi¢ce pressed against abrasive wheel.

The torque neter fitted to the tést piece drive shaft detects any abnormal conditions from torque changes dufing the test.
It shall be cgpable of measufing torques ranging from 0 N-m to 5 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.

In order that the rotational speed of the shaft is accurately transmitted to the test piece, 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. A

© IS0 2024 - All rights reserved
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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.

In order that the rotational speed of the shaft is accurately transmitted to the abrasive wheel, 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. 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 thickness of 20 mm to 50 mm.

Permissible combinations of the dimensions of the test piece, the test piece guide and the abrasive wheel are
given in Table 1.

Tablle 1 — Permissible combinations of dimensions of the test piece, the test piece glllide
and the abrasive wheel

Dimensions in millimetres

. Test piece Test piece guide Abrasive wheel
Combination
Diameter Thickness Diameter Thickness Diameter Thickness
A 49,0 5,0 or 10,0 43,0 4,0 175,0 0 to 50
B 63,5 5,0 or 10,0 58,5 4,0 205,0 0 to 50
C 49,0 5,0 or 10,0 43,0 4,0 305,0 P0 to 50

To indeperndently control their circumferential speeds, which shall’be’between 10 m/min and 200 m/min,
the drive mpjechanism shall have two motors, one for the test piece.and one for the abrasive wheel

Aloading mechanism shall be fitted to press the test piece against the abrasive wheel at the specified load in
the range N to 80 N during the test, regardless of the contbination of dimensions used.

A mechanism shall be fitted to drop grit at the specified rate into the gap between the test pigce and the
abrasive wheel. The drop rate shall be adjusted to be in the range 10 g/min to 30 g/min. The type pf grit used
shall be siljcon carbide corresponding to a designation between F80 and F100 as specified in ISO|8486-1.

The cleanihg mechanism, such as brushing-or+air jets, may be applied to prevent clogging or smearing the
abrasive wheels.

5.2 Balance

The balande shall be of sufficient’accuracy to enable the loss in mass of the test piece to be determined to
+1 mg.

6 Calibration

The test agparatus 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 or 10 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.

NOTE For samples with low hardness, 10 mm thickness is more appropriate.

© IS0 2024 - All rights reserved
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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.

— Forall 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 be four weeks and, for

evaluations intended to be comparable, the tests, as far as possible, shall be carried out aftgr the same

time i1

— Forpr

8 Testg¢

terval.

duct tests, whenever possible, the time between vulcanization and testing shall'not exceed three
months. In other cases, tests shall be made within two months from the date of recéipt by thg purchaser
of the product.

onditions

The test conditions specified in Table 2 shall be employed.

Table 2 — Standard test conditions

Parameter Standard-yalue Range
Temperatue Standard laboratory temperature (refer to .
[S€:23529)
Circumferential speed of test piece 50 m/min 10 m/min to 200 m/min
Slip rate 30 % 5% to 80 %
Load 40 N 5N to 80N
Grit-dropping rate 20 g/min 10 g/min to 3) g/min

temperaturg

S=

x 10
d
where

D is the circy

d is the circy

NOTE 1 Durjfing a test run, there can be a considerable increase in temperature at the abrading interface, which ¢an lead to a
rise within the test piece. For theipurposes of this document, such a temperature rise can be disregarded.

NOTE 2 Theflip rate S, in percent, is defified as follows:

mferential spe€dof the abrasion wheel, in m/min;

mferentidlspeed of the test piece, in m/min.

To determ
reference d

ompound.

neAheé abrasion resistance index, the same conditions shall be used with the test pi|eces of the

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 2024 - All rights reserved
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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

Carry out the abrasion test as follows.
a) Weigh the test piece to the nearest 1 mg after the preliminary-wear run.
b) After weighing, mount the test piece on its rotating shaft in the abrasion test machine.
c¢) Conduft the abrasion test under the specified test conditions (see Clause 8) for the abrasiop test time

calculgted at the end of Clause 8.
d) On completion of the test, weigh the test piece again to the nearest 1 mg.
Before reweighing the test piece, remove any abrasion dust and grit smeared.over the surface|of the test
piece. Sometimes, it is also necessary to pull off a small edge hanging from the-test piece before weighing.
9.3 Denpity
Determine|the density of the test material in accordance with ISQ:2781.
10 Expression of results
The results are expressed either as a loss in volume or.@s the abrasion resistance index.
From the l¢ss in mass and the density of the test material, calculate the loss in volume per unit abrasion time
V (express¢d in mm3/min) and the loss in volupie-per unit running distance V' (expressed in mmi/km) from
the average of the results obtained from the individual test pieces, using Formulae (1) and (2):

y=_"1 (D

Pt
V' = _m_ (2)
pxl

where

V  is|the lossiiYvolume per unit abrasion time, in mm3/min;

V' is|the loss in volume per unit running distance, in mm3/km;

m is the average loss in mass of the two test pieces, in mg;

p isthe density of the test material, in g/cm3;

t isthe abrasion test time, in min;

is

the running distance, in km.

© IS0 2024 - All rights reserved
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Calculate the abrasion resistance index using Formula (3):

I:Kx100:1,><100 (3)
T T

© IS0 2024 - All rights reserved
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pping rate

re abrasion

where
I  isthe abrasion resistance index, in percent;
V  istheloss in volume per unit abrasion time for the reference compound, in mm3/min;
T istheloss in volume per unit abrasion time for the test piece, in mm3/min;
V' isthe loss in volume per unit running distance for the reference compound, in mm3/km;
T' isthe loss 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) samplg¢ details:
1) afull description of the sample and its origin,
2) details of the compound and its condition of cure, if known,
3) the time interval between vulcanization and testing,
4) the method used to prepare the test pieces (e.g. whether cut or moulded);
b) test method used, with a reference to this documert, i.e. ISO 23337;
c) testddtails:
1) the test temperature used,
2) the circumferential speed of the test piece, the slip rate, the load applied, the grit-dra
used and the abrasion time,
3) details of any procedures,not specified in this document;
d) testrepults:
1) the number of€est pieces tested,
2) the abrasienrate per unit time, the abrasion rate per unit running distance and the averag
resistanee index,
3) the density of the test compound and that of the reference compound (if used);
e) date of test.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Precision

eral

alculations to express the repeatability and reproducibility were performed in accor

ance with

ISO/TR 9221, which has now been withdrawn and replaced with ISO 19983I2l. Qutliers int
data were flealt with at the 5 % and 2 % significance levels in accordance with the procedures-d
ISO/TR 9272.

A.2 Precision details

A.2.1 An|interlaboratory test programme (ITP) was organized by Japam in 2004. Two c
designated E1 (SBR) and A (NR), were used for the abrasion tests.

A total of
laboratory]

A.2.2 Th
severity an

A.3 Test

The test rd
are shown|
equivalent

six laboratories participated in the ITP. Fully prepared«rubber test pieces were s¢
for the testing in the ITP, thus giving a type 1 precision.

b two sets of test conditions given in Table A.1 werge used. Set of conditions 1 correspo
d set 2 to low severity.

Table A.1 — Test conditions

Set of Set of
conditions 1 conditions 2
Circumferential speed of téstypiece 50 m/min 50 m/min
Slip rate 30 % 15 %
Load 40N 40N
Grit-dropping rate 20 g/min 20 g/min
Abrasion testtime 3 min 13 min

results

sults, caleulated as the abrasion resistance index with compound A as the reference
in Figure A.1. Under high-severity conditions (slip rate 30 %), these two compd
abrasion resistance. Under low-severity conditions (slip rate 15 %), compound E1 (§

he original
bscribed in

pmpounds,

nt to each

nhds to high

compound,
unds have
BR) shows

better abrd

8 racictancn thay ~opan s d A (NP

STOTT T oS tanCo ol COTITpUTTIOr 71X (IVIy)s

The rankings are similar to those found in road trials.
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Y4 Y
180 180
160 160
140 140
120 120
100 100
30 80

. o 1100 |
40 40
20 20
0 0

1 2 1 2
a) Slip rate 30 % b) Slip-rate 15 %

Key
Y abrasign resistance index (%)
1 A (NR¢ompound)

2 E1(SBR compound)

Figure A.1 — Testresults

A.4 Precision results
The resultsg calculated for the precision aregiven in Table A.2.

The symbdls used in the table are defined as follows:

r = r¢peatability, in measurement units;
() = r¢peatability, in peréent (relative);

R = re¢producibility,in’measurement units;
(R) = r¢producibility, in percent (relative).

Table A.2 — Precision data

Abrasion resistance Within-Taboratory Interlaboratory
index Mean value repeatability reproducibility
% (N=6x2=12) - B R ®)
Set of conditions 1 95,7 9,9 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 2024 - All rights reserved

10


https://standardsiso.com/api/?name=f98c0de97ac7278bce1a52932e361b83

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Principle 
	5 Apparatus 
	5.1 Abrasion test machine 
	5.2 Balance 

	6 Calibration 
	7 Test pieces 
	7.1 Type and preparation 
	7.2 Number 
	7.3 Time interval between vulcanization and testing 

	8 Test conditions 
	9 Procedure 
	9.1 Preliminary wear 
	9.2 Abrasion test 
	9.3 Density 

	10 Expression of results 
	11 Precision 
	12 Test report 
	Annex A (informative)  Precision 
	Annex B (normative)  Calibration schedule 
	Bibliography 

