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Introduction

ISO 13753:1998(E)

This International Standard was developed in response (to
demand to protect people from the risks of vibration damag
exposure to hand-transmitted vibration.

Various standards refer to measurement and\ ‘assessmer]

the growing
e caused by

t of risk to

vibration exposure and to methods of type'testing specific tools and

processes.

Resilient materials are used to cover hanhdles and make glove
that both of these will reduce the maghitude of the vibration e
International Standard describes’@ method of measuring

S. It is hoped
posure. This
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 forr
It is a laboratory measurement and offers a reproducible
procedure.

This International Standard assumes that the material behav
way and that it-has negligible mass compared with the mas
correction could be made for the material mass if required.)
determines<the impedance of the material when loaded

hing a sheet.
and reliable

Bs in a linear
5 loading. (A
The method
by a mass
he material is

providing a compression force equivalent to that found when t
gripped by the hand. This is done by measuring the transfer f
mass=loaded material at all the required frequencies.
transmission when loaded by the hand is computed using st
of hand-arm impedance and the measured values of

nction of the
he vibration
dard values
he material

impedance. The impedances used in this International Standakrd are for the
palm of the hand when gripping a circular handle. The resulting
transmissibility may not be applicable to the fingers. The impeflance for the
Z, direction of the hand-arm system where the materfal is under
compression is used. The mathematical basis of the method i contained in
annex B.

If the results of this measurement procedure show transmissililities greater
than 0,6 at all frequencies up to 500 Hz, then the material wguld probably
not provide greater attenuation in the practical situation [n the same

frequency range. In the practical situafion, the transmissibility as a function
of frequency should be appropriate to the frequency spectrum of the
source.


https://standardsiso.com/api/?name=6575063b0ccad6721e173fb548eb7b31



https://standardsiso.com/api/?name=6575063b0ccad6721e173fb548eb7b31

INTERNATIONAL STANDARD ©1SO

ISO 13753:1998(E)

Mechanical vibration and shock — Hand-arm vibration — Method

for me
when |

1 Scop

oaded by the hand-arm system

D

This Inter

when loaded by the hand-arm system.

The meth
elastic foa

e.g. a cloth material attached to a foam or rubber base.

It is expec
on the har
predict the

2 Norm

The follow
Internation

revision, and parties to agreements.based on this International Standard are encouraged to in

possibility
registers @

ISO 2041

ISO 5349:

ISO 5805:

ational Standard specifies a procedure to determine the vibration transSmissibility of a res

d is applicable to all materials which behave in a linear wayItyis expected that this is red
M and rubber materials and, provisionally, in woven cloths. The method can be applied to mi

fed that the results of this laboratory test will be used-ir’screening materials used for vibratio
dles of tools and for gloves. This will enable rank ordering of materials for gloves, but will ng
transmissibility of the gloves fabricated from these materials (for this purpose, see 1SO 1081

ative references

ing standards contain provisions which, through reference in this text, constitute provi
al Standard. At the time of publication, the editions indicated were valid. All standards a

of applying the most recent editions of the standards indicated below. Members of IEC and
f currently valid International Standards.

1990, Vibration-and shock — Vocabulary.

1997, *Mechanical vibration and shock — Human exposure — Vocabulary.

lient material

ized in most
ked systems,

n attenuation
t necessarily
9).

Sions of this
re subject to
estigate the
ISO maintain

1986, Mechanical vibration — Guidelines for the measurement and the assessment of hunan exposure
to hand-transmitted vibration.

ISO 10068:—1), Mechanical vibration and shock — Free, mechanical impedance of the human hand-arm system at
the driving point.

3 Defin

itions

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 transmissibility, see ISO 2041.

1) To be published.
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4 Symbols

The following symbols are used:

a1 acceleration measured on the shaker

a acceleration measured on the mass mloading 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

od denotes modulus of a complex quantity

m mas$ loading the resilient material

trangmissibility

Zy impedance of the resilient material

ZH impedance of the hand-arm system. This value is obtained from ISO 10068 (séejannex A).
0] angdlar frequency

j dengtes the square root of minus one

Aj (jow) or in short A;: Fourier transform of g; .

EXAMPLE:

(jo) O

(—)D denotes the real part of the complex ratio;A;(jw) and Ax(jw).
@ Heal

1.2

¥

5 Principle

The method |uses a vibration excitation system (shaker) on which the resilient material is placed with the loading
mass m on the top. Accelerometers measure the vibration on the shaker, aj, and the vibration of the mass m, a,.
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 shall be suitable for the frequency range 5 Hz to
1 000 Hz. An overload indication shall be provided.

6.3 Transducer mounting

The two transducers shall 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 shall 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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a2

1
2 [
3 |
Key
1 Massm
2 Resilienf material
3 Shaker

Figure 1 — Measurement setup

7 Test sample and mass m
The sample shall be flat and of constant thickness, containing a circular area‘of at least 45 mm radius| The sample

should nof spread over the edge of the shaker table. A circular cylinder of<thetal (e.g. steel), with radius 45 mm and
mass 2,5 kg shall be used to load the resilient material.

8 Meadurement procedure
8.1 Measure simultaneously the accelerations a; and-ayg; measured on the shaker and on top of the njass m.

8.2 The shaker may be excited using a wide-band random signal. The power spectral density should be constant
within +10|% between 10 Hz and 500 Hz with atnagnitude of at least 2,5 x 10~2 (m/s2)2/Hz.

8.3 Alterpatively, the shaker may be exeited by sinusoidal signals. The excitation magnitude a; 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 it nay fall lower than thig-valde at the resonance frequency.

8.4 Measurement of the ratio A;/A; shall be performed (in terms of both modulus and phase or in ternps 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 transmissibility should be made at the ong-third-octave
band centfe frequencies between 50 Hz and 500 Hz. It is recommended to measure at lower frequengies, down to
10 Hz, if ppssible.

9 Evaluation of results

First determine the material impedance Zy; and use this value with the hand-arm impedance Zy to determine the
transmissibility.
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9.1 Determination of material impedance

Zy

The material impedance is calculated using equation (1):
jom
Zag =
M oA O .
O, O
e O

9.2 Determination of the transmissibility

T

©1SO

(1)

The transfen
transmissibili
(see annex A

NOTE Equat
of calculations

9.3 Accurg

The accurac
linearity of th

NOTE 1 The

NOTE 2 The

10 Test r¢

The test repd

ty. This is calculated using Zy, obtained in 9.1, and the values of Zy which are obtained ffom

):

M
o

ons (1) and (2) contain complex quantities. The full evaluation of these equations is given in annex Q
of the transmissibility T are shown in annex D.

T

(repeatability) of the measured transmissibility is expected to be about 10 %. This will dep
e sample, the accuracy of the impedance value Zy and’other measurement parameters (see

Icy of measurement of the transmissibility

accuracy of the measured transmissibility of non-linear material can be much higher than 10 %.

tolerances of the shaker and the measurement-instrumentation can also produce variations in results,

pport

rt shall contain the following:

a reference to this International” Standard;

d address of material manufacturer;
pn of materialincluding thickness, dimensions, mass and type of material;
bf samples tested,;

diaddress of testing laboratory and date of test;

function Ay/A; when the material is loaded by the hand-arm system is the required vibration

SO 10068

(2

. Examples

bnd on the
annex E).

a)

b) name ar]
c) descripti
d) number

e) name ar|
f)  descripti
9)

h)

i)

on of measuring system;

type of excitation signal (sinusoidal or random) and its characteristic data;
environmental conditions including temperature and humidity;

values of transmissibilities at frequencies (in hertz):

50, 63, 80, 100, 125, 160, 200, 250, 315, 400, 500

and

if possible at 10, 12,5, 16, 20, 25, 31,5 and 40.
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Annex A
(normative)

Values of the hand-arm impedance Zy

Table A.1 gives the values of Z taken from ISO 10068. 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 transmissibility T.

Table A.1 — Values of the hand-arm impedance  Zy
Frequency Modulus Phase Real part Imaginary part
|ZH| (ZH)real (ZH)imag
Hz N-s/m degrees N-s/m N-s/m
10 156 30 135,1 78
12,5 170 28 150,1 79,8
16 185 24 169 75,2
20 198 19 187,2 64,5
25 210 15 202,8 54,4
31,5 225 8 222.8 31,3
40 228 1 228 4
50 210 -4 209,5 - 14,6
63 181 -6 180 -18,9
80 161 -3 160,8 -84
100 165 2 164,9 5,8
125 180 8 178,2 25,1
160 190 14 184.,4 46
200 205 18 195 63,3
250 221 19 209 72
315 236 20 221,8 80,7
400 251 20 2359 85,8
500 270 23 248,5 105,5
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Annex B
(informative)

Mathematical basis for the measurement of the vibration transmissibility

of resilient materials

B.1 Evaluation

©1SO

The material is compressed using a mass of 2,5 kg over an area with a 45 mm radius. The transfer function is

measured us

ing transducers on the mass and on the base. The material impedance is evaluated.

jo
Al(l_ ) is a complex function.
Ao (jo)
- . Aio) . o
At a single frequency there is A, ( ) = maghnitude x [cos(phase) + j sin(phase)]
jo
where
magnitugle is the magnitude of the ratio denoted by A1/A;
phase is the phase difference between A; and As.
The impedance of the material is then obtained using the impedanee of the mass and the complex functio
Jom
Iog=—1H—
=
o O
e O
The transfer function when the material is loaded by the hand-arm system is then computed
T= _ZM_
Zut 2u

where Zy is the hand-arm impedance.

B.2 Theo

retical basis

dz

h A/A:

Key

1 Massm

2 Resilientm
=%

a3 =%

aterial of impedance 7z,

.

where x, and x; are displacements.

Figure B.1 — Theoretical model with mass
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Assuming the material has negligible mass:

m¥% =—

Za(% - %)

(Newton's 2nd law) from which

jom

g =

Oa O
AN

Fe 0

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

ISO 13753:1998(E)

Key
1 Hand-arfm

dz

impedance Zy

2 Resilienf material of impedance 7,

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

Again asstiming the material has negligible mass;

Zu¥o|= = Zu(% — %)

from which

—
1
L.

2
1

i
Zy + 2

Zy
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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 full form showing the real and imaginary parts.

jom
VAVES
ErAlg —1+j gﬁg
D(Q Heal DAZ ag
so that
Ua O
om E;.A—Zglmag
(ZM)reaI = D2
(A O o,
M—=0 -10+
@Az |:leal B DAQ E}nag
(ZM)ima — ﬁ eal
(A O op, O
M—=0 -0+ =0
@AZ Ijreal E DA‘Z |:iPnag
and
A af
A |ZH ¥ ZM| |ZH|2 + |ZM|2 +2ga'i)real(zi\/l)real +(Z'|)imag( %)imagg
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