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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  l iaison with  ISO,  also take part in  the work.  ISO
collaborates closely with  the International  Electrotechnical  Commission
(IEC)  on  al l  matters of electrotechnical  standardization.

Draft International  Standards adopted by the technical  committees are
circulated to the member bodies for voting.  Publ ication  as an  International
Standard requires approval  by at least 75 % of the member bodies casting
a vote.

International  Standard ISO 1 3753 was prepared by Technical  Committee
ISO/TC 1 08,  Mechanical  vibration  and shock,  Subcommittee SC 4,  Human
exposure to mechanical  vibration and shock,  in  close collaboration  with
CEN/TC 231 ,  Mechanical  vibration  and shock.

Annex A forms an integral  part of this International  Standard.  Annexes B to
F are for information  only.
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Introduction

This International  Standard was developed in  response to the growing
demand to protect people from the risks of vibration  damage caused by
exposure to hand-transmitted vibration.

Various standards refer to measurement and assessment of risk to
vibration exposure and to methods of type testing  specific tools and
processes.

Resi l ient materials are used to cover handles and make gloves.  I t is  hoped
that both  of these wil l  reduce the magnitude of the vibration  exposure.  This
International  Standard describes a method of measuring  the vibration
attenuation  of a sample of the material  in  the form of a flat sheet or layer.
In  some cases the material  may be of two or more layers forming  a sheet.
I t is  a laboratory measurement and offers a reproducible and rel iable
procedure.

This International  Standard assumes that the material  behaves in  a l inear
way and that i t has negl igible mass compared with  the mass loading.  (A
correction could  be made for the material  mass i f required. )  The method
determines the impedance of the material  when loaded by a mass
providing  a compression  force equivalent to that found when the material  is
gripped by the hand.  This is done by measuring  the transfer function of the
mass-loaded material  at al l  the required frequencies.  The vibration
transmission  when loaded by the hand is computed using  standard values
of hand-arm impedance and the measured values of the material
impedance.  The impedances used in  this International  Standard are for the
palm of the hand when gripping  a circular handle.  The resulting
transmissibi l i ty may not be applicable to the fingers.  The impedance for the
zh  d irection of the hand-arm system where the material  is  under
compression  is used.  The mathematical  basis of the method is contained in
annex B.

I f the results of this measurement procedure show transmissibi l i ties greater
than 0,6 at al l  frequencies up to 500 Hz,  then the material  would probably
not provide greater attenuation in  the practical  situation  in  the same
frequency range.  In  the practical  situation,  the transmissibi l i ty as a function
of frequency should be appropriate to the frequency spectrum of the
source.
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1

Mechanical  vibration and shock — Hand-arm vibration — Method
for measuring  the vibration transmissibility of resil ient materials
when loaded by the hand-arm system

1    Scope

This International  Standard specifies a procedure to determine the vibration  transmissibi l i ty of a resi l ient material
when loaded by the hand-arm system.

The method is applicable to al l  materials which behave in  a l inear way.  I t is  expected that this is realized in  most
elastic foam and rubber materials and,  provisionally,  in  woven cloths.  The method can be applied to mixed systems,
e.g.  a cloth  material  attached to a foam or rubber base.

I t is  expected that the results of this laboratory test wi l l  be used in  screening  materials used for vibration  attenuation
on the handles of tools and for gloves.  This wi l l  enable rank ordering  of materials for g loves,  but wi l l  not necessari ly
predict the transmissibi l i ty of the gloves fabricated from these materials (for this purpose,  see ISO 1 081 9).

2   Normative references

The fol lowing  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.  Al l  standards are subject to
revision,  and parties to agreements based on  this International  Standard are encouraged to investigate the
possibi l i ty of applying  the most recent editions of the standards indicated below.  Members of IEC and ISO maintain
registers of currently val id  International  Standards.

ISO 2041 :1 990,   Vibration  and shock — Vocabulary.

ISO 5349:1 986,   Mechanical  vibration  — Guidelines for the measurement and the assessment of human exposure
to hand-transmitted vibration.

ISO 5805:1 997,   Mechanical  vibration  and shock — Human exposure — Vocabulary.

ISO 1 0068:—1 ) ,   Mechanical  vibration  and shock — Free,  mechanical  impedance of the human hand-arm system at
the driving  point.

3   Definitions

For the purposes of this International  Standard,  the definitions given in  ISO 2041 ,  ISO 5349 and ISO 5805 apply.

NOTE   For hand-transmitted vibration,  see ISO 5805.  For transmissibi l i ty,  see ISO 2041 .

___________

1 )    To be publ ished.
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2

4   Symbols

The fol lowing  symbols are used:

a1 acceleration  measured on  the shaker

a2 acceleration  measured on  the mass m  loading  the material

real subscript used to denote the real  part of a complex quantity

imag subscript used to denote the imaginary part of a complex quantity

   denotes modulus of a complex quantity

m mass loading  the resi l ient material

T transmissibi l i ty

ZM impedance of the resi l ient material

ZH impedance of the hand-arm system.  This value is obtained from ISO 1 0068 (see annex A).

w angular frequency

j denotes the square root of minus one

Ai ( jw)  or in  short Ai :  Fourier transform of ai .

EXAMPLE:

( )
( )

A

A

1

real

j

j

w

w2









 denotes the real  part of the complex ratio A1 ( jw)  and A2( jw) .

5   Principle

The method uses a vibration  excitation  system (shaker)  on  which  the resi l ient material  is  placed with  the loading
mass m  on  the top.  Accelerometers measure the vibration on  the shaker,  a1 ,  and the vibration  of the mass m,  a2.
The shaker may be driven by a wide-band random signal  or a sinusoidal  signal.

6   Measuring  equipment

6.1    General  requirements

A frequency analyser (preferably twin-channel) ,  two transducers and two channels of measuring  equipment are
required.

The measuring  setup is shown in  figure 1 .

6.2   Acceleration transducers and preamplifiers

The transducers (accelerometers)  and preamplifiers chosen shal l  be suitable for the frequency range 5 Hz to
1  000 Hz.  An  overload indication  shal l  be provided.

6.3   Transducer mounting

The two transducers shal l  be rigidly mounted to flat surfaces on  the shaker and the loading  mass m.  The mounting
may be achieved using  a screw,  glue or beeswax.  The mounting  shal l  be such that the transfer function  between
the two transducers is unity up to at least 1  000 Hz without the material  sample.
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Key

1    Mass m

2   Resi l ient material

3   Shaker

Figure 1  — Measurement setup

7   Test sample and mass m

The sample shal l  be flat and of constant thickness,  containing  a circular area of at least 45 mm radius.  The sample
should not spread over the edge of the shaker table.  A circular cyl inder of metal  (e.g.  steel) ,  with  radius 45 mm and
mass 2,5 kg  shal l  be used to load the resi l ient material .

8   Measurement procedure

8.1    Measure simultaneously the accelerations a1  and a2,  measured on  the shaker and on  top of the mass m.

8.2    The shaker may be excited using  a wide-band random signal.  The power spectral  density should be constant
within  ±1 0 % between 1 0 Hz and 500 Hz with  a magnitude of at least 2,5 ¥  1 0-2  (m/s2)2/Hz.

8.3    Alternatively,  the shaker may be excited by sinusoidal  signals.  The excitation  magnitude a1  should be at least
1  m/s2.

NOTE   The coherence function  of the two signals should  be measured at each  frequency and should  be greater than  0,95,
although  i t may fal l  lower than  this value at the resonance frequency.

8.4    Measurement of the ratio A1 /A2  shall  be performed (in  terms of both  modulus and phase or in  terms of real  and
imaginary parts)  at each frequency.  This ratio is a complex function.

8.5    For the purpose of the test report,  measurement of transmissibi l i ty should  be made at the one-third-octave
band centre frequencies between 50 Hz and 500 Hz.  I t is  recommended to measure at lower frequencies,  down to
1 0 Hz,  i f possible.

9   Evaluation of results

First determine the material  impedance ZM  and use this value with  the hand-arm impedance ZH  to determine the
transmissibi l i ty.
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9.1    Determination of material  impedance ZM

The material  impedance is calculated using  equation  (1 ) :

Z
m

A

A

M
j=









 −

w

1

2

1

.  .  .  (1 )

9.2   Determination of the transmissibility T

The transfer function  A2/A1  when the material  is  loaded by the hand-arm system is the required vibration
transmissibi l i ty.  This is calculated using  ZM  obtained in  9.1 ,  and the values of ZH  which are obtained from ISO 1 0068
(see annex A):

T
Z

Z Z
=

+
M

H M

.  .  .  (2)

NOTE   Equations (1 )  and (2)  contain  complex quanti ties.  The fu l l  evaluation  of these equations is g iven  in  annex C.  Examples
of calculations of the transmissibi l i ty T are shown in  annex D.

9.3   Accuracy of measurement of the transmissibil ity T

The accuracy (repeatabi l ity)  of the measured transmissibi l i ty is  expected to be about 1 0 %.  This wi l l  depend on the
l inearity of the sample,  the accuracy of the impedance value ZH  and other measurement parameters (see annex E).

NOTE 1    The accuracy of the measured transmissibi l i ty of non-l inear material  can  be much higher than  1 0 %.

NOTE 2   The tolerances of the shaker and the measurement instrumentation  can  also produce variations in  results.

1 0   Test report

The test report shall  contain  the fol lowing:

a) a reference to this International  Standard;

b) name and address of material  manufacturer;

c) description  of material  including  thickness,  dimensions,  mass and type of material;

d) number of samples tested;

e) name and address of testing  laboratory and date of test;

f) description  of measuring  system;

g) type of excitation  signal  (sinusoidal  or random)  and i ts characteristic data;

h) environmental  conditions including  temperature and humidity;

i ) values of transmissibi l i ties at frequencies (in  hertz):

50,  63,  80,  1 00,  1 25,  1 60,  200,  250,  31 5,  400,  500

and if possible at 1 0,  1 2,5,  1 6,  20,  25,  31 ,5 and 40.
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Annex A
(normative)

Values of the hand-arm impedance ZH

Table A.1  g ives the values of ZH  taken from ISO 1 0068.  They are quoted in  terms of modulus and phase and also in
terms of the real  and imaginary parts which  are used in  the evaluation  of the transmissibi l i ty T.

Table A.1  — Values of the hand-arm impedance ZH

Frequency Modulus

ZH

Phase Real  part
(ZH)real

Imaginary part

(ZH) imag

Hz N ◊s/m degrees N ◊s/m N ◊s/m

1 0 1 56 30 1 35,1 78

1 2,5 1 70 28 1 50,1 79,8

1 6 1 85 24 1 69 75,2

20 1 98 1 9 1 87,2 64,5

25 21 0 1 5 202,8 54,4

31 ,5 225 8 222,8 31 ,3

40 228 1 228 4

50 21 0 -  4 209,5 -  1 4,6

63 1 81 -  6 1 80 -  1 8,9

80 1 61 -  3 1 60,8 -  8,4

1 00 1 65 2 1 64,9 5,8

1 25 1 80 8 1 78,2 25,1

1 60 1 90 1 4 1 84,4 46

200 205 1 8 1 95 63,3

250 221 1 9 209 72

31 5 236 20 221 ,8 80,7

400 251 20 235,9 85,8

500 270 23 248,5 1 05,5
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Annex B
(informative)

Mathematical  basis for the measurement of the vibration transmissibility
of resilient materials

B.1    Evaluation

The material  is  compressed using  a mass of 2,5 kg  over an  area with  a 45 mm radius.  The transfer function  is
measured using  transducers on  the mass and on  the base.  The material  impedance is evaluated.

( )
( )

A

A

1

2

j

j

w

w

 is  a complex function.

At a single frequency there is 
( )
( )

A

A

1

2

j

j

w

w

= magnitude  ¥  [cos(phase)  +  j  sin (phase) ]

where

magnitude is the magnitude of the ratio denoted by A1 /A2;

phase is the phase difference between A1  and A2.

The impedance of the material  is then obtained using  the impedance of the mass and the complex function  A1 /A2:

Z
m

A

A

M
j=









 −

w

1

2

1

The transfer function  when the material  is loaded by the hand-arm system is then computed

T
Z

Z Z
=

+
M

H M

where ZH  is  the hand-arm impedance.

B.2   Theoretical  basis

Key

1    Mass m

2   Resi l ient material  of impedance ZM

a x

a x

2 2

1 1

=
=

where x2  and x1  are displacements.

Figure B.1  — Theoretical  model  with  mass m
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Assuming  the material  has negl igible mass:

( )mx Z x x2 2 1= − −M

(Newton's 2nd law)  from which

Z
m

A

A

M
j=









 −

w

1

2

1

When gripped by the hand the model  becomes as shown in  figure B.2.

Key

1    Hand-arm impedance ZH
2   Resi l ient material  of impedance ZM

Figure B.2 — Theoretical  model  with  hand-arm impedance ZH

Again  assuming  the material  has negl igible mass:

( )Z x Z x xH M2 2 1= − −

from which

T
x

x

Z

Z Z
= =

+
2

1

M

H M
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Annex C
(informative)

Full  evaluation of equations (1 )  and (2)

This annex shows equations (1 )  and (2)  of clause 9 in  their ful l  form showing  the real  and imaginary parts.

Z
m

A

A

A

A

M

real imag

j

j

=








 − +











w

1

2

1

2

1

so that

( )Z

m
A

A

A

A

A

A

M real

imag

real imag

=

















 −













+










w
1

2

1

2

2

1

2

2

1

( )Z

m
A

A

A

A

A

A

M imag

real

real imag

=







 −



















 −













+










w
1

2

1

2

2

1

2

2

1

1

and

( ) ( ) ( ) ( )
T

A

A

Z

Z Z

Z

Z Z Z Z Z Z

= =
+

=
+ + +





2

1

2

2 2
2

M

H M

M

H M H real M real H imag M imag
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Annex D
(informative)

Examples of calculations of the transmissibility T

Table D.1  gives some calculations showing  how the transmissibi l i ty T is  evaluated from values of A1 /A2  (both
magnitude and phase)  together with  the values of the hand-arm impedance given in  annex A.

Table D.1  — Calculations of the transmissibility T

Frequency f 1 00 Hz 250 Hz

Angular frequency  w 200p  s-1 500p  s-1

Mass m 2,5 kg 2,5 kg

A

A

1

2

= 0,6 2,5

Phase 60° 1 40°

A

A

1

2







 =
real

0,3 -  1 ,92

A

A

1

2







 =
imag

0,52 1 ,61

A

A

A

A

1

2

2

1

2

2

1








 −













+








 =

real imag

0,76 1 1 ,1

(ZM)real 1  074 N ◊s/m 569,6 N ◊s/m

(ZM) imag -  1  446 N ◊s/m -  1  029,5 N ◊s/m

ZM
2

3,24 ¥  1 06  (N ◊s/m)2 1 ,38 ¥  1 06  (N ◊s/m)2

(ZH)real 1 64,9 N ◊s/m 209 N ◊s/m

(ZH) imag 5,8 N ◊s/m 72 N ◊s/m

ZH
2

27 225 (N ◊s/m)2 48 841  (N ◊s/m)2

T 0,95 0,95
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Annex E
(informative)

Influences on the measurement results

The dynamic characteristics and the behaviour of the sample is strongly influenced by the test conditions (e.g.
humidity,  temperature,  shape of the sample)  and the properties of the test material  (e.g.  ageing,  non-l inearity) .

In  the fol lowing  cases,  special  caution  may be appropriate when evaluating  the results:

— a moisture absorption  rate of more than 5 %;

— a transition  temperature between 0 °C and 33 °C.

Material  ageing  has a large effect on  the properties of the sample.  Additional  tests on  older material  samples may
be necessary in  order to estimate i ts long-term protective effect.
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Annex F
(informative)
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