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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance ate
describefl in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed\for the
different| types of ISO documents should be noted. This document was drafted in accordance with the
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentionq is drawn to the possibility that some of the elements of this document may,be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details pf
any patept rights identified during the development of the document will be in the_Introduction and/¢r
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does npt
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms arnd
expressipns related to conformity assessment, as well as jnformation about ISO's adherence to
the World Trade Organization (WTO) principles in the Jechnical Barriers to Trade (TBT), s¢e
www.isg.org/iso/foreword.html.

This dodqument was prepared by ISO/TC 108, Mechanical vibration, shock and condition monitoring,
Subcomrpittee SC 4, Human exposure to mechanical vibration and shock.

Alist of gll parts in the ISO 15230 series can be)found on the ISO website.

Any feedback or questions on this documentshould be directed to the user’s national standards body.|A
completg listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The coupling forces between the hand-arm system and a hand-held or hand-guided machine during
its use are very important factors. Although these forces are of interest for both vibrating and non-
vibrating machines, the primary focus of this document is to provide a set of descriptions of the forces
at the man-machine interface that are primarily for the hand-arm system in contact with a vibrating

surface of a machine.

The coupling forces involved in the operation of a vibrating machine generally consist of two

different

cfmponents. The [Irst component 1s the force applied by the hand-arm system which 1S used.t
necessary control and guidance of the machine and to achieve desired productivity. Thisqu
fdrce (frequency below 5 Hz) is the focus of this document. The second component is the big
fdrce which results from the biodynamic response of the hand-arm system to a vibration:

Different couplings of the hand to a vibrating surface can affect the human body.ii-two differe

a] The relationship between the measured handle vibration and the restltant transm
vibration to the hand-arm system might be altered. This alteratiort-modifies the expo
possibly also the vibration effect to the hand-arm system, although\no epidemiological ey
available at present.

anatomical structures, such as the vascular system, nervés, joints and tendons.

Cprrently, many human-machine interactions have been{ modelled by measuring the phyj
r¢sponses of the human body to vibration while operating a tool or machine using various |J

(0)°]

his document can assist in the reporting of coupling data in epidemiological or laboratory 1}
is expected that in the future, measurements of the coupling forces will be made in ad
easurements at the workplace for the determination and evaluation of human exposure to me
vibration.

5 = 3

The ISO 15230 series consists of twoparts:

—+ [SO15230-1, having the status of an ISO standard, defining measurement parameters and ey
procedures.

— ISO/TS 15230-2, being’a technical specification, aimed primarily at researchers. In this d
the relationship/etween magnitude of the coupling force and the transfer of damaging vi
energy into the\hand-arm system is considered. This document provides a method for 3
evaluations{of €xposures to hand-arm vibration according to the measured coupling force

provide
hsi-static
dynamic

nt ways:

ission of
sure and
idence is

b] The coupling can result in a synergistic effect with vibration exposure which could affect

iological
bush and

[ip forces. Push and grip forces are the factors thathave been used to describe the coupling fgrces.

research.
dition to
chanical

raluation

bcument,
brational
ndjusting
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Mechanical vibration and shock — Coupling forces at the
man-machine interface for hand-transmitted vibration —
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valuation of coupling forces

Scope

his document describes a coupling-force-dependent weighting of the r.m.s. value to the fr
eighted acceleration, ay,.

he procedure only applies to normal gripping situations (embracing a handle). If only part sy
le hand are exposed to vibration, the procedure is not applicable.

he evaluation methods defined in this document are intended to efiable research.

his document provides guidance on an additional procedure to that defined in ISO 53
easuring and reporting hand-transmitted vibration expesures by taking into account the
rce exerted on the vibrating surface.

bquency-

rfaces of

49-1 for
coupling

his document is intended to facilitate future research'on hand-arm vibration risks and to complement

hta collected using the ISO 5349-1 methodology.

his document does not apply as an alternativeto ISO 5349-1. The data derived from this docunpent does

bt apply to perform tasks in accordance with national regulations, guidelines or recommg
r workplace vibration or machinery vibration emissions. This document does not apply to
bligations related to the protection of ‘workers from hand-arm vibration in the workplace
pclaration of vibration emissions frém machinery.

he methodology defined in this document is based only on biomechanical relationships

ndations
the legal
and the

between

bration transmission to the-ltand-arm system as a function of total forces. The influence of contact

rce and pressure on the-surface of the hand remains unconsidered and requires further rese|

Normative reféerences

he following/documents are referred to in the text in such a way that some or all of theil

arch.

" content

nstitutes fequirements of this document. For dated references, only the edition cited applies. For

hdated references, the latest edition of the referenced document (including any amendmentsj

0 5349-1, Mechanical vibration — Measurement and evaluation of human exposure to hand-trd

V]

applies.

nsmitted

bration — Part 1: General requirements

ISO 5349-2, Mechanical vibration — Measurement and evaluation of human exposure to hand-transmitted
vibration — Part 2: Practical guidance for measurement at the workplace

ISO 8041-1, Human response to vibration — Measuring instrumentation — Part 1: General purpose
vibration meters

ISO 15230-1, Mechanical vibration and shock — Coupling forces at the man-machine interface for hand-
transmitted vibration — Part 1: Measurement and evaluation

©
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3 Terms and definitions

For the purpose of this document, the terms and definitions given in ISO 15230-1 and the following
apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31
coupling factor
Cep
value us¢d to adjust the frequency-weighted acceleration, ay,, as a function of the coupling foree, F,
3.2
coupling-force-adjusted frequency-weighted acceleration

apwr
frequendy-weighted acceleration, ay,,, after adjustment by the coupling factor (3.1), ¢,

3.3

coupling-force-adjusted vibration total value
ThvF . .
vibration total value, ay,, after adjustment by the coupling factor, cg,

3.4
coupling-force-adjusted daily vibration exposure
A(8)y
daily vibfation exposure calculated from the coupling-force-adjusted vibration total values (3.3)

4 Symbols and abbreviated terms

For the purpose of this document, the symhols‘and abbreviations defined in ISO 5349-1 and ISO 152301
and the fpllowing indices apply.

cp stibscript coupling F subscript coupling-force-adjusted

5 Measuring procedure and evaluation process

5.1 Mg¢asurements

Measurements of both hand transmitted vibration and coupling force shall be made during the same ¢r
similar Work activities. Where possible the measurements of coupling forces and frequency-weightgd
acceleratfion should be simultaneous, in order to account for possible dependencies between the two
parametkrs

The frequency-weighted acceleration, a;,, shall be measured in accordance with ISO 5349-2
using instrumentation that meets the requirements of ISO 8041-1 for hand-transmitted vibration
instrumentation. Measurements shall be made at, or very close to, the gripping zone(s), i.e. where the
operator grips the machine or vibrating element.

The coupling force shall be measured in accordance with ISO 15230-1.

2 © IS0 2023 - All rights reserved
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5.2 Processing of the results

In the case of a sequence of several individual measurements of one work task, the arithmetic mean of
the magnitudes of individual measured values of the frequency-weighted acceleration, a;,,, and that of
coupling force, Fcp, shall be determined.

Individual measurements of coupling forces shall only be made during activities where there is
vibration exposure.

The arithmetic mean is formed of all the components of force relevant to the task in question:

a] In the case of simultaneous measurement of forces and frequency-weighted accelerati(Jn, forces
are only registered and averaged over the period of time during which the vibratiofi\js’also being
measured.

b] Inthe case of non-simultaneous measurements of forces and frequency-weighted acceleration, care
shall be taken to register and take the mean of the forces only for such task périods as are|relevant
to the measurement of the vibration.

Lpgging coupling force with time is recommended in order to recognise dtypical situations, e.g.|negative
fded forces during drilling. Alternatively, the statistical distribution(of the measured couplipg forces
cqn be obtained in order to assess the validity of measurements ahd determine the mean fg¢ed force
value.

6| Calculation of acceleration values weighteddby the coupling force

6{1 Coupling-force-adjusted frequency-weighted acceleration

Methods for calculating the coupling factor fromithe coupling force are given in Annex A and Annex B.

The coupling-force-adjusted frequency-weighted acceleration, a,,,, is then calculated from the(coupling
fgctor, c.p,, and the frequency weighted aceeleration, ay,,, using Formula (1):

hwF = Ghw " Cep (@8]
NPTE For some power toolsand machines an increase in hand grip, and hence increase in coupling force,

cqguses a reduction in handle vibration (e.g. tools with vibration-isolating handles). Formula (1) is not gpplicable
1| these circumstances.

—-

(=)}

2 Coupling-force-adjusted vibration total value and daily vibration exposure

—

he coupling-force-adjusted vibration total value, a5 can be calculated for each exposur¢ section
om the eoupling-force-adjusted frequency-weighted acceleration, ay,, in one, two or all djrections
[ vibratien. The coupling-force-adjusted partial vibration exposure values are obtained by taking into
fcount the relevant duration of exposure. The root-sum-of-square of these partial values is|equal to
theCeoupling-force-adjusted daily vibration exposure, A(8)p.

o=

7 Testreport

In addition to the reporting information required by ISO 5349-1 and recommended in ISO 5349-2, the
following information shall be reported:

a) sample;
b) areference to this document,i.e. ISO/TS 15230-2:2023;
c¢) work task and machine activity during coupling force measurement;

d) coupling force measurement or evaluation method;

©1S0 2023 - All rights reserved 3
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f)
g)
h)

j)
k)
D)

location and orientation of the coupling force measurement system;
coupling force measurement period;

coupling force values;

coupling factor;

coupling-force-adjusted vibration total value;

coupling-force-adjusted daily vibration exposure;

uncdrtainty of evaluation;

the date of the test.

© IS0 2023 - All rights reserved
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Annex A
(informative)

Method for calculating the coupling factor

A1 Relation between coupling factor and coupling force

Tentative relations between coupling factor and coupling force are shown in Figure A.1¢
Y

1,4

13 -
1,2 ~ =
1,1 -
" p
0,9
0,8
0,7

\ 1\
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I
0 20 40 60 80¢100 120 140 160 180 200 220 X
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coupling force, F, in N
coupling factor, ¢,
Cp=1latF,=50N
Cp=1latF,=75N

‘[ cp=latF,=100N
41 c¢p=1latF,,=125N

¢ cp=latF,=1o0N

B X o=

o

Figure A:;1°— Coupling factor as a function of coupling force for different forces with nnity
coupling factor

Theehange in coupling factor with coupling force is estimated for different coupling forces at which the
Cuuphug factoris uTTity: Othrer Luuphug forcesatwihichrthe Luupliug factoris Uity Ay beobtained by

interpolation, or by using the closest value provided in Figure A.1.

The relations have been derived from studies in which the transmission of vibration to the wrist and
elbow was recorded as subjects grasped a cylindrical handle (see Annex C). The baseline, or reference,
coupling force at which the coupling factor is unity may be the force that is representative of the
coupling of the hand to the vibrating power tool, handle or work piece during typical operation of the
tool or process, as required by the provisions of ISO 5349-1 and ISO 5349-2. Alternatively, it may be the
force that is recorded by a single operator during the performance of a selected work task.

© IS0 2023 - All rights reserved 5
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Coupling factors have been estimated for five coupling forces at which the coupling factor is unity: 50 N,
75N, 100 N, 125 N, and 150 N. The relations in Figure A.1 are shown in Formula (A.1):

Cop=A+B-Fo +C-F2 +D-F +E-Fy,

where

CCp

(A.1)

is the coupling factor, dimensionless;

Fop

A, B C D

The valy
calculati
95 % corn

1s the coupling force, In Newtons;
and E are numerical constants.

es of the constants are given in Table A.1 to four significant figures. The‘precision is for
bn purposes: it does not reflect the uncertainty in the coupling factor, which\is-indicated by the
fidence intervals for the curve fits to the measured data in Annex C.

Table A.1 — Numerical values of coefficients for calculating the eoupling factor

Coupling force at which Reference/baseline
the cqupling factor is
unity A B C D E
N
50 0,606 1,15-10-2 “8,846-105 3,482-107 -4,961-10-19
75 0,548 3 1,021-10-2 -7,5510 2,838:107 -3,77510-19
100 0,5218 9,755:10-3 -7,503:105 2,932:107 -4,101-1019
125 0,490 6 9,636:1073 -7,561:10°5 3,024-107 -4,376:10719
150 0,48 9,132-10-3 -7,017-10° 2,732107 -3,796-10-10

NOTE 1
operation

with the provisions of the ISO 5349 series,

NOTE 2
arm werd
the value
from the

NOTE 3
ranged fr
and subje

The coupling factor will be unity whenthe frequency-weighted acceleration has been measured during
s in which representative coupling.forces are used, or are believed to have been used, in accordange

The relations in Figure AzI~and Formula (A.1) are derived from measurements in which the hand anpd
exposed to broadband-vibration of approximately equal intensity at all frequencies. Differences from
5 in Figure A.1 and Eermula (A.1) will result from the frequency weighting used to construct ay,,,, and
requency spectra.ofdifferent power tools and machines.

The relation$.in’ Figure A.1 and Formula A.1 are derived from measurements of coupling force thpt
bm 37 N to 200°N. Predictions of coupling factor for coupling forces outside this range are extrapolations
Cct to gredter uncertainty (see 95 % confidence intervals for the curve fits in Annex C).

A2 Ca

Iculation of the coupling factor

Table A.2 contains examples of the range of coupling forces to be expected for hand-held power tools
and hand-guided machines, and for control levers. The ranges do not apply to all tools and machines, and
are intended to show the differences between the coupling forces employed when operating some hand-
held versus hand-guided tools and machines. The estimates of coupling factor assume measurements

have bee

n performed according to the provisions of the ISO 5349 series and ISO 15230-1.

© IS0 2023 - All rights reserved
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Table A.2 — Estimated coupling factors when measurements performed according to the
provisions of the ISO 5349 series using representative coupling forces corresponding to values
within the 'medium' coupling force range

Machine type | Coupling Likely coupling Repre_sentatlve Coupling factor Example
(example) force range force coupling force
FCp Cep
N N
Low 80 to 100 0,91to 0,96
Hand-hetd 2
. Medium >100 to 140 125 0,96 to 1,02 %
(Grinder)
High >140 to 200 1,02to 1,11
_ Low 40 to 60 0,85t0 0,95
Hand-guided ™y 45m >60 to 80 75 0,95 to 1,01
(Compactor)
High >80 to 100 1,01 to 1406
Low <202 Use curve for 50 N, 0,95
Medium >202to 40  |putcalculate differ- 170 955, 1 o5
ences from the mean
value for 'Medium' |
N coupling force (i.e.,
Control levers 30 N), e.g., differ- ~
ngh >40 to 60 ence when FC = 1,05t0 1,12
20 Nis 10 N,s0 ep is
estimated for (50 N
-10N)=40N
3l The minimum coupling force for which data are available is'37 N. Estimates of coupling factor for coupling forces less
than 37 N are extrapolations and subject to increased error, (s€€ Figure C.2).

The representative coupling force in Table A.2 has been chosen as the closest value within the jmedium'
upling force range for which there is a relation provided in Figure A.1 and by Formula (A.[l). When
the representative coupling force is outside the range provided in Figure A.1 and by Formula (A.1),
the closest value may be used but differénces in coupling force are calculated from the value for the
r¢presentative coupling force (see example for control levers).

(@)

©1S0 2023 - All rights reserved 7
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Annex B
(informative)

Simplified calculation of the coupling factor for hand-held power

tools
The method is a simplification that is applicable to hand-held power tools for which a representatiye
coupling|force is close to 120 N.
The coupling factor, ¢ ,, may be determined from the value of the coupling force, F,, using Figdre B.1 ¢r
calculatdd using Formula (B.1) or (B.2):
Fep
Cp 4 +0,52 for  20N<F,<120N (B.)
10°N
Fop
cp 1,25 3 +0,85 for 120N<F,,<200N (B.2)
10°N
Y A
4 N
1,2
1,1
/
/

1

0,9 //

0,8 A

/

07 L /

0,6

0,5

0 20 40 60 80 100 120 140 160 180 200 220 X

Key
X  couplingforce, F_ in N

Y  coupling factor ¢,

2 Range of validity.

Figure B.1 — Graphical representation of the coupling factor, c., as a function of the coupling
force, F.;,, for hand-held power tools for which a representative coupling force is close to 120 N

Table B.1 shows the coupling force ranges expected for hand-held power tools for which a representative
coupling force is close to 120 N.

The ranges of coupling forces given in Table B.1 do not apply to all grinders.

8 © IS0 2023 - All rights reserved
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Machine type

Coupling force

Likely coupling

(example) range force Coupling factor Example
Fep Cep
N
Low 80 to 100 0,84 to0 0,92 e
Hand-held Medium >100 to 140 0,92 to 1,025 LN
(Grinder) '
High >140 to 200 1,025to 1.1

© IS0 2023 - All rights reserved
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Annex C
(informative)

Influence of coupling force on vibration within the hand and arm

There is_limited information in the scientific literature on the effects of coupling forces on the
transmigsion of vibration into the hand-arm system. While other sources of information for the relatiqn
between| coupling factor and coupling force have been sought, there do not appear to be datalthat
include quch a large number of subjects (10) and wide range of coupling forces (push forces of 12 N,
25N, 50N, and 100 N, and grip forces of 12 N, 25 N, 50 N, and 100 N, resulting in coupling forces of 37 N,
50N,75N,100 N, 112 N, 125 N, 150 N and 200 N) as those reported by Dupuis and Scheffexl2l.

The coupling factors proposed are intended to be applied to measurements of wibration exposufre
conductgd according to ISO 5349-1 and ISO 5349-2. ISO 5349-1:2001, 4.3, paragraph 2, which specifig¢s
general fequirements for measuring and evaluating hand-transmitted vibration.exposure, states that
"vibratign measurements shall be made with forces which are representative of the coupling of the
hand to the vibrating power tool, handle or work piece in typical operation’ of the tool or process".|A
represerftative coupling force when performing a typical operation with, for example, a hand-held
grinder nay be between 100 N to 140 N, and when performing a €ypical operation with a concrete
compactpr may be between 60 N to 80 N (see Annex A and Annex'B). Thus, if the mean coupling for¢e
during typical operation of a given power tool or machine is obtained for different operators, togethér
with vibration measurements, then the measurements may he taken to satisfy the requirements of the
ISO 5344 series for determining the vibration total value and mean representative coupling force. Onge
this infoymation has been obtained, the subsequent exposure of an individual may be adjusted using
the prevjously measured vibration total value and the-difference between his/her coupling force and
the mean representative coupling force. Accordingly/as it is known that different coupling forces ate
employefl when operating different power tools\and machines, it would appear necessary to define
coupling|factors for different representative,.or baseline, coupling forces.

This mayf be done using Dupuis and Scheffer's 1992 data. The vibration measurements of interest wer
conductdd as sketched in Figure C.1. An Uniaxial vibration exciter produced handle motion in the X
Y-, or Z-direction shown. The stimulus was nominally broadband — from a few Hz to close to 1 kHfz.
Three adcelerometers were attached at the wrist, elbow and shoulder by means of straps, and usgd
to record vibration in the X-, Y-~and Z-directions at each location shown in the diagram. The vectgr
sum accelerations at the wrist, elbow and shoulder were reported for uniaxial handle motion. The
coupling|force was derived\from the sum of grip forces in the range of 12 N - 100 N and push forces [n
the rangg of 12 N to 100"\, as noted above. The effects of grip force and push force on the vibration at
the wrist and elbow‘were found to be roughly equivalent (i.e. a 100 N push force and 50 N grip for¢e
gave apgroximatelythe same result as a 50 N push force and 100 N grip force). The data obtained at
the shoullder pessessed little resolution for different coupling forces and so could not be used in the
analysis,

oo

From theseZmeasurements it is pnccih]p to define acceleration ratios for different r‘mlp]ing forcés

when the handle is vibrating in the X-, Y-, and Z-directions in Figure C.1, by normalizing the vector
sum accelerations at the wrist and elbow. The acceleration ratios are considered to be the coupling
factors to apply to coupling forces that deviate from the baseline or reference coupling force (at which
the coupling factor is unity).

Relations between coupling factors and coupling forces are shown in Figure C.2 to Figure C.6 for
baseline coupling forces of 50 N, 75 N, 100 N, 125 N and 150 N. The black symbols are for the wrist, and
the white symbols are for the elbow: data shown by triangles are for handle vibration in the X-direction,
those shown by squares for handle vibration in the Y-direction, and those by circles for the Z-direction.
In each graph, the acceleration ratio, or coupling factor, is the mean of the values computed separately
for the handle vibrating in the X-, Y-, and Z-directions. This is equivalent to assuming that there is an
equal probability of vibration entering the hand in any direction.

10 © IS0 2023 - All rights reserved
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The curves in Figures C.2 to Figure C.6 are fourth order polynomial fits to the data (solid lines), and
have been extrapolated to a coupling force of 20 N. They are shown together in Figure A.1. Also shown
in the diagrams are the 95 % confidence intervals for the fitted curves (dashed lines).

The selection of coupling forces at which the coupling factor is unity was based on measurements having
been conducted at those forces. The 95 % confidence intervals for the five curves in Figure A.1 overlap,
suggesting additional curves in the force interval from 50 N to 150 N are unwarranted. The confidence
intervals also indicate the magnitude of the additional uncertainty introduced by extrapolating the
curves to a coupling force of 20 N.

Figure C.1 — Sketch of experimental setup showing handle, locations of accelerometers
attached by straps to the wrist, elbow and shoulder, and coordinate system
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