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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. Esch 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, govern- 
mental 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. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 4651 was prepared by Technical Committee ISO/TC 45, 
Rubber and rubber products. 

This second edition cancels and replaces the first edition (ISO 4651 : 1979), sub-clauses 
3.1, 7.1, 7.2.1, 7.2.2, 8.2 and 9.2 of which have been technically revised. 

Annex A of this International Standard is for information only. 

0 International Organkation for Standardkation, 1988 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 4651 : 1988 (El 

Cellular rubbers and plastics - Determination of 
dynamic cushioning Performance 

1 Scope 

This International Standard specifies the procedure for deter- 
mining the dynamic cushioning Performance of cellular rubber 
materials and rigid and flexible cellular plastics, by measuring 
the peak deceleration of a mass when it is dropped on a test 
piece. The test described is intended primarily for quality 
assurance; in addition, however, since this type of test is also 
used to obtain design data, notes are given in annex A to assist 
in the latter respect. 

The method is applicable solely to materials used in packaging. 

2 Normative references 

The following Standards contain provisions which, through 
reference in this text, constitute provisions of this International 
Standard. At the time of publication, the editions indicated 
were valid. All Standards are subject to revision, and Parties to 
agreements based on this International Standard are encouraged 
to investigate the possibility of applying the most recent 
editions of the Standards listed below. Members of IEC and ISO 
maintain registers of currently valid International Standards. 

ISO 291 : 1977, Plastics - Standard atmospheres for con- 
ditioning and testing. 

ISO 471 : 1983, Rubber - Standard temperatures, humidities 
and times for the conditioning and testing of test pieces. 

ISO 845 : 1977, CelMar rubbers and plastics - Determination 
of apparent density. 

ISO 1923 : 1981, Cellular plastics and rubbers - Determination 
o f linear dimensions. 

ISO 2231 : 1973, Fabric coated with rubber or plastics - Stan- 
dard atmospheres for conditioning and testing. 

ISO 3205 : 1976, Preferred fest temperatures. 

3 Definitions 

For the purposes of this International Standard, the following 
definitions apply. 

3.1 static stress, OST: The total mass of the hammer and 
any additional masses multiplied by the gravitational accelera- 
tion g, divided by the original area of the test piece. 

3.2 peak deceleration, a: The maximum deceleration of the 
drop hammer during the impact on the test piece. In the Inter- 
national System of Units (SI), this is expressed in metres per 
second per second (m/s*). 

3.3 displacement curve : The curve describing the displace- 
ment of the impacted surface of the test piece as a function of 
time during the impact. (See annex A.) 

3.4 dynamic stress: The decelerating forte exerted by the 
material upon the drop hammer divided by the original area of 
the test piece. 

3.5 deceleration forte: The mass of the drop hammer 
multiplied by its instantaneous deceleration. 

3.6 strain: Displacement expressed as a percentage of the 
original thickness. 

3.7 dynamic compression diagram: The curve describing 
the relation between the dynamic stress (decelerating forte per 
unit area) and the strain (displacement/thickness) in the 
cushioning material during impact. The slope of this curve at a 
specified strain (dynamic compressibility) may be used as a 
characteristic constant for the given Speed of impact and the 
thickness of the test piece. (See annex A.) 

3.8 cushioning diagram: The diagram indicating both the 
peak deceleration a and the maximum value AL,,, of the 
displacement of the impact surface as a function of the static 
stress OST for the test pieces of the concerned materials having 
given thickness L,. (See annex A.) 

3.9 corrected value of peak deceleration, a,: The value 
of the peak deceleration after correction for any small deviation 
of the test piece original thickness from the Standard reference 
thickness of 50 mm. This is obtained by multiplying the 
measured peak deceleration by the original thickness divided by 
the Standard reference thickness. 

3.10 equivalent drop height, h: That drop height which, in 
conditions of free fall in vacuo under Standard gravitational 
acceleration, would result in the same impact velocity of the 
hammer as was obtained during the test. 
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The equivalent drop height, in metres, is given by the equation : 

V2 
h - 

= Q” 

v is the 
hammer ; 

impact veloci ty, in metres Per second, of the 

g” is the Standard acceleration of free fall, i.e. 
9,806 65 m/s*. 

4 Apparatus 

4.1 General 

The apparatus shall consist of a flat-based drop hammer, hav- 
ing a surface larger than the test piece, and an anvil of mass at 
least 100 times that of the drop hammer and whose face is 
parallel to the base of the drop hammer. Two basic types of 
dynamic testing equipment are in use (see figures 1 and 2). 
They are the guided vertical drop tester, in which the hammer 
drops between vertical guides on to the test piece which rests 
on the anvil, and the pendulum tester. 

The guided vertical drop tester is preferred for high deceleration 
tests and/or high static Stresses. The pendulum test is suitable 
for relatively low deceleration or low static Stresses. 

The hammer shall be fitted with a means of recording the peak 
value of deceleration on impact, with an accuracy of & 5 %, 
preferably by means of recording the deceleration time pulse on 
impact. Means shall also be available for measuring the velocity 
of the hammer, with an accuracy of + 5 %, immediately Prior 
to impact. Suitable facilities such as a digital timer capable of 
recording the time of fall over 25 mm shall also be available for 
measuring the velocity of the hammer Prior to impact with an 
accuracy of + 1 %. The measurement shall be completed, 
before impact, at a Point on the path of the hammer which is 
within 5 mm of its positon at initial impact. 

A transducer complying with the requirements of 4.2.1 shall be 
mounted centrally on the hammer in such a way that distortion 
of the transducer is avoided. The cable carrying the Signal from 
the impact transducer shall be mounted in such a way as to 
avoid excessive flexing at the transducer coupling. 

The mass of the hammer shall be adjustable in the range of 
static stress required; alternatively, several hammers may be 
used. Where hammers are adjusted by means of added masses 
it is recommended that these be added to the top surface of the 
hammer. 

lt is important that both hammer and anvil be sufficiently rigid so 
that undesirable vibrations are not recorded in the deceleration- 
time curve. The natura1 frequency of Vibration of the hammer 
shall be as high as practicable, preferably above 1 000 Hz. 

Prior to testing, the velocity of the hammer at impact shall be 
checked; the velocity shall be at least 95 % of the equivalent 
free fall velocity. The equivalent free fall velocity shall be 
calculated using the equation 

v=Jm 

where 

v is the final free fall velocity, in metres per second; 

g” is the Standard acceleration of free fall, i.e. 
9,806 65 m/s*; 

h is the measured 
the test piece. 

heig ht, in metres, of the hammer above 

CAUTION - It is essential that the drop hammer 
mechanism is such that the safety of the Operator is 
assured when test pieces are placed on the anvil, and 
some form of safety interlock is recommended. 

4.2 Recording equipment 

The means of recording the deceleration-time pulses shall con- 
sist of a transducer, means of amplification, and recorder. 
Transducers generally are either piezoelectric or strain gauge 
types. The selection of specific recording equipment is op- 
tional. However, all recording equipment (including both 
transducer and recorders) shall have a frequency response ade- 
quate to measure the peak deceleration to an accuracy of 
+ 5 %. The deceleration-time pulse obtained is usually a tran- - 
sient pulse approximating, on flexible foams, to a sinusoidal 
half-wavelength (half-sine) at low cushion displacements and 
becoming triangular or even spire-like, as illustrated in figure 3, 
for impacts producing high cushion displacements. On rigid 
foams, which crush on compression, the acceleration-time 
pulse may approximate to a steeply rising initial section, fol- 
lowed by a constant (or approximately constant) level before 
decreasing. The range of frequency response needed to 
measure these transient pulses is wider than might be an- 
ticipated. lt is important, therefore, that the following re- 
quirements should be borne in mind in respect of the main 
elements of the recording equipment. 

4.2.1 Transducers 

Generally, these are either the piezoelectric or of the strain 
gauge type. Piezoelectric decelerometers have little inherent 
damping and, if the frequency of resonance is too low, they 
tan be caused to resonate by the decelerating pulse, so pro- 
ducing overshoot errors. In general, these may be avoided by 
ensuring that the natura1 period of Vibration of the transducer is 
less than 1/20 of the duration T of the deceleration pulse. 
However, for half-sine pulses or for pulses with a rapid initial 
rise, it is sufficient that the natura1 period of Vibration is less 
than l/lO of the pulse duration or 1/6 of the rise time of the 
pulse respectively. 

Strain gauge or inductive decelerometers have higher inherent 
damping (between 0,4 and 0,7 of critical). To obtain an 
accuracy of better than 5 % in the measurement of peak decel- 
eration, the decelerometer shall have a natura1 period of vibra- 
tion of less than 1/3 of the pulse duration for half-sine or 
triangular pulses. For pulses with a rapid initial rise, the natura1 
period shall be less than 1/6 of the rise time. A piezoelectric 
transducer of the annular shear type whose reactive elements 
are isolated from the mounting with a top connection is recom- 
mended. 
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Piezoelectric decelerometers do not respond to sustained 
Signals and the low-frequency response depends on the suc- 
ceeding patt of the amplifier System. If the next Stage is a 
cathode follower, the time-constant of the input circuit of the 
cathode follower, combined with that of the transducer, con- 
trols low-frequency response. To record peak decelerations to 
within 5 % on half-sine pulses, the time-constant shall be at 
least seven times the pulse duration T. For Square-type pulses, 
the corresponding value shall be 20 T. 

If the following Stage is a Charge amplifier, then the response to 
continuous sine-waves shall not be reduced by more than 5 % 
at a frequency of 1/22 Tfor 5 % errors on half-sine pulses. The 
corresponding frequency for Square pulses is 1/50 T. 

These figures, for the frequency at which the response to con- 
tinuous sine-waves is reduced by 5 %, tan be used also for any 
amplifying System where a.c. coupling is employed. 

4.2.2 Recorders 

The high-frequency response of cathode ray oscilloscopes is 
usually adequate. For galvanometer oscillographs, high- 
frequency response may be limited, and, as these devices are 
usually damped to 0,4 to 0,7 of critical, the galvanometer 
oscillograph should have a natura1 period of Vibration of less 
than 1/3 of the pulse duration for half-sine or triangular pulses. 
Oscilloscopes, and other recorders using a.c. amplifiers, tan 
have inadequate low-frequency response, and the considera- 
tions outlined above concerning Charge amplifiers shall be 
followed. lt is possible for direct pen recorders to have inade- 
quate response due to the inertia of the recording pen. lt may 
be necessary to restritt the high-frequency response of the 
recorder in Order to attenuate spurious output Signals 
originating from mechanical resonance within the test equip- 
ment. The upper frequency shall be kept as high as possible, 
compatible with adequate attenuation of spurious Signals. The 
minimum requirement is no more than 5 % attenuation at a fre- 
quency equivalent to twice the expected frequency. 

Pulse durations and rise times depend on the type of material 
being tested and the conditions of test. For 50 mm thick test 
pieces, pulse durations on flexible foam in the range of 10 ms 
to 25 ms have been reported. For rigid materials, pulses may be 
short with rise times of the Order of 2 to 5 ms. Peak reading 
meters tan be used to obtain more accurate measurements of 
the deceleration on impact. 

5 Test pieces 

5.1 Shape and dimensions 

shall The test piece 
dimensions : 

be a 

- length 

right parallelepiped with the following 

150mm + 5mm 

- width 15Omm + 5mm 

- thickness 50mm + 5mm 

The test piece shall be tut by any suitable means which does 
not alter the dynamic characteristics, for example a band-saw 
or a sharp knife. Hot wire shall not be used for cutting test 
pieces. 

The differente in the mean thickness between the test pieces in 
a set of ten shall not be greater than 2 mm. The dimensions 
shall be measured in accordance with ISO 1923. The thickness 
of the test piece may be achieved by plying up not more than 
two sheets not less than 20 mm thick and of the same orienta- 
tion with respect to any known direction of anisotropy. 

5.2 Uniformity 

The density of each test piece shall not vary by more than 
+ 1 0 % from the average density of a set of 10 test pieces. 

5.3 Orientation during testing 

Test pieces tut from finished articles shall be tested so that the 
direction of dynamic stress corresponds with that of the 
dynamic stress to which the material is subjected in the finished 
article. If this is not possible, the relation of the direction of the 
principal dynamic stress in the finished article to that of the test 
direction shall be stated in the report. 

5.4 Number 

A total of at least ten test pieces shall be tested. 

6 Pre-conditioning and test conditions 

Samples shall be tested not less than 72 h after manufacture. 
Prior to testing, the test pieces shall be conditioned for at least 
16 h in accordance with ISO 291, ISO 471 or ISO 2231, as 
appropriate. In cases of dispute, one set of conditions shall be 
agreed upon, preferably 23 OC -f- 2 OC and 50 % & 5 % relative 
humidity. 

The conditioning period may form the latter part of the 72 h 
following manufacture. The tests shall be carried out under the 
same conditions unless otherwise agreed between supplier and 
purchaser. 

7 Procedure 

7.1 General 

Record the original thickness of the test pieces, determined 
as indicated in 5.1. Measure the density of each test piece in ac- 
cordante with ISO 845. Ensure that the drop hammer is in a 
safe Position. 

Place the 
the drop 

and test piece on the anvil of the apparatus, 
hammer to impact on the test piece. 

prepare 

Impact the test piece three times at intervals of 60 s -1: 15 s, 
using a fixed predetermined velocity and static stress as 
specified in 7.2 and 7.3 respectively. Measure the peak 
deceleration of the drop hammer on the first and third impacts. 
Esch test piece shall be used for only one particular combina- 
tion of static stress and impact velocity. 

After the test piece has been subjected to the three impacts, 
allow it to recover for 5 min and remeasure its thickness. 
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Figure 1 - Typical arrangement of drop hammer apparatus for determination of dynamic cushioning Performance 
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Figure 2 - Typical arrangement of pendulum apparatus for determination of 
dynamic cushioning Performance 
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Figure 3 - Deceleration time pulses 
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7.2 Impact velocity 8.2 Peak deceleration 

Use two velocities, corresponding to free fall under gravity 
from heights of 250 mm and 750 mm; a drop height of 
1 250 mm may also be used. Esch impact shall meet the 95 % 
free fall requirement given in 4.1. Any impact which fails to 
meet this requirement shall be discarded. 

The corrected value of peak deceleration 
of Standard acceleration of free fall, is g 

a C' 
iven 

expressed in units 
by the equation 

L 
a, = 

% OX -am 
0 Ls va 

7.3 Static stress 

At each impact velocity, five different static Stresses shall be 
Chosen by agreement between purchaser and supplier, such 
that one static stress gives approximately the minimum peak 
deceleration on impact, and the remaining four static Stresses 
are distributed above and below this value, corresponding to 
approximately 10 and 20 % increases in peak deceleration. 

L, is the original thickness, in millimetres, of the test 
piece ; 

Ls is the Standard reference th 
the test piece (50 mm); 

in millimetres 1 of 

v” is the nominal velocity, in metres per second; 
For particular materials, the number of static stress values 
Chosen may be reduced to two, corresponding to the + 10 % 
value. This may be agreed between purchaser and supplier if 
previous testing has shown that significant changes in the per- 
formante of the cushion will be detected by this reduced 
testing . 

‘a is the actual velocity, in metres per second; 

arn is the measured value of peak 
Standard acceleration of free fall. 

deceleration, in units of 

9 Test report 

8 Expression of results 
The test report shall include the following pat-ticulars: 

a) a reference to this International Standard; 8.1 Residual set 

b) a description of the material; 
The residual set after impact of the 
percentage, is g iven by the formula 

test piece, expressed 
Cl the direction of testing with 
an isotropy sf the original material ; 

respect to any 

Lo - Lv 
( > 

x 100 
Lt3 

d) the test conditions, 
testi ng machine used; 

with a brief indication of the drop 

e) the static stress used, test piece thickness 
responding corrected deceleration values; 

and the cor- where 

L, is the original thickness, in millimetres, of the test 
piece ; the residual set after impact ; 

9) whether the test pieces were plied or not; 
L, is the thickness, in millimetres, of the test piece after 
impact. hl number of drops, and drop height. 
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Annex A 
(informative) 

Use of dynamic cushioning Performance to obtain design data 

This annex provides guidance on the use 
specif ied by this International Standard. 

of the method of test 

A.l Presentation of data 

Data obtained using to this method of test and intended 
for design purposes may be presented in any of the following 
manners. 

A.l.l Deceleration-static stress diagram, in which the 
peak deceleration a (m/s*) is plotted against the static stress 
aST (kPa) : 

- for a specified number of consecutive drops in accord- 
ante with 7.1 or A.2.5 on a test piece of given thickness ac- 
cording to A.2.1 and an impact velocity or equivalent drop 
height according to 7.2 or A.2.2; 

- for a number of test pieces of varying thickness 
selected in accordance with A.2.1 and an impact velocity or 
equivalent drop height according to 7.2 or A.2.2; 

- for a test piece of given thickness in accordance with 
A.2.1 and a series of selected impact velocities or equivalent 
drop heights according to 7.2 or A.2.2. 

A.1.2 Cushioning diagram, which is similar to the 
deceleration-static stress diagram (see A. 1. l), with the addition 
that for each set of measurements the maximum displacement 
ALrnax (mm) is also plotted on the same diagram as a function 
of the static stress OST. An example of a cushioning diagram is 
shown in figure A.I. 

A.1.3 Dynamit compression diagram, in which the 
dynamic stress 0 DYN (kPa) is shown as a function of the 
relative compression AL max/Lo of the test piece expressed as 
such or as a percentage. The caption of the diagram should 
state the original thickness L, (mm) of the test piece and the 
selected impact velocity or equivalent drop height respectively. 

A.2 Test requirements for design data 
acquisition 

The dimensions for test pieces Chosen for this method are 
believed to reduce Variation due to size to acceptable values. 

For design purposes, the thickness, if the information is 
available, should be Chosen to represent the finished article. In 
other cases and for the acquisition of comprehensive design 
data for a particular cellular material, in addition to, or in place 
of, the stipulated Standard thickness of 50 mm + 5 mm, one 
or more of the following thicknesses should be Chosen: 

10 mm, 25 mm, 50 mm, 75 mm, 100 mm and 125 mm 

NOTE - The dynamic cushioning Performance of a free cushion may 
not be comparable with that of a restricted cushion. In a packaging ap- 
plication, the peak deceleration may be affected by indentation of the 
cushion, friction against the sides of the cushion and distortion of the 
outer Container. 

A.2.2 Impact velocity or equivalent drop height 

The two velocities Chosen for the method of test specified are 
intended to cover the majority of applications and to show the 
differentes in Performance of a cellular material under low and 
high initial strain rates. 

For design data acquisition, and depending on the final applica- 
tion, other velocities or equivalent drop heights may be 
necessary. For velocities outside the range covered by the two 
stated in this method, it is necessary that at least the same 
testing machine Performance be achieved. 

A.2.3 Statk StreSS OST 

The most likely range of static Stresses for design purposes 
would be from 0,5 kPa to about 15 kPa, thus covering most 
cellular materials representing potential cushioning materials. lt 
is recommended that, for this range, at least six static Stresses 
be employed. 

A.2.4 Displacement measurement 

For the preseniation of design data in accordance with A.1.2 
and A.1.3, a device to record the displacement of the hammer 
as a function of time or of deceleration of the hammer is re- 
quired. 

A.2.5 Number of drops 
A.2.1 Significance of test piece size 

The size (and shape) of the test piece is known to influence the 
values of peak deceleration, particularly with partially or 
dominantly open-cell foams. The correction procedure is not 
applied to specimens lying outside the Standard tolerante on 
thickness. 

For most practical applications, first and third drop perform- 
ances are adequate. The Change of peak deceleration with five 
impacts may, however, be needed to give sufficient protection 
in distribution Systems undergoing repeated transport. In such 
cases, it is recommended that the first and fifth drop perform- 
ances be measured and reported or, alternatively, that compre- 
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hensive data be presented in the form of the deceleration-static 
stress diagram according to A.l .l, showing the first drop perfor- 
mance and the average of the four succeeding drop performances. 

A.2.6 Temperature 

For design purposes, performante over a temperature range from 
- 40 OC to + 55 OC may be required. The appropriate test tempe- 
rature should be,chosen from those given in ISO 3205. Parts of the 
testing apparatus which contact the test piece should be capable 
of functioning unimpaired at these temperatures. 

A.2.7 Humidity 

Where data on the Performance of a particular cellular material 
under tropical conditions are required, or where exposure of a 
finished article to such conditions is envisaged, the recom- 
mended test conditions are 40 OC + 2 OC and 90 % + 5 % 
relative humidity. 

NOTE - In certain cases, extended conditioning to ensure uniform 
distribution of moisture throughout the test piece may be necessary. 
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Figure A.l - Example of a cushioning diagram 
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