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Foreword

62:2017(E)

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

When rubber is deformed, an energy input is involved; part of which is returned when the rubber
returns to its original shape. That part of the energy which is not returned as mechanical energy is

dissipated as

heat in the rubber.

The ratio of the energy returned to the energy applied is termed the resilience. When the deformation
is an indentation due to a single impact, this ratio is termed the rebound resilience.

The value of the rebound resilience for a given material is not a fixed quantity, but varies with
temperature, strain distribution (determined by the type of indentor and test piece and by their

dimensions),
mass and ve
case of filler-

This variatig
only be fully
have a differ
near transiti
have only mg

Ideally, rebo
rigid suppor
test pieces i
avoided by s

To approach
ISO 48) of thi
the apparatu

If a defined s
of rebound r

strain rate (determined by the velocity of the indentor), strain energy (determined |
Jocity of the indentor) and strain history. Strain history is particularly important
loaded polymers, where the stress-softening effect necessitates a mechanical conditi

n of resilience with conditions is an inherent property of polymers, whigh ‘can thej
evaluated if tests are carried out over a wide range of conditions. The fa¢tors describe
ent quantitative influence on resilience. While temperature can critically affect resi
bn regions of the material tested, factors connected with time and-amiplitude of inden
derate effects, and fairly wide tolerances may be admissible forthem.

ind resilience should be measured on a test piece the back™surface of which is bonde
in order to avoid friction losses due to slippage during the impact. Since the use of b
b impractical in many applications, unbonded test pieces are used. Frictional loss¢
ecure clamping of the test piece.

these ideal conditions in a practical apparatus, limitations are put upon the hardnes
e rubber that can be tested: on the hard side to avoid unusual requirements of rigid
s; on the soft side to avoid difficulties in clamping.

et of mechanical conditions and an.appropriate apparatus are selected, a standard
psilience at any temperature can be‘obtained with a satisfactory degree of reproduci

by the

n the

bning.

efore
d can
ience
ation

dto a
nded

;S are

s (see
ity in

value
hility.

Vi

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=13102db1307ea78367407524f65d00a9

INTE

RNATIONAL STANDARD

ISO 4662:2017(E)

Rubber, vulcanized or thermoplastic — Determination of
rebound resilience

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, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
ensure compliance with any national regulatory conditions.
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rebound resilience
ratio between the returned and the applied energy of a moving mass which impacts a test piece

Note 1 to entry: It is usually expressed as a percentage.
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4 Principle

A test piece with plane, parallel surfaces is impacted on one surface by a linearly or circularly oscillating
body, the impacting surface of which is spherical. The rebound resilience is determined by measurement
of the energy of the impacting mass immediately before and after impact.

NOTE Conventionally, the input and output energies of the moving mass have been determined by observing
the potential energy of the mass when at rest before moving to impact the test piece and on reaching zero velocity
after rebound. The detailed descriptions of the apparatus described in this document follow this convention.
However, it is equally acceptable to measure the input and output energies of the moving mass by observing its
velocity immediately before and after impact and calculating the kinetic energies.

5 Pendulum method

5.1 Apparatus

5.1.1 Geng¢ral

The rebound| resilience shall be measured by means of an apparatus consisting'of a pendulum-like one-
degree-of-freedom mechanical oscillatory device and a heavy and secure teSt piece holder.

The two items shall be suitably fixed together for rebound resilienceymeasurements, and either item
can be remoyed for purposes of adjustment or checking of the oscillatory device.

Means shall be provided for measuring the rebound of the pendulum, either using a calibrated sdale or
an electricallsignal.

Various practical designs of apparatus which conform te these specifications are available (see Annex B
and Annex C}.

NOTE1 The various types of apparatus designedito operate within the ranges specified for the various
parameters (see below) and correctly calibrated give:substantially the same values of rebound resilience.

The apparatps and impacted test piece characteristics shall be such as to fall within the follpwing
specified rarges:

— indentor diameter (D): 12,45 mmr-to 15,05 mm;

— test piecp thickness (d): (12,5 + 0,5) mm;

— impacting mass (m): £)25 kg to 0,35 kg;

— impact vielocity ():)1,4 m/s to 2,0 m/s;

— apparent strain energy density (mv2/Dd?2): 324 k]J/m3 to 463 kJ/m3.

NOTE 2 Thu \,Ulld;t;\}llo alld ayyal Cltuo DP\,\,;f;\,d ;ll th;o dU\,ulll\,llt ;IAVU}V\, thl( D\,}l{\/t;l}ll Ufa Dyh\/l ;\«a} ;ll entor

and of a flat test piece and are assumed to be essentially dependent on the fundamental parameters D, d, m and v
listed above. In addition, the ratio of impact energy to an equivalent volume or “apparent strain energy density”
(mv2/Dd?), which under simplifying assumptions is related to impact strain, has to be maintained within the
narrow range specified.

NOTE3  The ranges are such that they embrace the requirements for the Liipke pendulum method (12,5 mm,
12,5 mm, 0,35 kg, 1,4 m/s, 351 k]/m3) and the modified Schob pendulum method (15,0 mm, 12,5 mm, 0,25 kg,
2m/s, 427 kJ/m3).

In addition, allowance has been made for

a)

a small tolerance (+0,05 mm) to allow for mechanical imperfections of spheres of 12,5 mm and
15 mm nominal diameter;

© ISO 2017 - All rights reserved
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b) an additional tolerance (3%2 k]J/m3) on mv2/Dd? to allow for the effect of variation in test piece

thickness (x0,5 mm).

5.1.2 Oscillatory device

The oscillatory device shall consist of a rigid body or hammer terminating in an indenting spherical
surface, supported so as to oscillate linearly or circularly under the action of a restoring force which can
be due to gravity or produced by the elastic reaction of springs or by a wire in torsion. The velocity of the
indenting spherical surface at the point of impact shall be in the horizontal direction and perpendicular
to the surface of the test piece.

5.1.3| System for following the motion of the hammer

The motion of the hammer shall be followed either by means of a system comprising a pointer and a
fixed [scale or by a system which measures the position or velocity of the hammer‘to furnfish electrical
signals.

For pendulums in which the restoring force is due to gravity, the rebound resilience, R, is given by

Formpla (1):

h
R=4 (0

where
h[ is the height of rebound;

H s the drop height.

It is upually convenient for the scale to measure either the horizontal rebound distance or, for rigid-arm
pendillums in particular, the angle of rebound. For pendulums in which the restoring forge is due to a
torsign wire or to the elastic reaction(ofjsprings, the rebound resilience is given by Formula (2):

R=2R (2)
o]
wher¢
aRr is the angle'of rebound;
ay is the@ngle of impact.

For this form of apparatus, it is convenient for the scale to be used to measure the angle of|rebound.

The seale-eanbegraduateduniformlyor-be—ecalibrated-directyintnits—efrestlienee—For uniformly
graduated scales, conversion equations, charts or tables to allow the determination of the resilience are
also necessary.

5.1.4 Test piece holder

The disc-shaped test piece shall be securely held during mechanical conditioning and rebound
measurement.

The surface against which the back of the test piece is applied shall be metallic, flat and smoothly
finished, vertical and perpendicular to the impact velocity direction.

This backplate is part of an anvil which shall either be free (in which case, it shall have a mass of at least
200 times the impacting mass) or shall be rigidly fastened to a very rigid system, such as a masonry
structure.

© IS0 2017 - All rights reserved 3
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Any type of suitable holding device can be used provided that it gives rebound resilience values that
deviate by not more than 0,02 (absolute rebound resilience) from those obtained with test pieces
bonded to a rigid backplate. This shall be checked using one compound of high rebound resilience
(approximately 0,90) and one of high hardness (approximately 85 IRHD).

No lateral restraint shall be applied to the test piece. A clearance of at least 2 mm shall be left around it
in order to allow it to bulge freely when impacted.

Examples of suitable holding devices include suction holding devices (by vacuum), mechanical clamping
devices and combinations of the two. In any of these cases, the holding device shall not cause excess
deformation of the surface to be impacted and shall not allow shuffling or slipping. A recommended

mechanical clamping device consists of a metal ring (see Figure 1) with 2 20 mm internal diameter and
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holding force: (150 + 15) N with suction or (200 + 20) N without suction

Figure 1 — Mechanical clamping device (optional)
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Adjustment of oscillatory device

omplete apparatus shall be repeatedly operated, impacting test pieces of rubber at
s of hardness (30 IRHD and 85 IRHD). Its motion shall be smooth and no form
htion mode, such as whip~or vibration, shall be caused by the impact because o
bss of rigid parts or a defective system of guidance.

e purpose of initial-ddjustment or periodic checking, the test piece holder shall
the oscillatory device and the following procedure carried out (measurement of the
ment of the Liipke pendulum may be omitted because it is clear that its logarithmic
nan 0,01).

b orstispensions in order to carry out inertial-parameter calculations. From these, v
alent impacting mass conforms to the specifications in 5.1.1 and that its line of imp

the extreme
of spurious
[ insufficient

be removed
 logarithmic
decrement is

h the guiding
brify that the
hct is such as

nott

. c L . . -
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Ensure that the diameter of the spherical indenting surface conforms to the specification in 5.1.1 and
that the area of the spherical surface of the indentor in all cases exceeds the area of the indented surface
of the rubber during impact. It is preferable that the impacting surface be a complete half-sphere.

Leave the complete oscillatory device free to attain its rest position. If using a pointer and fixed scale
(see 5.1.3), check that this is at the zero point of the scale and that this is the position at which impact

takes

place. At this point, the indenting sphere shall be moving horizontally.

The following procedure shall be carried out where necessary to correct for frictional losses. It is
not necessary where a method of observing impact and rebound velocities is used or the logarithmic

decre

ment can be shown to be less than 0,01.
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To correct for frictional losses, determine logarithmic decrements and corresponding damping
corrections as follows. Set the oscillatory device in motion. Time its periods of oscillation and measure
the amplitudes of successive oscillations (on the same side). Calculate the corresponding logarithmic

decrement A by Formula (3):

|
A= 1log e X
n
X+n (3)
1 R,
=—Iog,
2n Ryin
where
n is the number of full oscillations considered;

Iyand Iy, are amplitudes read on a uniform scale;
Ry and R+, are amplitudes read on a quadratic scale.

For the pres¢nt purposes, it is immaterial whether the scale has or has not already been correctgd for
small nonlingarity.

If the operafion of the instrument involves different damping conditiéns during the forwargd and
backward inppact strokes, due for example to a pawl engaging the{pointer, then the measurements
described shpll be carried out under both conditions and their readings averaged.

Calculate thp full period of oscillation, 7, and logarithmic_decrement, /A, as the averages dof five
oscillations fpr different amplitudes, as follows:

— full scald T1 N
— one-half|scale T> A2
— one-quarter scale Ty Ay

None of the vjalues A1, A and A4 shall diffex from their average by more than 0,01 and none of them shall
exceed 0,03.|While a value under 0,01.can’be neglected, for values between 0,01 and 0,03 a corr¢ction
shall be appljed to the rebound results; preferably by displacing the starting point of the moving/mass
beyond the unity resilience point by a corresponding amount.

Calculate thg damping correction, AH, in millimetres, to the drop height by Formula (4):
AH:H{l— 1 Jxl 4)

where

H isthe drop height (mm);
/A; isthe appropriate logarithmic decrement measured for the drop height.

A more refined evaluation of the correction is in most cases unnecessary, but may be made if a detailed
analysis of energy losses is available.

5.2 Test pieces

5.2.1 Preparation

The test pieces shall have flat, smooth and parallel surfaces. They shall be prepared either by moulding
or by cutting and buffing. If test pieces are prepared by cutting and buffing, this shall be carried out in
accordance with ISO 23529. They shall be free from fabric and any other reinforcing support.

6 © IS0 2017 - All rights reserved
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5.2.2 Dimensions

The standard test piece is a disc with a thickness of (12,5 # 0,5) mm and a diameter of (29 % 0,5) mm.
Other test pieces having non-standard dimensions may be used for comparative measurements with
special provisions (see Annex A).

5.2.3 Measurement of dimensions

Check that the test pieces meet the requirements in 5.2.2, using the appropriate method of measurement
described in ISO 23529.

5.2.4[ Number of test pieces

For each material, two test pieces shall be tested.

5.2.5| Time-interval between forming and testing

Samples and test pieces shall be protected from light and heat as much as possible during the interval
betwe¢en forming (vulcanization or moulding) and testing.

For nprmal test purposes, the minimum time between forming and-testing shall be 16 I. In cases of
arbitgation, the minimum time shall be 72 h.

For npn-product tests, the maximum time between forming.and testing shall be four weeks and, for
evaluptions intended to be comparable, the tests shall, as*fat as possible, be carried out after the same
time nterval.

For pfroduct tests, whenever possible, the time between forming and testing shall not gxceed three
months. In other cases, tests shall be made withiftwo months of the date of receipt of the product by
the plirchaser (see ISO 23529).

If the|preparation of the test piece involves buffing, the interval between buffing and teqting shall be
not less than 3 h and not greater than(72+h.

5.2.6] Conditioning

Prepdred test pieces shall be conditioned immediately before testing for a minimum period of 3 h at one
of thg standard laboratery-temperatures specified in ISO 23529. The same temperature $hall be used
throulghout any one testor series of tests intended to be comparable.

5.3 |Temperatiire of test

The t¢mperature or temperature range of the test shall be chosen according to the material being tested
and the ihiférmation required. Preference shall be given to the temperatures listed in ISQ 23529. The
tolerdree limits on the temperature shall be not more than +1 °C. When no temperature is specified, a
standard laboratory temperature shall be chosen.

Where the resilience changes quickly with temperature, the use of more temperatures at closer
intervals is recommended.

5.4 Procedure

5.4.1 Thermal conditioning and mounting of test piece

If stickiness is noted on the impacted surface, its effect shall be avoided by dusting the surface lightly,
for example, with talc.

If the test temperature differs from the standard laboratory temperature chosen (see 5.3), first bring
the complete test apparatus, or the special heated or cooled holder (see 5.1.5), to the test temperature.

© IS0 2017 - All rights reserved 7
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Mount the test piece in the holder and allow sufficient time for the test piece to reach a uniform
temperature within the prescribed tolerance limits (see ISO 23529). Alternatively, test pieces may be
heated or cooled separately from the holder in an oven or cold chamber in accordance with ISO 23529
and then quickly inserted in the heated or cooled holder. In this case, the time in the holder before

testing shall

preferably be reduced to 3 min.

In tests at low temperatures, provision shall be made to prevent frost from forming on the test piece.

5.4.2 Mechanical conditioning of test piece

After applying the prescribed thermal conditioning and mounting the test piece in the holder, carry out

three

amechanica
minimum anl

5.4.3 Mea

Immediately
piece and no

5.4.4 Calc

Where no caq
in 5.1.3.

Where corre

by Formula (

R, h+
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d seven as maximum, so as to reach a practically constant rebound amplitude.

surement of rebound resilience

after the impacts for mechanical conditioning, carry out three more imipacts on th
fe the three rebound readings.

1lation and expression of results

rrections are necessary, calculate the rebound resilienc€ using the appropriate fo

5):

ﬂxwo

Ry, isth

is th
H isth
Ah isth

AH is th

Take the median of theresilience values calculated for each of the three impacts on the test piece
rebound resilliencéof the test piece.

Calculate thd méan of the median values for the two test pieces

rebound resilience (%);

rebound height (mm);

drop height (mm);

damping correction to the rebound height (mm);

damping cofrection to the drop height (mm).

e test

‘mula

ction of drop height and rebound height is necessary,the rebound resilience is calcylated

(5)

hs the

5.5 Precision

Precision data for this method are given in Annex D.

5.6 Testreport

The test report shall include the following particulars:

a) sample details:

1) aful

1 description of the sample and its origin;
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2) the method of preparation of the test pieces from the sample, for example moulded or cut;

b) test method:

1) a full reference to the test method used, i.e. the number of this document and “pendulum

method”;

2) the type of apparatus used and the indentor diameter, mass and velocity;

3) ifthe standard test piece was not used, details of the test piece;

4) the method used to hold the test piece;

c) téstdetails:
1) the time and temperature of conditioning of the test pieces prior to testing;
2) the temperature of the test, and the relative humidity if necessary;
3) details of any procedures not specified in this document;

d) t¢stresults:
1) the number of test pieces tested;
2) theindividual test results;
3) the mean result;

e) the date of the test.

6 Tripsometer method

6.1 |Apparatus

6.1.1| General

The apparatus shall consist of-a rotary pendulum consisting of an axle-mounted disc with

mass
of me
and h

appaf

and an indentor attached to the periphery, a heavy and secure test piece holder

older shall becremovable for purposes of adjustment or checking of the oscillatory
atus and testpiece shall meet the following requirements:

—n

— thickness of type 1 test piece (d1): (7,0 = 0,1) mm;

dentordiameter (D): (4,00 + 0,04) mm;

an off-centre
hnd a means

asuring the height-of drop and rebound of the off-centre mass (see Figure 3). The pendulum

 device. The

— thickness of type 2 test piece (d2): (4,0 + 0,1) mm;

— impacting mass (m): (60,0 £ 0,2) g;

— impact velocity (v): (0,125 = 0,006) m/s;

— apparent strain energy density for type 1 test piece (mv2/Dd12): 3,3 k]/m3 to 7,2 k]/m3;

— apparent strain energy density for type 2 test piece (mv2/Dd>2): 12,6 k]/m3 to 16,9 k]/m3.

NOTE

The example of the calculation procedure for the impact velocity is given in Annex E.
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3 g
~ 20
)
- 0, ,
]

Figure 3 — Exaniple of a tripsometer

Key
1 release mechanism
2 striker
3 test piece|holder

6.1.2 Pendulum

The pendulym shall consist of a~saolid steel disc (420 + 2,5) mm in diameter and with a mass of
(16,5 = 0,05] kg. The disc shallcearry on its periphery a bracket holding a steel ball or hemisphlerical
striker (4 + (,04) mm in diameter, with its centre (260 * 0,5) mm from the centre of the disc. The ball
and bracket fogether shall.add an unbalanced mass of (60 * 0,2) g. The unbalanced mass shall be if such
a position thpt the timef0r one complete oscillation (amplitude about 45°) of the disc plus unbalanced
mass is (10 40,5) s.

The disc shall beemounted on bearings designed to impart a minimum of friction to the system. It shall
be provided [with'a mechanism permitting it to be held, displaced 45° from the impact position| until
released. Thereteasemrechanisrshattmotimpartany imputse to thedisc {see Figure33-

NOTE1 Details of the determination of the logarithmic decrement of the oscillating device and the maximum
permissible value are given in 6.1.6.

NOTE 2 A design using air bearings to minimize friction is described in Annex C.

6.1.3 System for following the motion of the disc

The motion of the disc shall be followed either by means of a system comprising a pointer or vernier
rigidly fixed to the disc, travelling along a scale carried on the frame of the machine, thus measuring
the angular displacement of the disc, or by a system which determines the angular velocity of the disc
immediately before and immediately after impact. If a scale is used, it shall be graduated either in
degrees of arc or directly in percentage rebound resilience. The spacing of the graduation marks shall
be such that the percentage rebound resilience can be determined to an accuracy of *1.
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For pendulums in which the restoring force is due to gravity, the rebound resilience, R, is given by

Formula (6):

_1-cosH
1—cos¢

where

0

is the rebound angle;

¢ isthe angle of drop (45°).

(6)

6.1.4

The t
that,
surfa

The t

a) T
4
a

b) T
r
a

Test piece holder

st piece holder shall hold the test piece firmly against a rigid anvil. The testpiece sh
when the pendulum is in its position of equilibrium, the striker just touches, the cent
ce of the test piece.

st piece shall be held by the following means according to the typeaeftest piece (see

ype 1 test piece shall be held by suction acting through holes inhe anvil near the per
st piece. A recommended method of holding is by applying-sdction to the back of the
pump which maintains an absolute pressure not greaterthan 10 kPa (see Figure 4).

ype 2 test piece shall be held by a cover plate acting on the front surface of the
bcommended device consists of a cover plate (see Figure 5) which clamps the edge of
hd exerting, on the front of the test piece, a force of (2 + 0,1) N produced, for example

Dimensions

1l be so held
re of the test

6.2.2).

iphery of the
test piece by

test piece. A
the test piece
by springs.

in millimetres

PL6

é

NN
N

Key

N/

\a :

1 backplate
2 testpiece holder

3 vacuum connection

Figure 4 — Example of a holder for type 1 test pieces
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Dimensions in millimetres

S (MDR
KAV VA o)

40

Key

1 testpiece
2 striker

3 indenter

4  spring

5  cover plate

Figure 5 — Example of a holder for type 2 test pieces

6.1.5 Temr)erature control

If measurements are to be carried out at a series of temperatures different from the ambient
temperature, the pendulum can be placed and operated in a suitable oven or cold chamber operating
in accordance with ISO 23529. In this case, the apparatus shall be checked for correct operation (see
6.1.6) in the range of temperatures used. Alternatively, suitable provisions shall be made for heating or
cooling the test piece holder by means of circulating fluids (see Figure 6). A heated or cooled gas curtain
over the front opening of the holder is recommended in order to ensure that the test piece is completely
surrounded by a temperature-controlled medium.

Thermocouples or other instruments shall be provided for measuring the temperature of the holder in
a position as close as possible to the test piece.

12 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=13102db1307ea78367407524f65d00a9

ISO 4662:2017(E)

Key

g o o

q

q

—-

1]

AN U1 A W DN R
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—
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6.1.6

The ¢
range
oscill
stiffn

For t}
the o5

A-A 1 A
\ l— 2
7.6
;\)i
—L \__ \\\3
/
/ 4
5 |
A

hckplate

pat shield cover

st piece

st piece holder
sulation
let/outlet for fluid

Figure 6 — Example of test piece holderwith temperature control system

Adjustment of oscillatory device

s of hardness (30 IRHD and 85JIRHD). Its motion shall be smooth and no form
htion mode, such as whip ox vibration, shall be caused by the impact because of
bss of rigid parts or a defective system of guidance.

cillatory device and-the following procedure carried out.

from
verif
such

Ensu
that

he axis of rotation of the disc in order to carry out inertial-parameter calculations
that the-machine parameters conform to the specifications in 6.1.1 and that the lin¢
s not tox¢cduse significant reactions on pivots or suspensions.

ethat the diameter of the spherical indenting surface conforms to the specificatior

that the impacting surface be a complete half-sphere.

omplete apparatus shall be repeatédly operated, impacting test pieces of rubber at{the extreme

of spurious
insufficient

e purpose of initial adjustment or periodic checking, the test piece holder shall be r¢moved from

and measure the dimensions of the moving striker and bracket and measure thgir distances

From these,
of impact is

in 6.1.1 and

is preferable

Allow the complete oscillatory device to attain its rest position. Check that this is at the zero point of
the scale and that this is the position at which impact takes place. At this point, the indenting sphere
shall be moving horizontally.

The following procedure shall be carried out where necessary to correct for frictional losses. It is
not necessary where a method of observing impact and rebound velocities is used or the logarithmic

decre

ment can be shown to be less than 0,01.
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Set the oscillatory device in motion, time its periods of oscillation and measure the successive
amplitudes (on the same side). Calculate the corresponding logarithmic decrement A by Formula (7):

Azllog
n

where

n

0
0

X

e

is the number of full oscillations considered;

Oy and Oy, are angles read on a uniform scale.

(7)

For the pres
small nonlin

If the opera

ent purposes, it is immaterial whether the scale has or has not already been corréct
parity.

fion of the instrument involves different damping conditions during the|forwar

backward impact strokes, due for example to a pawl engaging the pointer, then the-measurei

described sh

Calculate th
oscillations f

full scalg

one-half

one-qua

None of the
under 1 % c4q
suitable non

hll be carried out under both conditions and their readings averaged.

pr different amplitudes, as follows:

T4 M
scale T2 A2
"ter scale Ty Ay

alues T1, T and T4 shall differ from their average by more than 10 %. While a differe
n be neglected, a difference between 1 % and 10 % shall be taken into account by apj
inearity corrections. These shall be made by correcting the energy of the pendulum

corresponding point on the scale.

None of the v
exceed 0,03.
shall be appl
beyond the u

Calculate thd
51 = ¢) [1

where

alues A1, A7 and A4 shall differ fnromtheir average by more than 0,01 and none of then
While a value under 0,01 can be neglected, for values between 0,01 and 0,03 a corr¢
jed to the rebound results, preferably by displacing the starting point of the moving
nity resilience point by a eorresponding amount.

damping correction'dy to the angle of drop by Formula (8):
1 ]
X

eZA

1

4

i

Aj

d for

1 and
ments

e full period of oscillation, 7, and logarithmic decrement, A, “as’the averages of five

nce of

lying
at the

shall
rction
mass

(8)

is thF logarithmic decrement measured close to the angle of drop;

¢

is the angle of drop (45°).

Calculate the damping correction 67 to the rebound angle by Formula (9):

52 = 9 (1
where

0

Aj

14

1
24

1

e

1
X_
&

is the rebound angle;

is the logarithmic decrement measured close to the rebound angle.

(9)
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A more refined evaluation of the correction is in most cases unnecessary, but may be made if a detailed
analysis of energy losses is available.

6.2 Test pieces

6.2.1 Preparation

The test pieces shall have flat, smooth and parallel surfaces. They shall be prepared either by moulding
or by cutting and buffing. If test pieces are prepared by cutting and buffing, this shall be carried out in
accordance with ISO 23529. They shall be free from fabric and any other reinforcing support.

6.2.2| Dimensions

The test piece shall either be

— aldisc with a diameter of (44,6 + 0,5) mm and a thickness of (7 + 1,0) mm (type 1);
— a|cuboid measuring (8 = 0,5) mm by (8 + 0,5) mm by (4 + 0,1) mm (type)2).

The latter test piece is particularly suitable when a number of tests are being conducted fat a series of
temperatures, as thermal equilibrium is achieved in a shorter time ‘per test than when the larger and
thickér disc-shaped test pieces are used.

6.2.3| Measurement of dimensions

Checli that the test pieces meet the requirements in 6.22,using the appropriate method of heasurement
descrfbed in ISO 23529.

6.2.4| Number of test pieces

For each material, two test pieces shall be-tested.

6.2.5| Time-interval between forming and testing

Samples and test pieces shallbe protected from light and heat as much as possible during the interval
betw¢en forming (vulcanizatien or moulding) and testing.

For nprmal test purposes; the minimum time between forming and testing shall be 16 h. In cases of
arbitgation, the mininitum time shall be 72 h.

For npn-productitests, the maximum time between forming and testing shall be four weeks and, for
evaluptions intended to be comparable, the tests shall, as far as possible, be carried out after the same
time interval

For préduct tests, whenever possible, the time between forming and testing shall not exceed three
months. Tn other cases, tests shall be made within two months of the date of receipt of the product by
the purchaser (see ISO 23529).

If the preparation of the test piece involves buffing, the interval between buffing and testing shall be
not less than 3 h and not greater than 72 h.

6.2.6 Conditioning

Prepared test pieces shall be conditioned immediately before testing for a minimum period of 3 h at one
of the standard laboratory temperatures specified in ISO 23529. The same temperature shall be used
throughout any one test or series of tests intended to be comparable.
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6.3 Temperature of test

The preferred temperature of test is one of the standard laboratory temperatures specified in
ISO 23529. When other temperatures are required, these shall be selected from the list of preferred
temperatures given in ISO 23529. The tolerance limits on the temperature shall be not more than 1 °C.

Where the resilience changes quickly with temperature, the use of more temperatures at closer

intervals is recommended.

6.4 Procedure

6.4.1 Thei

If stickiness
surface only,

Ensure that
piece with s
piece holder
for it to reac
thick test pi
temperature

In tests at loy

Errors can ay
recommende
inserted intd

6.4.2 Mec]

'mal conditioning and mounting of test piece

is shown on the impacted surface, its effect shall be avoided by lightly dustingthe
for example, with talc.

he test piece and test piece holder are thoroughly clean. Wipe the reansurface of th

to the test temperature, insert the test piece and leave it in position for a sufficien
h the test temperature (see ISO 23529). A period of at least 15 min is required for 7
eces. This period can, however, be shortened by first bringing’the test piece to th
in a chamber separate from the test piece holder.

v temperatures, provision shall be made to prevent frost from forming on the test pi¢

ise if the test piece temperature is assumed to be that of the test piece holder. It is the}
d that the temperature of the test piece be meastred by means of a fine-wire thermog
the rubber in such a way that it does not intesfere with the pendulum.

hanical conditioning of test piece

After applying the prescribed thermal conditiening and mounting the test piece in the holder,

out a mecha
pendulum fr
reach a pract

6.4.3 Mea

Immediately|
and note the

NOTE w
vertical to re
results will ng

!

hical conditioning by subjecting.the test piece to a number of successive impacts
pm its release position of 452 between three minimum and seven as maximum, so
ically constant rebound amplitude.

surement

after the impactsfor mechanical conditioning, apply three more impacts to the test
three reboundwreadings.

en using¢he thin type 2 test piece, it has been found useful to release the pendulum at 25°

t necessarily equate with those obtained using a type 1 test piece.

front

e test

plvent to reduce shuffle (slight movement of the test piece during impact). Bring the test

[ time
mm-
e test

ce.

refore
ouple

carry
bf the
as to

piece

to the

uce the-energy of impact, particularly when softer rubbers are being tested. If this is done, the

6.4.4 Calculation and expression of results

Where a calibrated scale of rebound resilience is not provided, calculate the percentage rebound
resilience, R, for each test using either Formula (10) or Formula (11):

2
Rp=| 2 | x100 (10)
b
1-cos(6+6,)
Ry = %100 (11)
1-cos(¢p—64)
where

16
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Va isthe velocity after impact;

Iy, is the velocity before impact;

6 isthe rebound angle;

¢ isthe angle of drop (45°);

61 is the damping correction for angle ¢;

62 isthe damping correction for angle 6.

Expr¢ss the final percentage rebound resilience as the mean of the two individual results.

6.5

Precision

Precigion data for this method are given in Annex D.

6.6

Test report

The test report shall include the following particulars:

b)

d)

spmple details:

1) afull description of the sample and its origin;

2) compound details and cure details, where apptopriate;

3) the method of preparation of the test pieees from the sample, for example moulde
test method:

1) a full reference to the test methiod used, i.e. the number of this document and
method”;

2) the type of apparatus used'and the indentor diameter, mass and velocity;
3) the type of test piece.used;

4) the method usedto hold the test piece;

test details:

1) the laberatory temperature;

2) thetime and temperature of conditioning of the test pieces prior to testing;

3)_“the temperature of the test, and the relative humidity if necessary:;

d or cut;

‘tripsometer

4) details of any procedures not specified in this document;
test results:

1) the number of test pieces tested;

2) theindividual test results;

3) the mean result;

the date of the test.
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A1l

Annex A
(informative)

Use of non-standard test pieces

Non-standard diameter

Test pieces
53 mm, may
apparatus, p

A.2 Non-g

A.2.1 Geng

The rebound
general lowe
standard prd
made. Both 3

constant valjie of 351 kJ/m3. Test pieces may also be stacked (sée A.2.4).

A2.2 Adjy

The impact v
can easily be
the indentor

In order to b
the latter shq

While these
resilience, bg
of simplicity|
thicknesses.

A2.3 Adjy

f standard thickness but having a diameter larger than standard, up to a maxim
be tested. They will give results close to those obtained with the standard procedur
rovided an increased holding force is used (see Table A.1).

tandard thickness

bral

resilience may be measured with test pieces having a thi¢kness differing from, 3
r than, (12,5 + 0,5) mm. Such test pieces will give resultS)close to those obtained wi
cedure, provided either the adjustments described in A:2.2 or those described in A.2
re based on the principle of maintaining the apparefit’strain energy density mv2/Dd

stment of the impact velocity

elocity, v, is reduced proportionally to, the test piece thickness. This reduction in ve
obtained by changing the starting point and initial deviation of the hammer while k¢
diameter and impacting mass at theit standard values (see 5.1.1).

e able to hold thinner test pieces with the standard clamping ring, the clamping act]
uld be supplemented by the&wuse of suction (see 5.1.4).

adjustments give results which may show some discrepancies from standard r

im of
e and

nd in
th the
.3 are
12 at a

locity
eping

ion of

ound

e
cause of different strain distribution and poorer test piece holding, it has the adv;rntage

because a single-type of apparatus with minor adjustments may accommodate dif

stmentofithe indentor diameter, indentor mass and impact velocity

The indentor
to the test p
holding ring

diameter, D, the indentor mass, m, and the impact velocity, v, are all changed proporti

Ferent

bnally
1, the

ece thickness (see Table A.1). It is also necessary to change the test piece diamete

A=

).

These adjustments obviously require different sizes of apparatus to be used and, unless only a single
non-standard thickness is to be tested, are therefore more expensive. They have the important
advantage, however, of giving results very close to the standard rebound resilience.

A.2.4 Stacked test pieces

A stack, of no more than three thin test pieces of the same material, may be used to obtain a greater test
piece thickness. It is necessary that the surfaces of the test pieces be very smooth, and lateral suction
may help in ensuring their close contact.

Stacking of test pieces can introduce additional errors and should therefore be used only for comparative
measurements.
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The thermal conditioning of non-standard test pieces may be carried out as for the standard ones (see
5.4.1), but taking into account the changed dimensions (see ISO 23529).

A.4 Testreport

In addition to the data already required (see 5.6), the dimensions of the test piece and the method and
apparatus used to accommodate the non-standard dimensions should be reported.

Tahle-A-d—Recommende d-fundamental paramete heR-HSing oR-standard
dimensions in the way described in A.2.3
| Size I Size 11 Size III Size IV SizeV

Fundamental parameters
Test piece thickness (d), mm 2+0,1 4+0,2 6,3+0,3 12,5+0,5 25+1
Indenting sphere diameter (D), mm 2 +0,05 4+0,1 6,3+£0,1 12,5+0,1 25+0,2
Impagting mass (m), kg 0,056 £ 0,001 {0,112 +0,002 {0,176 +0,005| 0,35+ 0,01 0,70 £ 0,01
Impa¢t velocity (v), m/s 0,222 £ 0,005 | 0,45+0,005 | 0,71 #0,01 1,40 £ 0,01 2,8+0,02
Recommended clamping arrangement
Test piece diameter, mm

minimum 9 15 20 29 50

maximum 25 45 53 53 70
Clamping ring diameter (see Fig-
ure 4), mm

inner 5 8 12 20 36

outer 10 16 22 35 55
Force on test piece, N 50 100 150 300 600
NOTE| The holding force of 300 N for size IV applies to a maximum diameter of 53 mm, while the force jof 200 N given
in 5.1}4 applies to a maximum diametet*of 35 mm. The holding force necessary to obtain consistent valfies of rebound
resilignce is contained within a widelyvarying range, depending on the test piece dimensions and propertig¢s, the finish of
the hqlding surfaces and previous centact history. Its maximum value is limited by the possibility of excessiye deformation
of soff vulcanizates, while its minimum value is limited by the possibility of shuffle or slip.
The vqlues indicated hereareconsidered to be safe values for most ranges of the dimensions and properties|involved.
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Dimensions in millimetres
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Figure A.1 — Retaining rings for test pieces of non-standard dimensions
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Annex B
(informative)

Apparatus designs

General

Refer

confofm to this document.

B.2

The moving hammer of the Liipke pendulum is essentially a cylindrical barending in a sphe

ands

The h
the w

Detai

B.3

This i
diamsg

The d
from
energ

The ¢
and ig
which

B.4

ences are given here to designs of apparatus which, suitably dimensioned and ¢ons

Lipke pendulum

ipported by a quadrifilar suspension. This system oscillates under.the action of grav

ammer has a mass of 0,35 kg and the spherical surface has@ diameter of 12,5 mm.
ire suspension is 2 m and the initial angle is such that the-mass is raised by 0,1 m.

s of the apparatus are given in Reference [4].

Schob pendulum

s a rigid pendulum consisting of a hammerj téerminating in a spherical indenting surf:
bter, and a rod about 200 mm in length.connecting the hammer to a pivot.

imensions and masses should be:such that, when the pendulum is lifted through
its rest position and released, the iammer impacts the test piece with a velocity of
y of 0,5 ].

riginal Schob pendulum;'described in Reference [5], involves the use of a 6 mm-th

uses a 12,5-mm-thick'test piece, comes within the range of specifications in this dog

Zerbini péndulum

This

under the agtion of a taut torsion wire which is suitably connected, at its centre-point, to t
its enfds-to.fixed points.

endulum.consists of a bar having a spherical indentor fixed transversely to one end

tructed, will

rical surface
ity.
[he length of

hce 15 mm in

h right angle
P m/s and an

ck test piece

therefore outside the-range of specifications given in this document. However, a modjified version,

ument.

and rotating
he bar and at

This design, which can be constructed with a wide range of fundamental parameters, is described in
Reference [6].
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Mounting system for the disc of the tripsometer

C.1 General

This annex discusses the bearings supporting the disc in a typical tripsometer design. It is ithpgrtant
that the beaiflings are of low, constant friction to ensure that the specified parameters for the operation
of the instrument are met.

C.2 Conventional mounting system

Figure C.1 sHows a typical tripsometer design. The disc is mounted on an axle; which rests on pgirs of
rollers on each side of the disc. This system requires constant attention to{avoid increasing frictional
losses due to|lcontamination or lubrication, which would lead to changes.in/logarithmic decrement} Such
changes require recalibration, or maintenance.

Dimensions in millimetres

DL20722,5

260 +0,5

Key

1 scale 5 mounting bracket for striker
2 disc 6  testpiece holder

3  pointer 7  testpiece

4  release mechanism 8 axle

Figure C.1 — Example of a conventional mounting system for a tripsometer
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The air-bearing system was developed to allow the construction of low-maintenance instruments. Two
arrangements have been used. Either the disc is mounted on a fixed shaft with an air bearing between
the shaft and the hub of the steel disc (see Figure C.2) or the disc is rigidly mounted on a rotating axle,

which

is then mounted on a pair of air bearings, one at each end.

§

a7

NN

o4

Key

1  shaftholder

2 compressed air

3 d|scshaft

4  thin air layer between shaft'and holder
5 npzzle

Figure C.2 — Air-bearing system for steel disc
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Annex D
(informative)

Precision

D.1 Background

An interlabo
document w
to ISO/TR 92

Since the te
effectively, a
ITP. A “test
impacts) for
values per la
of participat

ratory test programme (ITP) to determine the precision of the methods specifigdii
s conducted in 2007, using the procedures and guidelines described in ISO/TR 9272.
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