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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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/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
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformitylassessment,|ds) well?as)information about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and
condition monitoring, Subcommittee SC 4, Human-éxposure-to'mechanical vibration and shock.
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Introduction

This document is a result of analyses of application of the W} frequency weighting defined by
[SO 5349-1 to the risk of vascular hand-arm vibration disorders. For vibration exposures dominated by
particularly high or particularly low frequencies of vibration, there is evidence that weightings based
on the (20 to 400) Hz frequency range may give an improved prediction of risk of vascular disorders
over the weighting Wh,.

This document proposes a frequency weighting and risk assessment parameter that can be used to
supplement the method defined in ISO 5349-1. The purpose of this document is to

a) define a supplementary evaluation methodology that can be used in addition to that given in
ISO 5349-1, and

b) ensure that additional data are collected in a common format to help to improve knowledge and
understanding of vascular vibration risks.

© IS0 2017 - All rights reserved v
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TECHNICAL REPORT ISO/TR 18570:2017(E)

Mechanical vibration — Measurement and evaluation
of human exposure to hand transmitted vibration —
Supplementary method for assessing risk of vascular
disorders

1 Scope

This document provides guidance on a supplementary method to that defined in ISO 5349-1 for
measuring and reporting hand-transmitted vibration exposures. The method defined in this document
provides an improved assessment methodology for evaluating vascular hand-arm vibration risks
(vibration white finger). This document does not apply for other health effects (e.g. sensorineural and
musculoskeletal disorders) induced from hand-transmitted vibration exposure (see ISO 5349-1:2001,
Annex B).

This document is intended to facilitate future research on hand-arm vibration risks. It can be used to
supplement the data given by the ISO 5349-1 methodology.

This document cannot be used as an alternative to ISO 5349-1. Data derived from this document
cannot be used in place of ISO 5349-1 data for fulfilling duties under, national regulations, guidance or
recommendations for either'workplace'vibration exposures or machinery vibration emissions.

The methodology defined in this» docurment'is based-on.biomechanical and epidemiological studies
which are reviewed in Annex A. Also provided in Annex A is tentative information on a relationship
between vibration exposure and risk of deyelopingvascular hand-arm vibration disorders.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 2041 and ISO 5349-1 and the
following apply.

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

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

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

Symbol Definition

api(t) instantaneous value of the hand-transmitted vibration for the axis i at time ¢, in metres per second
squared (m/sZ) frequency-weighted according to the hand-arm vascular weighting W);

apj root-mean-square (r.m.s.) value of the hand-transmitted vibration for the axis i in metres per second
squared (m/sZ) frequency-weighted according to the hand-arm vascular weighting W);

apy(t) instantaneous value of the hand-transmitted vibration total value at time ¢, in metres per second
squared (m/s2) frequency-weighted according to the hand-arm vascular weighting Wp:

apy (t)=\/a12)X (6)+aZ, (£)+aZ, (¢)

apy r.m.s. vibration total value of the hand-transmitted vibration, in metres per second squared (m/s2)
frequency-weighted according to the hand-arm vascular weighting Wy;

© IS0 2017 - All rights reserved 1
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Symbol Definition

Ap(8) daily vibration exposure normalized to an 8-hour day, frequency-weighted according to the hand-
arm vascular weighting Wy;

Ep vibration exposure value, frequency-weighted according to the hand-arm vascular weighting Wp;

Epd vibration exposure value determined over a working day;

Epi vibration exposure value determined over a working lifetime;

Wp frequency weighting characteristic for the vascular component of the hand-transmitted vibration
syndrome.

4 Characterization of hand-transmitted vibration

4.1 General considerations

The method specified in this document takes account of the following factors which are believed to
influence the vascular effects of human exposure to hand-transmitted vibration in working conditions:

a) the frequency spectrum of vibration;
b) the magnitude of vibration;
c) the duration of exposure per working day.

Other factors which may influence theeffects of vibration-exposure,; but for which standardized
methods for reporting do not'yet exist)-are listed in ISO'5349-1:2001,AnnexD.

4.2 Measuring equipment for hand-transmitted vibration

4.2.1 General

Measurement of hand-transmitted vibration should be undertaken using instrumentation conforming
as far as is possible to the requirements of ISO 8041-1. This equipment should be checked for correct
operation before and after use. The calibration should be traceable to a recognized standard maintained
by an accredited laboratory.

ISO 8041-1:2017 does not provide specifications for the Wp frequency weighting. Where possible,
measurement equipment should conform to the basic requirements of ISO 8041-1.

4.2.2 Vibration transducers

The vibration transducer requirements should be the same as those specified in ISO 5349-1:2001, 4.2.2.

4.2.3 Location and orientation of transducers

The location and orientation of vibration transducers should be the same as those specified in
[SO 5349-1:2001, 4.2.3.

4.2.4 Mounting of transducers

The mounting requirements for vibration transducers should be the same as those specified in
[SO 5349-1:2001, 4.2.4.

NOTE The consequence of poor mounting may be more noticeable with W}, than with Wj,.

4.2.5 Coupling of the hand to the vibration source

The coupling of the hand requirements should be the same as those specified in ISO 5349-1:2001, 4.3.

2 © IS0 2017 - All rights reserved
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4.3 Quantity to be measured

The primary quantity used to describe the magnitude of the vibration shall be the root-mean-square
(r.m.s.) frequency-weighted acceleration expressed in metres per second squared (m/s2).

The measurement of frequency-weighted acceleration requires the application of a frequency
weighting and band-limiting filters. The frequency weighting W), reflects the assumed importance of
different frequencies in causing vascular disorders of the hand. The characteristics of the W}, frequency
weighting and methods for band-limiting are given in Annex B.

The r.m.s. value is measured using a linear integration method. The integration time should be chosen
such that a representative sample of the vibration signal is used (see ISO 5349-2).

4.4 Multi-axis vibration

It is known that on most power tools the vibration entering the hand contains contributions from all
three measurement directions. It is assumed that vibration in each of the three directions is equally
detrimental. Measurements should therefore be made for all three directions. The frequency-weighted
r.m.s. acceleration values for the x-, y- and z-axes, apy, apy and apz, should be reported separately.

The evaluation of vibration exposure (see Clause 5), however, is based on a quantity that combines all
three axes. This is the vibration total value, apy, and is defined as the root-sum-of-squares of the three
component values, as shown by Formula (1):

_ ]2 2 2
Uy =4|Apy +apy HAG; (1)

Annex C provides some examplelvalues for apy and compares these with equivalent values any using the
[SO 5349-1 frequency weighting.

5 Characterization of hand-transmitted vibration exposure for vascular
disorders

5.1 General

Vibration exposure is dependent on the magnitude of the vibration and on the duration of the exposure.
In order to apply the guidance on the vascular health effects given in Annex A, the vibration magnitude
is represented by a frequency-weighted vibration total value apy.

5.2 Daily exposure duration

The requirements for assessing daily vibration exposure times should be the same as those specified in
[SO 5349-1:2001, 5.2.

5.3 Vibration exposure

A value for an individual’s vibration exposure in a working day is derived from the magnitude of the
vibration (vibration total values) and the daily exposure durations.

The daily vibration exposure should be expressed in terms of the frequency-weighted exposure
vibration value, Ep, as shown by Formula (2):

(2)

© IS0 2017 - All rights reserved 3
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t1 isthe time at the start of vibration exposure, expressed in seconds (s);
ty isthe time at the end of vibration exposure, expressed in seconds (s).

If the work is such that the vibration exposure consists of several operations with different vibration
magnitudes, then the vibration exposure, Ep, should be obtained using Formula (3):

(3)

where

apyi is the vibration total value for the ith operation;
n is the number of individual vibration exposures;
T; is the duration of the ith operation, expressed in seconds (s).

When the Ep, value is determined over a single working day it should be denoted as, Ep 4. The E}, value
may also be estimated for a lifetime exposure, where it is denoted as Ejp }, as shown by Formula (4):

E

pl

iEp,d,j (m/sl’s) (4)
j=1

where

Epd,; is the daily vibration exposure for the jth day;
m is the number of days with vibration'exposure’in’alifetime.

To prevent confusion with the Wy weighted:A(8) as defined by 18075349-1, it is recommended that W),
weighted exposures are expressed as exposure values Ep 4. However, if necessary, the W, weighted
daily vibration exposure Ap(8) may be obtained using Formula (5):

(5)
where T is the reference time of 8 h (28 800 s).
Therefore:
E
p.d
4, (8)=—=

6 Information to be reported

In addition to the information to be reported in accordance with ISO 5349-1:2001, Clause 6, the
following information should be reported:

a) the individual root-mean-square, single-axis frequency-weighted accelerations measured with the
Wy weighting;

b) the vibration total value, apy, for each operation;
c) the calculated vibration exposure, E} 4, for a working day.

Additionally, the lifetime vibration exposure, Ep}, may also be reported.

4 © IS0 2017 - All rights reserved
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Annex A
(informative)

Biomechanical and epidemiological basis for weighting W),

A frequency weighting is required to quantify the risk of developing symptoms of vibration white
finger (VWF) from exposing the hands to vibration. The frequency weighting accounts for the relative
hazard posed by vibration at different frequencies. Predictions of risk using the procedures described
in annexes to IS0 5349:1986 and IS0 5349-1:2001 have been found to agree with the observed latencies
of finger blanching (i.e. the years of exposure to vibration prior to the appearance of the first white
finger) for some occupationally-exposed population groups, as well as to underestimate or overestimate
the risk for some situations.[1.[2] The risk of developing VWF is overestimated for power tools such
as rock drills, pavement breakers and sand rammers, and underestimated for riveting tools.[1-Z] The
discrepancies between predictions of the risk of developing VWF and the experience of population
groups occupationally exposed to vibration have been attributed, in part, to the frequency weighting
recommended in ISO 5349-1.

Frequency weightings can be derived, in principle, from physiological or patho-physiological responses
to vibration in humans or animals, from biodynamic models characterizing vibration entering the hand-
arm system, or from epidemiological studies of population groups in which vibration exposures have
been measured or can:be' estinidtéd./Attempts torconstruct freguencies weightings from physiological
responses of humans or animals, while informative, have not so far proved to be definitive. Most
information on the form of frequehcyyweighting.netessary, to characterize the development of VWF
has come from biodynamic models contained in ISO 10068:2012, and from analyses of epidemiological
studies using trial frequency weightings,[8-12]

The results of the three most ‘definitive'studies'are’'summarized- in Figutre-A.1, see Reference [12]. The
frequency weightings derived by Tominaga“(Wyt) ‘and Dong et al. (Wyf) are presented in the form
used in analyses by Pitts et al. and Bovenzi, see Reference [13], alongside the W}, weightings. The
weighting derived by Brammer and Pitts defines a range of frequencies that lies between the black
dots. Each frequency weighting applies to vibration expressed as either the dominant single axis r.m.s.
acceleration or vibration total value (i.e. vector sum acceleration). W, is compatible with the results of
all these studies and provides the best estimate of the frequency weighting required to quantify the
risk of developing symptoms of VWF from exposing the hands to vibration.

The analysis of Brammer and Pitts[12] also permits an estimate to be made of the least daily vibration
exposure, Ep 4, at which symptoms of VWF may be expected to occur. The daily exposure threshold for
the onset and continuing development of VWF is in the range for Ep 4, of 1150 m/s1.5to 1750 m/sL5.

Some variation in the threshold can be expected for different exposure conditions. Upper values in the
range pertain to exposures for a working day evaluated using vibration total values according to 5.3.
Lower values in the range pertain to situations in which it is not possible to obtain vibration total values,
and exposures have to be constructed from dominant single-axis accelerations. It should be noted that
the threshold range pertains only to the risk of developing vascular hand-arm vibration disorders.

© IS0 2017 - All rights reserved 5
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