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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 procg¢dures used to develop this document and those intended for its further maintenance, 3
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules 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
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Introduction

Several kinds of device can be used to measure or estimate the vibration magnitude and
duration needed for the assessment of daily vibration exposure at the workplace.

2017(E)

exposure

Measuring instrumentation conforming to the requirements of ISO 8041-1 allows the user to perform

good quality repeatable measurements. Measurements using a general-purpose vibration
typically undertaken when equipment (like a hand-held machine or a fork-lift truck) is in

meter are
operation

allowmg attended, dlrect readings to be taken prov1d1ng information regardlng possible errors and

exposure meter, loggmg readmgs taken for example over a full workmg day to prov1de in
regarding work patterns including transient acceleration artefacts. Using such instrup

In pddition, there exists auxiliary equipment which can support risk assessment=Such equipm
mdasure the duration of exposure or estimate the instantaneous vibration dose, using, for ex

vibration
formation
nentation,
ten by the

ent might
hmple, the

information given by the manufacturer on the vibration emission of the machinery used, and fight give

information when vibration limits are approached or exceeded. Even though such auxiliary ¢
dops not constitute measuring instrumentation conforming to 1SO8041-1, it is currently
can be advantageous for keeping occupational vibration limits and for systematic health ¢
mgnitoring. When using such equipment, usually vibration is not really measured.

However, the differences between the instrumentation and equipment features lead to
valying reliability. By giving guidance and explaining-términology, this document provid
regarding the limitations that can be expected when, using different instrumentation and e
for] the assessment of daily vibration exposure at thé-workplace.

quipment
used and
nd safety

results of
es clarity
quipment
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TECHNICAL REPORT ISO/TR 19664:2017(E)

Human response to vibration — Guidance and terminology
for instrumentation and equipment for the assessment of
daily vibration exposure at the workplace according to the
requirements of health and safety

1 [ Scope

The assessment of human exposure to vibration, to both the hand-arm system and the whole body,
at the workplace relies on the combined evaluation of both vibration magnitudes‘and exposjire times.
Deftermining these values can employ various instrumentation types and data Seurces. This document
provides guidance and explanation of concepts used for the following:

—| measurement processes;
—| instrumentation types;

—| vibration magnitude source.

2 | Normative references

Thie following documents are referred to in the textVin such a way that some or all of thejir content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendment§) applies.

ISQ 2041, Mechanical vibration, shock and condition monitoring — Vocabulary

ISQ 2631-1, Mechanical vibration and.shock — Evaluation of human exposure to whole-body vipration —
Paft 1: General requirements

ISQ 5349-1, Mechanical vibratien— Measurement and evaluation of human exposure to hand-tnansmitted
vifration — Part 1: General fequirements

ISQ 8041-1, Human re§ponse to vibration — Measuring instrumentation — Part 1: Genergl-purpose
viljration meters
3 | Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2041, ISO 2631-1, [50 5349-1
anfl [ISO'8041-1 and the following apply.

IS R A nYal vl 4= H 1 : L dodol £, H 4= | . b dede] £o11 H 1 .
dIIU TLU IIIAIITA T TCTHITTITIUTUZIL AT UdldUdSTS TUT UST IIT STAITUdTUIZ4UIUIT AU LT TUITUWIITE acadresses:

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

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

3.1

assessment

<vibration exposure> process of determining whether a worker (machine user) is at risk from exposure
to vibration

© IS0 2017 - All rights reserved 1
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3.2
evaluation
<vibration exposure> process of determining a value of vibration exposure

Note 1 to entry: This process is often specified in standards.

3.3

estimation

<vibration exposure> process of evaluating a worker’s (machine user’s) exposure where estimates and
assumptions are made about vibration magnitudes and exposure durations

4 Explpnation of concepts used for the measurement process

The meagurement of human exposure to vibration requires evaluation of vibration. magnitudes
(weighted acceleration values) and vibration exposure times. The daily vibration exposure A(8) is
defined ag:

T

A(8)+ ijaﬁv dt (1)
T, 5

where

aw 1s the relevant weighted acceleration value as a function ¢f time (for hand-arm vibration, a is
hs defined in ISO 5349-1; for whole-body vibration, ay, is:as defined in ISO 2631-1 or ISO 263142);

t s the time;
T s the total daily duration of exposure to vibration;
To |1s the reference exposure duration of 8 h~(28 800 s).

For most practical measurements, the value ©f74(8) is determined as a series of distinct evaluations,
e.g. for different hand-held machines, different operating conditions, different vehicles. A(8) is then
determingd as:

A8)F

where

awi 1sthe relevant weighted r.m.s. acceleration value for operation i (for hand-arm vibration, ayf; is
hs defined in ISO 5349-1, for whole-body vibration, a;is as defined in ISO 2631-1 or ISO 263142);

N s the humber of operations, i;

T; 1sthe daily duration of eXxposure to vibration, dw;;
To isthe reference exposure duration of 8 h (28 800 s).

It should be ensured that the exposure time represents the period over which the measurement is made,
for example, a measurement that includes breaks in operation represents a longer period of working
time than one which only measures during machine operation (see ISO 5349-2 or EN 14253).

NOTE Additional quantities are possible, e.g. for whole-body vibration, the vibration dose value (root-mean-
quad; see ISO 2631-1) is as follows:

2 © IS0 2017 - All rights reserved
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For most evaluations of daily vibration exposure, A(8), there are three steps consisting of evaluating
the weighted vibration magnitude, ay, evaluating the exposure time, T, and finally calculating the daily
vibration exposure. It is also possible (although less common) that A(8) is obtained directly, in one step.

The following concepts a) to d) are used to describe these four basic processes.

nitndo oualiiad
X

a)

b)

d)

Ing
pr

.1 General

Moo LD IO
MIagmIITuat T varaactionn

Magnitude evaluation is the process to determine a value for the weighted “acceleration

magnitude(s), awi.
Exposure duration evaluation

Exposure duration evaluation is the process to determine a value for the operator’s
time(s), T;.

NOTE The terms “duration” and “time” often have the same meaning:

exposure

The daily exposure duration for each relevant machine or progess can be determined. This should

generally be done directly by observing the work since workers tend to report a wrong ¢
of their exposure durations.

Exposure calculation

Exposure calculation is the process to combineweighted acceleration value(s) and exposy
to calculate the daily vibration exposure, A(8), tising Formula (2).

Exposure evaluation

Exposure evaluation is the processtodetermine the daily vibration exposure value, A(8

using Formula (1).

NOTE The calculation can be based on measured or estimated values. Some indication of the
uncertainty can be found in'‘€EN/TR 1030-2.

Explanation of concepts used for instrumentation types

truments-can provide all or part of the information required to evaluate the daily vibration
pviding-one or more of the following functions:

vibration magnitude evaluation;

stimation

re time(s)

, directly,

associated

exposure,

exposure time evaluation;
exposure calculation based on external data;

exposure evaluation by measurements.

5.2 Vibration magnitude evaluation

A human vibration meter is an instrument that conforms to ISO 8041-1 for measurement of the vibration
magnitude.

©lI
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5.3 Exposure time evaluation

5.3.1 Machine timer

A machine timer uses some characteristics of the machine being operated to provide an indication of

the vibrat

— Pow

—  Vibi

—  Oth
(e.g

In all casd

NOTE
overestimd

53.2 E

An exposure timer uses sensors attached to, or observing, the“thrachine operator to determine when

heisinco

—  Coupling force. Force at the interface between the operator and the machine is monitor

— Vibi

— Oth
(e-g
In many

vibration
to determ

systems pirovides a facility for identifying which machine is being operated.

5.4 Exp

ion exposure time of the operator. Characteristics currently used are the following.

is operated. Systems are applied to both electrical and pneumatic machi
ation. The vibration signal of a transducer fitted to the machine is mohitored
measure when and for how long a machine is operated.
br parameters The noise level close to the machine is used to measure whén and for h

noise). long a machine is operated.
s it is assumed that the machine operating time is equivalent to the gpgrator exposure tim

Where operators don’t keep two hands on the machine at all times,sthese devices can, for examj
te the real exposure time.

Kposure timer

htact with the machine. The sensors can determine&ibration exposure times by the followi

When the coupling force\eéxceeds a threshold value, it is assumed that thg
is contact with the machine.

ation. The vibration.signal of a transducer fitted to the operator is monitored
measure when-and for how long (s)he is operating a vibrating machine.
b parameters Video recordings are used to evaluate exposure time (e.g. frame-by-fra

optical). analysis).

Cases, exposure timers rely on combinations of sensors to determine exposure times,
transducers on the'machine to determine when it is operating and of sensors on the opera
ine when thefe )is contact with the machine. In some cases, communication between thg

osure calculation based on external data

541 V

D

ble,

(s)
ng.

bd.
bre

to

me

of
[or
pSe

hration-exnosure-calculator
=4 2 POt E-Carttiartor

TOrCIroTr

A vibration exposure calculator is a device or system for calculating the daily vibration exposure based
on user-entered values for vibration magnitude and exposure time. Such systems have no measurement
capability and can be computer-based systems.

5.4.2 Vibration meter with exposure calculation

A vibration meter with exposure calculation is an instrument in accordance with ISO 8041-1 for
measurement of vibration magnitude which also includes a facility for the user to enter values for
exposure time and then to calculate the daily vibration exposure.

© ISO 2017 - All rights reserved
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5.4.3 Exposure timer with exposure calculation

An exposure timer with exposure calculation is an instrument for measurement of vibration exposure
time or duration which also includes a facility for the user to enter values for vibration magnitude and
then to calculate the daily vibration exposure.

NOTE1 There exist versions with and without recognition of vibrating machines.

NOEE=2 A cguideline forthe use of vibration emission data pvnwir‘ar‘ l"\y themachine manufactureori Contalned

in {EN/TR 15350.

5.5 Exposure evaluation by measurement

5.3.1 Personal vibration exposure meter (PVEM)

A RVEM is an instrument that simultaneously measures personal vibratioh‘magnitudes and gssociated
exposure times, which provides a direct evaluation of the daily vibrationexposure based on Fdrmula (1).

NQTE An International Standard for personal vibration exposure metérs is under preparation.

5.3.2 Vibration exposure meter (VEM)
A VEM is an instrument that measures vibration magnitudes and exposure times, which provides a

fadility to evaluate contributions to the daily vibration‘exposure based on Formula (2).

6 | Explanation of concepts used for the'vibration magnitude source

6.1 General

Vilbration exposure calculators and exposure timers with exposure calculation require user-entry of
values for vibration magnitude. These vibration magnitude values can be obtained from meagurements
uslng vibration meters or can come from other sources.

6.2 Manufacturer emission value

Thiis is a vibration magnitude value provided by the machine manufacturer or supplier d¢termined
frdgm standardized or specified tests. These data are primarily intended to allow comparison between
mdchines of the’same type, but can also be indicative of normal use of the machine.

NOTE Agnideline for the use of vibration emission data provided by the machine manufacturer i§ contained
in CEN/TR15350.

These are vibration magnitude values provided by the machine manufacturer or supplier to supplement
emission data, particularly where the manufacturer emission data are not likely to be indicative of the
normal use of the machine, or where specific applications of the machine generate vibration magnitudes
significantly different from the manufacturer emission data.

EXAMPLE The vibration magnitudes transmitted through the held workpiece or tool can be higher than
those on the machine.

© IS0 2017 - All rights reserved 5
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6.4 Comparable machine values

These are vibration magnitude values obtained for a machine similar, but not identical, to that being
evaluated.

NOTE For more information, see CEN/TR 1030-2 or EN 12096.

6.5 Machine-specific vibration database values

These are vibration magnitude values obtained from a published database or other list of vibration
magnitudpvatuesforthespecificactime bemgevatuatedataworkplace:

NOTE At present, there exist databases in Germany, Italy and Sweden.

6.6 Type-specific vibration database values

These arq vibration magnitude values obtained from a published database or otherlist of vibratlon
magnitudps where collated values are available for the type of machine being evaluiated.

NOTE For earth-moving machinery, ISO/TR 25398 contains machine-related vjbkation values.

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

Examples of equipment for the evaluation of daily vibration

exposure

A.Il General

To
pr
It i
vil
for
I1S(

Ing
IS(

A.

Ing

give a better understanding of the various types of measurement device available, t
esents the typical features of certain devices with their pros and cons and theifpractical li

s generally easier to measure whole-body vibration than hand-arm vibration because of

ration magnitude and frequency range, the defined measuring point ahd-the coupling. In;
measuring whole-body vibration acquire and process vibration datain accordance with I§
2631-2 and ISO 8041-1.

truments for measuring hand-arm vibration acquire and process vibration data in accord|
5349-1 and ISO 8041-1.

2 Measuring instruments for good quality-measurements

truments fulfilling all the requirements according to ISO 8041-1 and beyond can have

fupctions for detection and elimination of transient acceleration artefacts.

Su

NO

A.

ch additional functions can be, for example:

vibration history logging capabilities;

automatic exposure evaluation-based on measured vibration data;
operator presence detection;

contact force measurement;

worker identifjcation.

TE An International Standard for personal vibration exposure meters is under preparation.

B Machine timer — Machine operation timer

his annex
mitations.

the lower
truments
50 2631-1,

ance with

hdditional

By
SW

ifistalling a timer in the supply line to a machine, it is possible to measure the times that a fnachine is
'Fn_'l'h—rl't_rﬂ_l_ﬁﬁ_h_'lﬂ_jl ched on. This Is practical for pneumatically or electrically powered machines. The devices usually

enable times to be read-off to the nearest second and have a reset function and a key switch to prevent
tampering.

Practical limitations

These devices are unable to distinguish variations in vibration exposure, for example, in different
operating conditions or when different tools are used with the machine.

These devices are also unable to identify whether the worker’s hand comes into contact with the
machine or whether the machine is operated by other workers. Observance of these preconditions
needs to be ensured by visual monitoring or by a combination of several other detectors, for example,

by

©lI

identifying the worker or with contact sensors on the grip.
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A.4 Machine timer — Vibration exposure timer

A distinction needs to be made between timers attached to the machine or to the operator’s wrist.

a) Vibration exposure timers are attached to a vibrating part of the machine. From a trigger
threshold, machine operation times are usually timed to the nearest second. These devices have a
reset function and a display or read-out function.

These devices are suitable for machines without an external energy supply or if the energy supply

is not

easy to measure, e.g. on impact machinery.

Pract

Varia
thres
conta

b) Automated vibration exposure calculators are attached to a vibrating part of the machi

They
They
pre-s

cumulative exposure and can be warned when pre-set limit values are reached.

Thess
is not

Pract

Varia
thres

c) Persc
timer
are cg
proce

suppf
Pract

The t
impo¢

A.5 Vib

Vibration
is typical
calculated

ical limitations

[ions in vibration exposure can only be detected to a limited extent, assuming thatrvibrat

ct with the machine or to assign the worker to the machine.

use vibration to detect machine operation. Times are usually timed to‘the nearest seco

bt vibration values to estimate the exposure. The user and/or the-worker is informed of {

devices are suitable for machines without an external enefgy supply or if the energy sup
easy to measure, e.g on impact machinery.

ical limitations

[ions in vibration exposure can only be detected®o a limited extent, assuming that vibrat
nolds can be set.

nal vibration exposure timers are usually'attached to the worker’s wrist like a watch. Thg
5 can usually detect vibration at the witist to time the exposure to the nearest second. Th
pable of manually or automatically assigning vibration to a wide range of machines or w
sses. These devices also typically-have a reset and trigger function. They include functions
essing transient acceleration artefacts, e.g. the hand’s own movement (<5 Hz).

ical limitations

mer cannot be worp~for”all tasks and is a hindrance for some workers or tasks. Its usg
sible for low-vibratien machines because of the high impedance of the hand-arm system.

ration exposure calculator

exposuré-calculators are used for estimating the daily vibration dose. The exposure ti
y determined with the different methods described in A.3 and A.4, and the daily dose
with fixed or user-entered characteristic values for vibration.

on

holds can be set. Without additional detectors, it is not possible to detect a hand goming into

he.
hd.

are allocated to an individual worker and record the usage time for,each machine and yse

he

bly

on

pse

ey
rk
for

is

me
is

The user and/or the worker can be informed when specific values (trigger, action and limit values) are

reached.

NOTE 1

As an option, a permanent display of the actual value can be useful.

PC-based systems can have a function for analysing the distribution of vibration exposure of individual
workers or in connection with certain tasks over time. This analysis can serve as the basis for or as a
help in protecting workers from vibration by organizational measures.

NOTE 2

Organizational measures are dealt with in CEN/TR 1030-2 and CEN/TR 15172-2.
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