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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 wif

Commissipn (IEC) on all matters of electrotechnical standardization.

Internation

Draft Interpational Standards adopted by the technical committees are circulated to the/member bodi
Publicatiop as an International Standard requires approval by at least 75 % of the member bodies casti

Internatior
Subcomm

Annexes A

h ISO, also take part in the work. ISO collaborates closely with the International Eld

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3

al Standard 1SO 15113 was prepared by Technical Committee 1ISO/TC45, Rubber and rub|
ttee SC 2, Physical and degradation tests.

to D of this International Standard are for information only.

ctrotechnical

es for voting.
Ng a vote.

ber products,
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Introduction

©1SO

Various geometrical arrangements can be used when measuring friction, but each is likely to give a different value

for u, the coefficient of friction. Each may be appropriate in particular circumstances, but it is desirable

that some

standard method utilizing specified test conditions be employed when comparisons between materials are

undertaken.

Rubber sam
between two
geometry. F
between the

Where rubbsd

ples are most readily available in sheet form, and for many practical applications‘-me
planar surfaces most nearly approaches service behaviour. Consequently, this is thelmest w
br this geometry, the apparatus used needs careful design in order to ensure, feproducik
surfaces, and this is discussed in annex A.

r moulding facilities are available, some workers prefer to use a hemispherical rubber sl

planar test t

ack. This gives a more definable contact area and minimizes the errgrs-involved if the frig

does not contain both the line of action of the load cell and that of the towing force. However, when this g
used, the frictional force is not proportional to the normal load (see annex B), and.-the contact area is estir
a knowledgg of the modulus of the rubber. Hence care should be takenwhen quoting values for coe
friction. The |big disadvantage of the method is that special test pieces nheed to be moulded from un
rubber, and fubber products cannot be accommodated. Finally, since:some degree of wear is insepa
friction, extended testing will produce a "flat" on the hemispherical test.piece. Frequent inspection of the t¢
is recommengded, therefore, to ensure that the initial contact geometry is maintained.

The alternatije "ball on flat" geometry where a hard ball slides’on a flat rubber surface is not an exact
The ploughing action of the ball through the rubber results'in an energy loss by hysteresis which give]
measured cgefficient of friction. However, in some circumstances this may be an appropriate test procedd

Although thgre may be some uncertainty in the.contact area using plane-on-plane geometry, this In

Standard is

necessary to
of the test pi
products, inc

This Internat]
annex A. Be
order to avoi
different met
here enableq
velocity is su
zero velocity
adhesion (st

ased on this geometry because of_jts wide practical applicability. However, it is emphasizq
have a well designed apparatus with the line of action of the load cell included in the plane
pces (see annex A). The method can be adapted to cover other contact geometries to sui
uding the ball-on-flat geometry set out in annex B.

onal Standard is based on linear motion, and guidance on the experimental arrangement
tause friction genérates heat, it is usual to restrict testing to velocities typically below 1000
d a large temperature rise at the interface. If service conditions involve high speeds, then
hod based en<rotary motion is more appropriate as discussed in annex A. The method of t
kinetic friction to be measured at a number of fixed velocities. It can be arranged that
ch thatimovement is barely discernible, and this gives an approximation to frictional behavio
(static friction). This may be different from the starting friction, which may involve some
ction) as discussed in annex C. This method is suitable for measuring the initial friction

asurement
idely used
le contact

der and a
tion plane
eometry is
hated from
fficients of
Vulcanized
rable from
st surface

pquivalent.
S a higher
re.

ternational
d that it is
of contact
particular

s given in
mm/min in
AN entirely
bst set out
the lowest
ur close to
blement of
only if the

machine has a constant-rate-of-load facility and a sufficiently compliant Toad cell. A discussion on stafic friction and
the correct approach to its measurement is given in annex C.

Rubber friction is complex, and the coefficient of friction is dependent on the contact geometry, normal load, velocity
and temperature, as well as the composition of the rubber. A discussion of the influence of these parameters and
some other factors which affect measurement is presented in annex D.
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Rubber — Determination of frictional properties

1 Scope

This Inter|
describes
against its

2 Norm

The follow
this Interr]
publicatio
investigatq
undated r
maintain r

NOTE

bibliography.

ISO 471:1
ISO 3383:

ISO 5893:
traverse)

3 Terms

For the pu

3.1
coefficient
the ratio d

hational Standard outlines the principles governing the measurement of coeffigient of
a method suitable for measuring the coefficient of friction of a rubber against standard

plf, or against any other specified surface.

htive references

ng normative documents contain provisions which, through reference in this text, constitute
s do not apply. However, parties to agreements based on this\International Standard are e
the possibility of applying the most recent editions of the normative documents indicate

pferences, the latest edition of the normative document referred to applies. Members of
pgisters of currently valid International Standards.

Those documents to which reference is made in thestext but which are only informative in nature, a

DO5, Rubber — Temperatures, humidities and times for conditioning and testing.

1985, Rubber — General directions for achieving elevated or subnormal temperatures for tes

— Description.

and definitions

Fposes of thisuhternational Standard, the following terms and definitions apply:

of friction
f the.frictional force opposing motion between two surfaces to the normal force between

friction and
comparators,

provisions of

ational Standard. For dated references, subsequent amendmjents to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

e listed in the

t purposes.

1993, Rubber and plastics test equipment — Tensile, flexural and compression types (cofistant rate of

the surfaces

under spe

cified test conditions

NOTE

3.2

Coefficient of friction is dimensionless and its value is not restricted to numbers less than unity.

area of contact

the whole
NOTE

3.3

of the apparent area made between the two test surfaces (test track and test piece)

The real area of contact (see 3.3) may well be less than this.

real area of contact
the sum total of the minute contact areas at which the two test surfaces touch
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3.4

velocity of test
the velocity with which one surface is driven relative to the other

NOTE

35
stick-slip

©1SO

If stick-slip (see 3.5) occurs, this will then be the mean velocity with which one surface moves relative to the other.

a condition in which the actual velocity between the surfaces oscillates between two extremes about the test
velocity, resulting in corresponding oscillations in the measured frictional force

3.6
test track

the surface 3

NOTE Th
3.7
temperature

the temperat

NOTE Si

i

3.8
lubricant

a substance

NOTE Al
introduced del

3.9
contaminant

any substang

NOTE Ad

3.10
stiction

the force nesd

NOTE
annex C.

Th

3.11
static friction

the frictional

gainst which the rubber is to be tested

b test track may be made of the same material as the rubber under test or it may be different.
pf test

Lire of the test apparatus and its environment

ce friction generates heat, this may differ from the actual temperature of ohe or both of the test surfac

ntroduced between two surfaces to lower the coefficientoPfriction

Libricant is usually a liquid, but in some circumstances solid powders are used, e.g. talc. Usually, lu
berately.

e present on either test surface not of the same composition as that surface

ontaminant may act as a lubricant. Usually, in service, contaminants are introduced inadvertently.

ded to move one surface over another when the external normal load is reduced to zero

s is an apparent frictional force, but no coefficient of friction can be calculated since the normal force

force needed to start motion (i.e. the frictional force at zero velocity)

NOTE WH

ere/there is an external normal load, a coefficient of static friction can be calculated. Static friction of

D

pricants are

5 zero. See

en involves

some element

of stiction. See annex C.

4 Principle

Two test surfaces are brought together under the action of a measured normal load. A mechanism slides one of the
surfaces over the other at a measured velocity, and the force opposing motion is monitored and recorded. The ratio
of this frictional force to the normal load at any instant is the coefficient of friction at that time. Since the test itself will
alter the surfaces and may change the temperature at the interface, the measured coefficient of friction may change
as the test proceeds.

In an ideal apparatus, the line of action of the force-measuring equipment will lie in the plane of the two contacting

surfaces. Thi

s may be either a horizontal or a vertical plane.
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5 Apparatus

5.1 Device, with provision for attaching two friction surfaces and capable of providing linear motion between the
surfaces for a distance of typically 100 mm at a number of fixed velocities, typically between 0,5 mm/min and
1000 mm/min. This may be a dedicated device or, alternatively, a tensile-testing machine may be adapted for the
purpose.

5.2 Means of providing several measured normal loads between the surfaces within the range 1 N to 200 N.
When the test track is horizontal, suitable weights may be used directly to provide the normal load, but on a
machine with a vertical test track it will be necessary to use a bell crank lever system to convert the vertical

gravitational force into a horizontal normal force

5.3 Seriepk of load cells or, alternatively, a load cell with multiple ranging,  conforming to grade)A fas defined in
ISO 5893:11993, fitted with a means of recording the output and fastened to one of the friction suirfaces] with ranging
or other means of indicating the frictional force to an accuracy of + 1 % throughout the range ‘'ofhmeasurement.

NOTE Corresponding to the range of normal loads stated in 5.2, the measured frictional forces are likely t¢ be within the
range 0,1 N to 1 kN.

5.4 Envirpnmental cabinet (if the effects of temperature are to be studied), to*contain the apparatug and the two
surfaces Under test (but not the load cell), with a means of measuring and recording the temperature tq an accuracy
of + 0,5 °Q. The environmental chamber shall not make physical contact withh any moving parts.

NOTE 1 [The exclusion of a condensation-forming atmosphere from the test environment is extremely difficult, and the
formation of ice crystals or particles or films on the test surfaces can only. be,assessed visually.

NOTE 2 [To avoid the formation of ice when testing at temperatures“at or below 0 °C, a very dry atmosphele (e.g. 5 % to
10 % r.h.) i$ needed.

5.5 Mear}s of avoiding stick-slip , as the whole apparatus (including the load cell) needs to be as stiff as possible.
All connegtions shall be made with rods and not with wire. Where an apparatus is designed to be attached to a
tensile-tesfing machine, then a machine with a high degree of stiffness shall be chosen. In practice, this means a
tensile-tesfing machine with a load capacity..seme 20 times greater than the maximum frictional force being
measured

5.6 Mear}s of separating the surfaces-under test, for use when the apparatus is reset to its initial [position after
each meagurement. This is necessary, because friction is very dependent on the history of the surfaces]

NOTE Separation of the surfaces’may be carried out manually or automatically.

6 Test qurfaces

6.1 Gengral

For each tpst)two prepared surfaces shall be used, one manufactured from the rubber under test and ]he other (the

test track)

6.2 Test

made either from this same rubber or, alternatively, Trom a speciiied material.

track

The test track shall be approximately planar but may have a patterned surface.

The material used to form the test track shall be larger in both linear dimensions than the test pieces (see 6.3). The
longer dimension shall be sufficient to allow a linear travel of at least 50 mm.

The test track may be any surface agreed between the interested parties, but where comparisons have to be made
it may be more appropriate to select one of the following:

a)

The rubber under test with the surface moulded, split or buffed.
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b)
c)
d)
e)

NOTE
test track (see

Float glass with the surface either polished or ground.
A specified stainless steel with the surface either polished or ground.
Cast iron with the surface ground to a specified finish.

Resin-bonded paper of specified grit size.

clause D.1).

ces
oo

©1SO

The measured coefficient of friction will depend not only on the material chosen but also on the surface finish of the

6.3 Test pi
Either mould

When planar|
it is possible
contact) ovel

Test pieces §
shall be mou

NOTE1 In
advisable to m

The test pieg

bd test pieces or test pieces cut from products may be used. Three test pieces shall be(teste
test pieces are used, they shall be of smaller dimensions than the test track selected (see 6

to obtain linear motion between the two surfaces for at least 6 s, while maintaining contact
the whole of the rubber surface throughout the test.

hted on a support of adequate thickness using adhesive.

atch as closely as possible the modulus of the test surface to that¢f the support.

e shall not be stretched during mounting.

Any adhesivé used shall not unduly swell or otherwise adversely«affect the test piece.

Round off th¢ leading edge of all planar test pieces to avoid\buckling or digging in of this front edge.

NOTE2 To

When a test

reduce the possibility of stick-slip, it is advisable’to keep the thickness of low-modulus test pieces bel

piece is made from a product, it may-not be possible to cut a planar piece of adequate size.

test piece may than be fabricated by mounting a’humber of small pieces cut from the product (for examp

of a windscr|
mounted at t
mounting or
test geometr

pen-wiper blade may be mounted so that the wiping surfaces define a plane). Three sm

he corners of a triangle, will always define a plane. A greater number than this will need m

perhaps additional preparation by buffing or abrasion. Alternatively, it may be better to use
as discussed in anpex A.

7 Prepara
7.1 Gener
Materials ma

some standa
than smooth

ion

.

2), so that
(apparent

hall normally be of a thickness between 1 mm and 8 mm. When the test)surface is thinner than this, it

some circumstances, the contact area may be affected by the modulus.of the underlying support, afd it is then

w 4 mm.

A suitable
le, lengths
all pieces,
pre careful
a different

urfaces to

surfaces wh
coefficients of friction will be observed depending on the method of preparation used.

7.2 Surface texture

of friction
s different

A test track made of float glass or mirror-finished metal shall be cleaned without other treatment (see 7.3). Other
surfaces that need to be abraded shall be machine-ground, buffed or abraded by hand against resin-bonded paper
of specified grit size.

Generally, test pieces prepared by splitting on a leather-splitting machine will need no further preparation other than
cleaning.
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7.3 Surface cleaning

Where contamination occurs in service and forms part of the agreed test conditions (see clause 13), then it may be left,
but where contamination is the result of the preparative procedure it shall, as far as possible, be removed.

It has to be recognized that complete removal of contaminants is not always possible, and sometimes the coefficient
of friction is permanently altered by the residual contamination. For example, complete removal of silicone oil is
rarely possible. For this reason, preparative techniques shall be chosen with great care. Where lubricants are
needed for any abrasive, these should preferably be water-based rather than oil-based. Similarly, when mounting
test pieces with adhesive great care shall be taken to keep the test surface free from adhesive. Care shall be taken
not to contaminate the test surface with finger grease.

Where cmlntamination has occurred, proceed as follows:

Blow all lopse debris from the surface using a jet of clean, dry air or similar gas.

NOTE 1 KA compressed-air line is not suitable as the air is usually wet and contaminated with oil.
Alternativgly, brush debris away using a clean, dry, soft brush.

When the contaminants, such as grease, cling to the surface, select a suitable solvent from the following list:
a) distilled water plus a small amount of detergent;
b) distilled water only;

c) tap water;

d) ethyl alcohol,

e) isoprgpanol;

f) acetope;

g) butanpne;

h) perchloroethylene;

i) toluere.

The chosgn solvent shall not dissolve/or unduly swell the surface being cleaned.

NOTE 2 Health and safety regilations apply to the use of some of these solvents.

In general| high-purity splvents are needed since it is only too easy to spread further contamination by Jusing impure
solvents. Himilarly, anycloth or paper used for cleaning shall not be allowed to contact the neck of the storage
vessel in grder to avoid contaminating the solvent in the vessel.

Wet, with g little\of the solvent, a piece of lintless cloth or tissue (which shall be unaffected by the solv¢nt) and wipe
the test syrfaee in one direction only. Discard the cloth or tissue. Repeat this procedure twice more psing a fresh
tissue and-<frestrsotvent:

When distilled water plus detergent has been used, remove the detergent by wiping the surface three times more
with distilled water only.

In locations where the tap water is known to be very pure, rinsing under the tap may alternatively be used.

NOTE 3 Where contaminants are water-soluble, this is undoubtedly the most efficient cleaning procedure.
Drain off any excess solvent by holding the surface in a vertical plane, and allow the surface to dry in the air.

Handle the test pieces by the edges only, wearing gloves to avoid contamination with finger grease. Do not place
the prepared surface in contact with any surface other than that against which it is to be tested.

Condition the test pieces in accordance with the procedure given in clause 8.
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8 Conditioning

8.1 Time lapse between vulcanization and testing

©1SO

For all test purposes, the minimum time between vulcanization and testing shall be 16 h. For non-product tests, the
maximum time between vulcanization and testing shall be 28 days and, for evaluations intended to be comparable,
the tests shall, as far as possible, be carried out after the same time interval. For product tests, whenever possible,
the time between vulcanization and testing shall not exceed 90 days. In other cases, tests shall be made within

60 days of th

e date of receipt of the product by the customer.

8.2 Protection of samples and test pieces

Samples and
damage or c

NOTE Ad

8.3 Conditi
Condition pr¢

If preparatior]
than 72 h.

For tests at t
be conducte
ISO 471.

9 Test par

NOTE Fo

9.1 Tempe

The test shal
listed in ISO

NOTE At
measured frict
chamber. Sim

test pieces shall be protected as completely as possible from all external influences-likel
pntamination during the interval between vulcanization and testing, e.g. light, heat, dust.

Hitional guidance is given in 1SO 2230[1].
pning of test pieces
pared test pieces for a minimum of 3 h at 23 °C + 2 °C.
includes buffing, the time interval between buffing and testing shall be not less than 16 h an

bmperatures other than 23 °C + 2 °C, condition the test-pieces at the temperature at which th
d for a period sufficient to enable test pieces to ‘attain substantial equilibrium in accorg

ameters

guidance on the effect of test conditions on frictional behaviour, see annex D.

rature of test

| be carried out at'a-temperature of 23 °C + 2 °C or at any other temperature(s), selected
B383, agreed between the interested parties.

emperatures.below the dew-point, moisture will condense on the test surfaces, and this may serious
ional foreé. JTo avoid this, it is necessary to conduct these tests in conditions of low humidity in an en
larly, at @ °C ice may form and to avoid this a very dry atmosphere is needed.

/ to cause

| not more

e test is to
ance with

rom those

y affect the
vironmental

9.2 Velocit

of test

Unless otherwise agreed or specified, the test shall be carried out at a velocity of 50 mm/min.

NOTE

Doubling or halving the velocity gives little change in friction. Test velocities should therefore preferably be chosen a

factor of 10 apart if a range is being studied. Frictional heating is greatest at higher velocities and, at values greater than

1000 mm/min,

cannot be ignored.

9.3 Normal load

The normal load shall be chosen to suit the application.

NOTE

In the absence of an application, the preferred normal loads are 10 N, 50 N and 100 N.
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10 Cleaning or renewal of the test track

The test track shall be cleaned or renewed each time a new test piece is used.

NOTE As testing proceeds, the surfaces change and friction may alter. It is not practicable to renew the test pieces after
each test in a series involving changes in load, velocity and temperature. However, it is advisable to renew or clean the test
track whenever the test piece is changed. This is the minimum procedure specified. The test track may be cleaned or renewed
more frequently than this in cases where this seems appropriate.

11 Procedure A (initial friction measurements)

11.1 If the test temperature is other than 23 °C + 2 °C, set the environmental chamber to the specified temperature
and allow the apparatus to reach this temperature.

11.2 Moynt the test piece(s) in the apparatus, fixing them in place either mechanically or‘using adh¢sive. If tests
are to be|conducted over a range of temperatures, the same method of fixing shall be used thfoughout the
temperatufe range.

11.3 Using packing pieces, or whatever means of adjustment is provided, adjust.the test piece(s) so that the line of
action of the load cell and the line of action of the drive mechanism both lie in-the plane of contact of the test piece
with the tepst track. If this is not possible, record the degree of offset to the nearest 0,5 mm.

11.4 Setthe test piece(s) to the start position and select the velocity.oftest.

11.5 Selgct and apply the normal load.

NOTE With a horizontal apparatus, the normal load includes the Weight of the test piece and its mounting.
11.6 Opgrate the mechanism which separates the surfaces.

11.7 Set|the force-recording equipment to the fequired range (a force range approximately equal to the normal
load appliged) and check the zero.

11.8 Aftef the conditioning period has passed (see 8.3), bring the two test surfaces together and withif 5 s start the
machine.

11.9 Atthe end of the test run, separate the surfaces again and return the machine to its starting position.
NOTE The return velocity need not be the same as the velocity of test.
11.10 Repeat steps 1X£.8-and 11.9 twice, making three measurements in all.

11.11 If the test track or test piece has a directional surface finish, then reverse the test track or tgst piece and
repeat steps 1111-to 11.10.

11.12 If further measurements are to be made, then select the appropriate velocity, temperature and normal load
and repeat steps 11.1 and 11.10.

12 Procedure B (service behaviour)

12.1 As testing proceeds, the condition of the surface of the test piece and the test track change and the
coefficient of friction alters. If this corresponds with service behaviour, the later values of the coefficient of friction
may be more relevant than the early ones. Under these circumstances, proceed as given in 12.2 to 12.4.

12.2 Follow the procedure from 11.1 to 11.10.

12.3 Switch on the recording mechanism and repeat 11.8 to 11.9 50 times or as agreed between the interested
parties.
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12.4 Switch

13 Proced

on the recording mechanism and repeat steps 11.8 to 11.10, recording three further traces.

ure C (tests with added lubricants or contaminants)

13.1 Carry out steps 11.1 to 11.6.

©1SO

13.2 By means of a spray, spatula or other suitable means, apply the specified lubricant or contaminant to one of

the two test s

NOTE

urfaces.

Typical lubricants or contaminants are water, water with added detergent, oil or grease.

13.3 Carry ¢ut steps 11.7 to 11.9.

NOTE

13.4 Repeal steps 13.2 and 13.3 twice, making three measurements in all.

13.5
normal load

13.6 Disma
noted previo
contaminant.
and keep thig

14 Stick-s

14.1 ltis ng
30 % of the f

14.2 Check
of contact of

14.3 Use a
minimum tes

14.4 Stiffen
14.5 Introdd
14.6 Reduc]

14.7 If thes

On| a vertical test track, it may be necessary to spray lubricant or contaminant onto the test traek continu

If further measurements are to be made, select the appropriate texture direction, velocity, tempe

nd repeat steps 13.1 to 13.3.

P

ntle the apparatus and thoroughly clean the test surfaces and the mounts in which they ar
usly, with some contaminants, such as silicone oil, it is net possible to remove all tra

particular track for future tests of this type. Do not use it farnormal friction testing.

ip

t always possible to eliminate all stick-slip,during testing but, if the oscillations extend over
brce range, try to reduce them following the procedure given in 14.2 to 14.7.

that the line of action of the mechanical drive and the line of action of the load cell both lie i
the test piece with the test track. Make adjustments to correct any misalignment.

stiffer load cell, even if this)has what seems to be too large a load capacity bearing ir
| force for that particular load cell.

all couplings and eliminate loose joints.

ce cross-bracing’into the frame of the machine if this seems too flexible.

P measures fail, carry out the test at a velocity two times to 10 times that of the original te

noting this cH

ange in the test report.

15 Presentation of results

15.1 General

b the thickness of the test pieces and ensure that their leading edges are adequately roundedl.

usly.

Fature and

fixed. As

ces of the
In this case, place the test track in a sealed polyethylene fsag labelled with the type of cgntaminant

more than

the plane

mind the

5t velocity,

Record on each set of traces the normal load, velocity and temperature of test in addition to the sample numbers
and other data relating to the two materials involved in the test.

15.2 Calcu

lation and expression of results (procedures A and C)

Typical repeat traces are shown in Figure 1. Surfaces are rarely completely uniform and some change in friction as
testing proceeds is inevitable. Also, rubber is a visco-elastic material and takes time to respond to the forces applied
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to it. This means that the frictional force often depends on the length of time that the surfaces have been in contact
or on the length of time since movement commenced. Frequently, therefore, precise values of the coefficient of
friction cannot be quoted. This reflects reality, for as testing proceeds the minute areas of real contact change and
with repeated testing both surface texture and surface condition are changed. Therefore, it is advisable to give a
range of values within which the coefficient of friction between two materials tested under specified conditions would
be expected to lie.

Examine each of the three traces recorded in 11.8 and 11.10. Mark and record the mid-point frictional-force value in
each case (F, F, and F5 in Figure 1). Divide the measured frictional force by the relevant normal load for each of
the three traces and record the coefficients of friction so obtained to two decimal places. Repeat this for each of the
three test pieces, giving nine values in all (in the case of test pieces with a directional surface texture there will be
18 values).

Calculate,|[to two decimal places, the mean of these nine values and record this as the mean ieoefficient of friction
under the ptated conditions. For surfaces with directional texture, quote the two separate means-obtaingd.

Record also the maximum and minimum values on the nine (18) traces (see H and)L in Figure [l). Calculate

coefficientg of friction from these values, as before. These values then represent the range in which the coefficient
of friction ¢f the two surfaces would be expected to lie.

H
_kz‘:;wv\h F2 ks

Key

1 Frictiongl force
2 Time

Figure 1 — Typical friction traces showing high and low points

Single brigf excursions>upwards, such as that shown at A in Figure 1, are usually due to a "step" in the track or to
spot contgmination{with a high-friction material, for example an adhesive, while single brief excursion§ downwards,
such as that shewn at B, are usually due to a small area of lubricating contamination or a slight surfacg irregularity.
Ignore thepe.brief excursions because they are not really a property of the surface being tested, and|calculate the
results on|the’remaining trace. If there is any doubt, or if there are multiple excursions to high or low] values, then
repeat the test with fresh materials.

15.3 Calculation and expression of results (procedure B)

Typical traces obtained by procedure B are shown in Figure 2. In general, there is a trend upward or downward
from the first test to the last, and the change between the first and third traces (A and C) is usually much larger than
the change in friction level observed in the final three traces (D, E and F).

Since this test is intended to simulate service behaviour, where cross-contamination of the track and the test piece
occur, it is the final three traces which are relevant. Ignore traces A, B and C and treat traces D, E and F in
accordance with the procedure set out in 15.2.
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15.4 Treatment of stick-slip

On each trace, draw in the locus of the mid-points of the stick-slip motion. Treat these loci in the same manner as
the traces in Figure 1. Calculate the mean coefficient of friction for each trace in accordance with the procedure set
out in 15.2 and calculate the mean value of the nine (18) values so obtained.

However, for the maximum and minimum values use the extreme range of the stick-slip motion, such as points H
and L in Figure 3. Calculate the coefficients of friction corresponding to the force values at H and L and quote these
as the extremes of the range in which the coefficient of friction would be expected to lie under these test conditions.

NOTE The amplrtude of strck s||p motion is not soIer a property of the surfaces under test, but is markedly dependent on
the spring forge C C C 0 A g aratus and
load cell. Con equently, the values calculated at H and L are as much a property of the apparatus as of the test materrals.

1
B
C
k‘
~\—-- ~\—\—--
D
E F
[/
71 2
N —
3
Key
1 Frictional fgrce
2 Time
3 50 runs
Figure 2 — Typical drift of results in extended tests
1
L
L
L
2
Key

1 Frictional force
2 Time
Figure 3 — Typical stick-slip traces

10


https://standardsiso.com/api/?name=4b88e90de809a4aaeaeb241016ed8b14

©1SO

16 Test report

The test report shall include the following information:

a)

b)

d)

Sample details:

1) afull description of the rubber tested and the test track against which it was tested;
2) compound details and conditions of curing of the rubber, if known;

3) details of preparation of the test pieces, for example whether moulded or cut;

ISO 15113:1999(E)

4) the surface preparation used and, where known, the surface roughness (or grit size if a testtfack of resin-

Test

1)

nded abrasive paper was used).

ethod and test details:

reference to this International Standard;

2) the procedure used (A, B or C);

3) the type of apparatus used;

4) the conditions of test, including normal load, velocity, temperature and any lubricants or gontaminants
used;

5) the time and temperature of conditioning of the test pieces.pfior to testing;

6) details of any deviation from the procedure, e.g. the offset of the line of action of the load |cell from the

Test

ane of contact of the two test surfaces.

sults:

1) the mean value of the coefficient of friction, and the maximum and minimum values of the coefficient from
the nine (18) friction traces;

2) the direction(s) of test for surfaces with a directional texture;

3) ¢
Thed

bpies of complete frictionraces, if required.

ate of the test.

11
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Design principles
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When one surface slides over another, a frictional force opposes the motion. The magnitude of this frictional force

depends on

he magnitude of the force acting normally to the surface (the normal force or normal load) The ratio of

the frictional

In order to n
surfaces and

A typical sim
However, the
creates a ¢
(exaggerateq
edge of the s

Experimenta

undefinable area. The arrangement is also unstable and liable to violént'stick-slip motion.

When constr
drive mecha

force to the normal force is termed the coefficient of friction.

neasure the magnitude of the frictional force, it is necessary to provide relative motion be
to monitor the force with a load cell.

ble arrangement is shown in Figure A.1, and at first sight this seems satisfactory enough.

frictional force opposing motion lies in the friction plane, whereas the towing force T lies ab
ockwise torque which can only be balanced by the sled tilting%on its forward edge,

led (exaggerated for the sake of clarity).

ly, this is an exceedingly poor arrangement since contact occurs over a reduced, unc

Licting an apparatus, therefore, it is important to ensure that the line of action of the load ¢
hism are both included in the plane of contact ofithe two surfaces. Diagrammatically, this i

Figure A.2 a

the advantage that stick-slip motion is considerably reduced. A fuller discussion will be found in the pape
and Newell(3].

However, wi
some produg
configuration
better tested

d it is clear that a more rigid arrangement than-that illustrated in Figure A.1 is needed. This

h this arrangement there are limits on the normal force and velocity of test that can be usg
ts other test parameters may be more important. For example, bearing materials require a
capable of reaching high velocities. Similarly, V-belts, which generate relatively high normal
in an apparatus dedicated-te-this type of product.

1 2

tween the

bve it. This
as shown

) in Figure A.1. The anti-clockwise couple is provided by the weight W and the reaction R at the front

ertain and

b|l and the
shown in
n turn has
by James

bd, and for
rotary test
loads, are

Key

1 Load cell
2 Drive

12

F
Yl

Z

Figure A.1 — Effect of offset between the towing force and the frictional force
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1
/ 3
./ ] I VA | I |___ .
J | /f
/
2
Key
1 Load cell
2 Track
3 Todrive

Figure A.2 — An arrangement which keeps the towing force and the-line of action of the load cell

in the friction plane

13
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Ball-on-flat geometry
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An alternative approach to overcoming potential problems of contact area with planar surfaces is to use a rubber

ca can be

sphere on a
calculated.

According to
equation

where

R is the
W is the
E isYo

Friction theo
interface, as

F = ma®§

Using the He

F=nSX

and the coeft

- F
Y

Ir\Inm:\ track If the stress-strain Inrnlmarfil:\Q of the rubber are known then the contact ar

Hertz[4l, when a smooth elastic sphere contacts a smooth plane, the radius of contacta’is g

xWxB
E

radius of the sphere;
load;

ung’s modulus (or rather an approximation to it in the~Case of rubber).

given by the equation
b

rtz equation above, the relationship-between the frictional force F and the normal force W be
2 2

%136 ?XW§

icient of frictiongjs’then
2
X

9 _1
nSX%— @éxw3
6 E

R

X —

E

R

However, thi

5 rather idealized model is rarely encountered in service situations. When contact betwee

y states that the frictional force F is proportionalto the contact area and to the shear streng

ven by the

th S of the

omes

a sphere

and a plane, each with a degree of roughness, or contact over multiple contact points, is considered, Archard[®]
established that

FOwn

where 2<n<1

3

The value of nin the above equation varies with the complexity of the model. A fuller discussion is given in Bowden
and Tabor’s book on frictionl6l. The contact between a cylinder and a plane may be analysed similarly.

14
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Static friction and "stiction"

If, when the normal load is reduced to zero, there is stlll a force opposmg motion, then there is adhesion between

the surface

since no
capillary 3
force appl

Since the
basis of t
obtained if

Often the
adhesion |
contact. S
friction witl

It is impo
(preferably
either by s
the surfac
than with
surfaces V|
rather tha
friction of
have been
low so thd
resulting n

dheswe is mvolved and the force opposing motion appears to be friction. Electrostatig
ttraction may also generate adhesion between surfaces. In effect, this increases any“ex
ed.

ne applied normal load alone. This gives a higher figure for the coefficient-of friction th
the adhesion were absent, or could be allowed for numerically when estimating the normal |

stiction between surfaces depends on the time that they have been in contact, and in
hcreases with time. This means that the frictional force opposing/motion will also increase w
nce the external normal force remains constant, the effect of this is to give an increasing
N longer contact times.

tant, therefore, that in any test procedure the contact.time is kept relatively constant b
a short time unless the effect of stiction is being investigated). This may be achieved in one
tarting the motion before the surfaces are brought together or by specifying a time limit betv

rough surfaces, and when materials are being compared more reliable results can be
ith a slight degree of roughness (for example, 10 um to 30 pm RV roughness as defined in

fubber is very difficult to measure sifice the numerical values obtained depend on the time
in contact and on the rate of rise 0fthe applied shear force. Generally, the static friction of

novement is so small that it'may take several weeks before any perceptible movement can

Additional
load, and

y, it is almost impossible\to distinguish static friction from stiction, which is static friction af

utilizes a mumber of selected-v€locities, and an indication of the trend at velocities close to zero (corr

the slow
obtainablé€

1;equently the two are confused. The method of measuring friction described in this Internatid

ovements referred to above) can be obtained by carrying out measurements at the lo
on the apparatus.

it the test piece will move notmatter how small the shear force that is applied. Howevef,

0 as "stiction”

charge and
ernal normal

n would be
ad.

magnitude of this adhesive force is rarely known, the coefficient of friction is "'usually calcFated on the

general the
th the time of
coefficient of

ptween tests
of two ways:
yjeen bringing

bs together and starting the motion. In generalthe problems of stiction are greater with smgoth surfaces

obtained on
ISO 428712])

h completely smooth surfaces. The fofce necessary to start motion is termed "static friction”. The static

the surfaces
ubber is very
the rate of
be detected.
zero normal
nal Standard
esponding to
vest velocity

An appardtus for njeasuring static friction or stiction should be based on a slowly rising force ramp rather than on

selected V|
general m

plocities. It also requires a very sensitive indicator of the initial motion. If these facilities are
bthod described here can be adapted to the measurement of static or initial friction.

hvailable, the

15
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