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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
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Introduction

Operating machinery may expose workers to hand-transmitted mechanical vibration which can interfere with
comfort, working efficiency and, in some circumstances, health and safety. The general requirements for measuring
and evaluating hand-transmitted vibration exposure are specified in 1SO 5349-1. The aim of the present part of
ISO 5349 is to provide practical guidelines in accordance with 1SO 5349-1 to perform measurements correctly and

to develop a

n effective strategy for measurement of hand-transmitted vibration at the workplace.

The use of t
operator at t

The evaluati
—  identify
—  selectio
—  measur

—  evaluat

he strategy described in this part of ISO 5349 will lead to a realistic picture of the daily expos
he workplace and of the relevant uncertainties.

pn of vibration exposure can be broken up into a number of distinct stages:

ng a series of discrete operations which make up the subject's normal working'pattern;
n of operations to be measured;

ng the r.m.s. acceleration value for each selected operation;

on of the typical daily exposure time for each operation identified;

— calculating the 8-h energy-equivalent vibration total value (daily,vikration exposure).

The evaluat

on of vibration exposure as described in 1SO 53491\is solely based on the measurement g

magnitude gt the grip zones or handles and exposure times,\Additional factors, such as gripping and f¢g

applied by t
conditions, 4
not define g
information i

he operator, the posture of the hand and arny;the direction of the vibration and the envi
tc. are not taken into consideration. This paft of ISO 5349, being an application of 1SO 534

5 important for the development of improved methods for the assessment of vibration risk.

ure of the

f vibration
ed forces
ronmental
9-1, does

uidance to evaluate these additional factors. However, it is recognized that reporting of aJl relevant

vi
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1 Scope

This part of ISO 5349 provides guidelines for the measurement and evaluation of hand-transmitted vibration at the
workplace in accordance with ISO 5349-1.

This part of ISO 5349 describes the precautions to be taken to make representative vibration measurements and to
determine the daily exposure time for each operation in order to calculate the 8-h energy-equivalent vibration total
value (daily vibration exposure). This part of 1SO 5349 provides a means to determine the relevant operations
which should be taken into account when determining the vibration exposure.

This part of 1ISO 5349 applies to all situations where people are exposed to vibration transmitted to the hand-arm
system by hand-held or hand-guided machinery, vibrating workpieces, or controls of mobile or fixed machinery.

2 Normative references

This Eurdpean Standard incorporates by dated or undated reference, provisions from \ether publicafions. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated refg¢rences, subsequent amendments to or revisions of any of these publications apply to this European
standard pnly when incorporated in it by amendment or revision. For undated_references the latest gdition of the
publicatiop referred to applies (including amendments).

ISO 2041( Vibration and shock — Vocabulary.

ISO 5349{1:2001, Mechanical vibration — Measurement and evaluation of human exposure to hand-transmitted
vibration 4 Part 1: General requirements.

ISO 5805| Mechanical vibration and shock — Human exposure - VVocabulary.
ISO 8041 Human response to vibration — Measuring instrumentation.

ISO 8662|(all parts), Hand-held portable power tools.= Measurement of vibrations at the handle.

3 Terms and definitions and symbaols
3.1 Terms and definitions

For the purposes of this part of SO 5349, the terms and definitions given in ISO 2041 and ISO 5B05 and the
following @pply.

3.1.1
hand-fedjmachine
machine Wwhere the operator feeds workpieces to the working part of the machine, such that the vibration exposure
is obtainef through*the hand-held workpiece

EXAMPLE| band-saw, pedestal grinder

3.1.2

hand-guided machine

machine which is guided by the operator with his hands, such that the vibration exposure is obtained through the
handles, steering wheel or tiller

EXAMPLE ride-on lawn mower, powered pallet truck, swing grinder

31.3

hand-held workpiece

workpiece which is held in the hand, such that vibration exposure is obtained through the hand-held workpiece
rather than, or as well as, through the power tool handle

EXAMPLE casting held against a pedestal grinder, wood fed into a band-saw

© 1SO 2001 — All rights reserved 1
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3.1.4

hand-held power tool

powered too

EXAMPLE e

3.1.5

| which is held in the hand

lectric drill, pneumatic chisel, chain saw

inserted tool
interchangeable or replaceable attachment which fits into or onto a power tool or machine

EXAMPLE d

rill bit, chisel, chain saw chain, saw-blade, abrasive wheel

3.1.6
operation
identifiable t
single powe

31.7
operator
person using

3.1.8
tool operati
any period d

3.1.9
workpiece
item being o

3.2 Symbg
In this part o

anwi  Sing

opetation 1, in m/s2. An additional suffixX, y or z is used to indicate the direction of the measure

Ahwi

vibrd
(roo

Ahvi

A®R)
Ai(8)

daily

par

To refe

T; total

on

contfibution of opération i to the daily vibration exposure, in m/s2 (for convenience, this is referreq

sk for which a representative vibration magnitude measurement is made, this may be for th
tool, or hand-held workpiece type or for a single phase of a task

a hand-fed, hand-guided or hand-held machine or power tool

uring which a power tool is operating and the operator is being.exposed to hand-transmitted

perated upon by a power tool

S
f ISO 5349, the following symbols are uséed:

e-axis root-mean-square (r.m.s.)-valde of the frequency-weighted hand-transmitted vib

Ky Ahwiy and ahwiz

tion total value (formerlyldenoted vector sum or frequency-weighted acceleration sum) for g
-sum-of-squares of the_dnwi values for the three axes of vibration), in m/s2

vibration exposure) in m/s2

ial vibratien\exposure*)
ence duration of 8 h (28800 s)

diiration (per day) of vibration exposure to operation i.

e use of a

ibration

ration for
bment, i.e.

peration 1

to as the

4 Quanti

ties to be evaluated

There are two principal quantities to be evaluated for each operation i during exposure to vibration:

the vibration total value ayyi, expressed in metres per second squared (m/s2); this value is calculated from the

three single-axis root-mean-square values of the frequency-weighted hand-transmitted vibration ahyix, @hwiy and

Ahwizs
the durati

on (per day) T; of vibration exposure to operation 1.

The principal parameter to be reported is the daily vibration exposure 4(8). This is calculated from the values of
anyi and T; for all operations 1 (see clause 8).
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aration of the measurement procedure

5.1 General

The work of an operator at a workplace is composed of a series of operations, some of which may be repeated.
The vibration exposure may vary greatly from one operation to another, either due to the use of different power

tools or m

achines or different modes of operation of one power tool or machine.

To evaluate daily vibration exposure, it is first necessary to identify the operations which are likely to contribute
significantly to the overall vibration exposure. For each of these operations, it is then necessary to decide on
procedures for measuring the vibration exposure. The methods to be used will depend on the characteristics of the

work envi
5.2 Sele
It is imp
contributig
necessary
a) sourd
b) modsg
-
load
- @
avail
c) chan
- @
unde
- @
shap

d) inserfed tools which might affect vibration exposure, e.g.:

- [e

- [e

In addition, it can be usefuldo.obtain

e) inforn
magn

f) estim

vibrafion emission values, see annex A, or using published results of previous measurements on S

tools,

onment, the work pattern and the vibration source.

ction of operations to be measured

rtant to make measurements for all the power tools or workpieces which may give
n to the daily vibration exposure. To obtain a good picture of the average  daily vibration e
to identify all

es of vibration exposure (i.e. the machines and tools being used);

s of operation of the power tool, e.g.:

a significant
Xposure it is

hain saws may be idling, operating under load while cuttingthrough a tree trunk, or operating under low

Wwhile cutting side branches,

power drill may be used in impactive or non-impactive\modes and may have a range of sp
hble;

jes in the operating conditions where this might affect vibration exposure, e.g.:

road breaker being used initially on a hard concrete surface followed by use on th
rneath,

grinder being used initially for bulk-.nietal removal followed by more intricate operations of
ng;

sander may be used with-a.series of different grades of abrasive paper, ranging from coarse

stonemason may us€ a pneumatic chisel with a range of different chisel bits.

nation from workers and supervisors on which situations they believe produce the high
itude;

ates of-the potential vibration hazards for each operation, using information from manu

eed settings

. softer soil

tleaning and

to fine,

pst vibration

facturers on
imilar power

5.3 Organization of the measurements

The organization of measurements can be approached in four basic ways:

a) Long-term measurement of continuous tool operation

The operation time is long and continuous, and during this time the operator maintains contact with the
vibrating surface. In this case the vibration measurement can be made over long periods during the normal use
of the power tool. The operation may include changes in vibration magnitude, provided that they are part of the
normal working procedure.

In addition to vibration magnitude information, the evaluation of daily vibration exposure requires an evaluation
of the duration of exposure to vibration per day.

© 1SO 2001
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b) Long-term measurement of intermittent tool operation

The operation time is long but includes short breaks where there is no vibration exposure, however, during the
operation and breaks the operator maintains contact with the (vibrating) surface. In this case the vibration
measurement can be made over long periods during the normal use of the power tool, provided that any
breaks in operation are part of the normal working procedure and that the operator does not lose contact with
the power tool or hand-held workpiece, or significantly alter position of his hands on the power tool or hand-
held workpiece.

In addition to vibration magnitude information, the evaluation of daily vibration exposure requires an evaluation
of the duration of exposure to the operation per day. In this case the duration of exposure to the operation
includes the short breaks in vibration exposure and so will be longer than the duration of exposure to vibration.

c) Short-term measurement of intermittent tool operation

In many situations the hand is often taken off the power tool or hand-held workpiece, e.g. the-power [tool is put
down, the hand is moved to a different part of the power tool, or another hand-held workpiece“is picked up. In
other sifuations, changes have to be made to the power tools being used, e.g. different-abrasive bglts or drill
or alternative power tools used. In these cases short-term measurements can -only be mgde during
each phase of the work operation.

In somq cases it is difficult, or impossible, to get reliable measurements during. the normal work prdcess, due
to the gxposure durations being too short for measurement purposes. In, this’case measurements may be
made during simulated work operations which artificially arrange longer gninterrupted exposures (with work
conditiops as near to normal as possible.

In addition to vibration magnitude information, the evaluation of daily_vibration exposure requires an gvaluation
of the exposure duration associated with each work phase.

d) Fixed-dyration measurement of bursts of tool operation or single or multiple shocks

Some operations involve exposure to short-duration bursts‘ef vibration exposure, this may be single ¢r multiple
shocks,[such as riveting hammers, nail guns, etc., or bursts of exposure, such as powered impact wrg¢nches. In
such cakes it is often difficult to make an evaluation of\actual exposure times, although the number of bursts of
vibratiof per day can be estimated. In this casecmeasurements may be made over a fixed duration which
includeg one or more complete tool operations. The duration of measurement should include as|little time
before, petween and after bursts of vibration:as)possible.

In addition to vibration magnitude information and the estimate of the number of bursts of vibration ¢xposures
per day| the evaluation of daily vibration éxposure requires information on the measurement duratign and the
number|of bursts of vibration during'the measurement period.

NOTE 1 Injthe case of exposing the worker to multiple single shocks or transient vibration (e.g. fastening tools), the method
described in IBO 5349-1 may not’beradequate and underestimate the severity of shock exposure. However, in the alpsence of a
better method, 1SO 5349-1 mayybe applied but this should be done with caution and be indicated in the informgtion to be
reported.

NOTE 2 Where measurements of vibration magnitude are to be compared (e.g. to compare the vibration produged by two
different powgr tool or-inserted tool options) it is important to make measurements of continuous tool operation, {.e. with no
breaks in vibration-exposure.

5.4 Duration of vibration measurements
5.4.1 Measurement during normal working

A measurement should be an average over a period which is representative of the typical use of a power tool,
machine or process. Where possible, the measurement period should start when the worker's hands first contact
the vibrating surface, and should finish when the contact is broken. This period may include variations in the
vibration magnitude and may even include periods when there is no exposure.

Where possible, a series of sample measurements should be taken at different times of the day, and averaged, so
that variations in vibration through the day are accounted for.

NOTE The average vibration magnitude of a series of N vibration magnitude samples is given by

4 © 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=d551eee76dcdac29f42cc1635232aa07

ISO 5349-2:2001(E)

where
Anwj is the measured vibration magnitude for samplej

I is the measurement duration of sample j

T t;

j=1

Vibration exposures are often for short periods, which are repeated many times during a working d
measurements can be averaged over complete cycles of operation (including periods when the Wibrat
switched [poff), normally it is only possible to average over the short period that the hand.is" in con
vibrating gurface.

The mini
character
should b
duration

um acceptable duration of measurements depends on the signal, .instrumentation ar
tics. The total measuring time (i.e. the number of samples multiplied by-the duration per m
at least 1 min. A number of shorter duration samples should be taken in preference to &
easurement. For each operation, at least three samples should be taken.

Measure

low-frequ
unavoida
take many

ents of very short duration (e.g. less than 8 s) are unlikely to bé)reliable, particularly in their
ncy components, and should be avoided where possible. Where very short duration measy
le (e.g. certain types of pedestal grinding for which contact times can be very short), it is
more than three samples to ensure a total sample time'greater than 1 min.

5.4.2

S|mulated work procedures

Where m
can be us

pbasurements are not possible, or difficult, duritig normal tool operation then simulated work
ed to simplify the vibration measurement process.

The main
during no
per castir
grinding o

use of simulated work procedures is torachieve measurements over longer periods than coul
mal production work. For example;‘the pedestal grinding of small castings may only last a
g; rather than try to measure for ‘short durations on many castings it may be possible to
n a small number of scrap castings, using each scrap casting many times.

Picking up, putting down or replacing-the power tool or hand-held workpiece may disturb the measure|
disturban¢es may also be avoided by measuring during simulated work procedures which can be desig
any interryiptions between operations.

5.5 Estifnation of daily vibration duration

The daily
time will b

exposure duration for each vibration source shall be obtained. Often a typical daily vibrati
e based-on

— a measurement of the actual exposure time during a period of normal use (e.g. as evaluated ove

hy. Although
on source is
act with the

d operation
pasurement)
1 single long

pvaluation of
rements are
advisable to

procedures

i be allowed
few seconds
simulate the

ment. These
ned to avoid

pNn exposure

a complete

work cy clelor rIllring a f\]/pir\:\l 30 min pnrind) and

— information on work rate (e.g. the number of work cycles per shift or the shift length).

The first of these will be a measurement to determine how long an operator is exposed to vibration, and from what

source, during a specified period. Various techniques may be used, for example:
— use of a stopwatch;

use of a dedicated data logger linked to power tool usage;
analysis of video recordings;

activity sampling.
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The most reliable source of information on typical work rate is work records. However, it is important to ensure that
the information is compatible with the information required for an evaluation of daily vibration exposure. For
example, work records might give very accurate information on the number of completed work items at the end of
each day, but where there is more than one operator, or unfinished work items at the end of a shift, this information
may not be directly applicable to a vibration exposure evaluation.

Whichever method is used for vibration measurement, the total exposure time per day has to be found. Where the
vibration has been averaged over a complete work cycle, the daily exposure time is simply the duration of the work
cycle multiplied by the number of cycles per day. If a measurement has been made for a period while the hand is in
contact with the vibrating surface, evaluate the total contact time per day.

Warning! In general, when operators are asked for mformatlon on thelr typical da|Iy power tool \usage, they will
normaIIy oVve IGbLIIIIdLe glVIllg dall Ebllllldlb‘ UI lllt} pGIIUU UI lllllt! IUI Wlllbll d POwel lUUI Ib uaeu IIILIUUIIIQ pauses |n
tool operation (e.g. breaks in tool operation between nuts when operating a nut runner or the time to prepare a new
workpiece).

NOTE ISP 5349-1 only provides a system for evaluating daily vibration exposure on one working day; it ,cannot be assumed
that the methed provided by ISO 5349-1 can be extrapolated to allow the averaging of exposures over ‘periods greaté¢r than one
day. Howevef, in some situations it may be desirable to obtain an evaluation of exposure based“on exposure |nformation
obtained over periods greater than one day. For example, in some types of work the amount of tiivie ‘Using vibrating power tools
changes significantly from one day to the next (e.g. industries such as construction or ship building and repair); it is then difficult,
or impossiblg, to use observation or work records to obtain an indication of typical daily)exposure times. Annex B gives
examples of methods which have been used for evaluating vibration exposures over periods greater than one day.

6 Measurement of vibration magnitude

6.1 Measurement equipment

6.1.1 Genleral

Vibration mgasurement systems generally use accelerometers to detect the motion of the vibrating sufface. The
vibration sighal from the accelerometer can be processed in a number of different ways to achieve a measure of
the frequendy-weighted acceleration.

Vibration measurements may be made using simple, single-unit vibration meters, featuring built-in [frequency
weightings gnd integrating facilities. These systems are designed primarily to evaluate the vibration expogure at the
workplace; they are generally sufficient fer*most situations covered by this part of 1ISO 5349. Howevgr, simple
instrumentation may not be able to show_errors associated with vibration measurement.

More sophisficated measurement systems are often based around some form of frequency analysis (e.g.|one-third-
octave or ngrrow band), they may) use digital or analogue data recorders to store time information, they may use
computer-bgsed data acquisition*and analysis techniques. These systems are more costly and complex {o operate
than the single-unit systems:

Where therd is any deult about the quality of the acceleration signal (e.g. DC-shift, see 6.2.4) it is usefpl to have
information from frequency analysis. Frequency analysis will also provide information on any dominant frgquencies,
and harmonics, which may help to identify effective vibration control measures.

At the limits [of@pplication of 1ISO 5349-1 (e.g. repeated single shocks, dominant frequency components gxceeding
1250 Hz) any additional information available e.g. from more sophisticated measurement systems may be useful.

Minimum performance requirements (e.g. frequency weighting characteristics, tolerances, dynamic range,
sensitivity, linearity and overload capacity) for appropriate measuring and analysing equipment are given in
ISO 8041.

6.1.2 Accelerometers

6.1.2.1 General

In general, the choice of accelerometer will be defined by the expected vibration magnitude, the required frequency

range, the physical characteristics of the surface being measured and the environment in which they are to be
used.

6 © 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=d551eee76dcdac29f42cc1635232aa07

ISO 5349-2:2001(E)

6.1.2.2 Vibration magnitude

Hand-held machines can produce high vibration magnitudes. A pneumatic hammer, for example, may generate a
maximum acceleration of 20000 m/s2 to 50000 m/s2. However, much of this energy is at frequencies well outside
the frequency range used in this part of ISO 5349. The accelerometer chosen for the measurement has therefore to
be able to operate at these very high vibration magnitudes and yet still respond to the much lower magnitudes in
the frequency range from 6,3 Hz to 1250 Hz (one-third-octave band mid-frequencies). For the use of mechanical
filters to suppress vibration at very high frequencies, see annex C.

6.1.2.3 Frequency range

y rometer, this
"mounted resonance frequer

e accelerometer (it is sometimes referred to as the

is a chardcteristic of th cy", "natural
frequency|' or "resonance frequency"). Information on the fundamental resonance frequency will’be’ayailable from
the accelerometer manufacturer. 1SO 5348 recommends that the fundamental resonance _frequency should be

five times the maximum frequency of interest (for hand-transmitted vibration,ithis cofresponds to
6250 Hz).| For piezoelectric accelerometers, the fundamental resonance frequency should normally be much

higher, id¢ally greater than 30 kHz, to minimize the likelihood of DC-shift distortion (see 6)2.4).

NOTE The fundamental resonance frequency of the accelerometer should not be confused with the resonance frequency
of the acgelerometer when mounted on a hand-held workpiece or power tool which is a characteristic |of the whole
accelerométer mounting system. In practice, the resonance of the mounted accelerometer on a hand-held workpiece or power
tool will be|substantially lower than the fundamental resonance frequency (see 6.1¢4).

6.1.2.4 Mass influence

When acgelerometers are attached to a vibrating surface the vibration characteristics of that surface| are altered.
The lighter the accelerometer(s) the smaller the error introduced-(see 6.1.5).

6.1.2.5 Environmental conditions

When selecting accelerometers, particularly for us€)in harsh environments, it will be necessary to fonsider the

accelerometer’s sensitivity to temperature, humidity or other environmental factors (see 1ISO 8041).

6.1.3 L
Vibration
hands) w
gripping Z
the most
possible t

Measuren
Such ad3

Dcation of accelerometers

Imeasurements in accordanee with 1SO 5349-1 should be made at or near the surface of
here the vibration enters the body. Preferably, the accelerometer should be located at the 1
one (e.g. halfway aleng-the width of the hand when gripping a power tool handle), it is at this
representative eyaluation of the vibration entering the hand is obtained. However, it is g
D locate transduycers at this point; the transducers will interfere with the normal grip used by th

nents directly~under the hand are usually only possible using special mounting adaptors (s¢
iptors should fit under the hand, or between the fingers. For most practical measur|

he hand (or
niddle of the
location that
enerally not
e operator.

be annex D).
ements, the

accelerometers.are mounted either side of the hand or on the underside of the tool handle adjacent to {he middle of

the hand.

With_adaptors which fit between the fingers, the transducers should be mounted as close a

5 possible to

the surfad

e-0f the tool handle to minimize amplification of rotational vibration components. They sho

Lld not have

any struct

ural resonances which would affect the measured vibration.

It is possible to get differences in vibration measurement across the width of the hand, particularly for hand-held
power tools with side handles, such as angle grinders, and especially where these handles are flexibly mounted. In
these cases it is recommended that two accelerometers positions are used, located at the sides of the hand; the
average of the two vibration measurements is then used to estimate vibration exposure.

For many hand-held power tools, specific measurement locations and axes have been defined for the
measurement of vibration emission by 1SO 8662 and other International Standards; these measurement locations
are summarized in annex A as examples of measurement locations. The measurement locations defined in
ISO 8662 are designed for a particular type of measurement (usually single axis only) and are not necessarily
suitable for the evaluation of vibration exposure. However, in some circumstances it may be appropriate to ensure
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that workplace measurements of vibration are made using locations and axes compatible with those used for
emission measurements.

6.1.4 Attaching accelerometers

6.1.4.1 General

The accelerometers should be rigidly attached to the vibrating surface. Annex D gives details of some mounting
methods. A method shall be chosen which gives an adequate fixing to the vibrating surface, does not interfere with
the operation of the power tool and does not itself affect the vibration characteristics of the vibrating surface. The

mounting me

thad chosenwill ha daenandent on-thae narticitilar maasiiramant cituatian aach mathad h"s |ts own
HHoa—6H H—A—Pe—aepenaeit—oh—tHe—particta—hReastHeeit—sittatoh,—eachi—Hetea—1g

advantages

The mountin
it should ng
system shol
after measu

The mountir
some effect
can work as
workpiece ig
orientation 0

It is very im
machine. It
positioned.

transducers,

6.1.4.2

When a pov
dependent
that the me

and disadvantages.

g system should have a flat frequency response across the range of frequencies being-mea
I attenuate or amplify and should not have any resonances in this frequency range. The
Id be securely fitted to the vibrating surface, and all fixings should be carefullyr¢hecked b
ement.

g of accelerometers on a power tool or hand-held workpiece is necessarily intrusive and
on how the operator works. The mounting of the transducers should he-arranged so that th
normally as possible. It is important, prior to measurements, to observe how a power tool or

f the transducers should be reported.

bortant to avoid interfering with the power tool controls or With the safe operation of a pow
s often the case on power tools, that the best measurenient location is where the on-off
Care shall be taken to ensure that the power tool coptrols are not (and will not become) in
mountings or cables.

Attaching to surfaces with resilient coatings
ver tool handle has a soft outer coatiflg the vibration transmission properties of the coati

n the force with which the mounting:system is attached. In such cases care shall be taken
asurement of vibration is not affected by the resilient material. If the coating is not thoy

providing re(

— remove t
— fix the tra

In most cas
properties o

Generally, r¢

good grip s

If the resilie
resilient mat
normal hand

luction in vibration exposure, either
e resilient material from the.area beneath the transducers, or
sducers using a force& which fully compresses the resilient material.

es this approach-Wwill be adequate. However, it does not account for the vibration tra|
the resilient coating.

silient matérials on power tool handles are not intended to provide vibration reduction but to

face. Any. resilient coatings will not usually affect the frequency-weighted vibration magnitude.

t coating may be providing some reduction in vibration exposure, for example, if it is a thig

sured, i.e.
mounting
efore and

will have
b operator
hand-held

held, to identify the best location and orientation of the accelerometers. The location (or locations) and

er tool or
switch is
peded by

ng will be
to ensure
ght to be

nsmission

provide a

k layer of

rral then fix the transducer to an adaptor (see D 2.4) WhICh |s held agalnst the vibrating surf

the power tool handle and adaptor) Thrs type of measurement is dlfflcult but it could grve a better |nd|cat|0n of the
actual vibration exposure.

NOTE It

6.1.4.3

is possible for poorly selected resilient materials to amplify the vibration at certain frequencies.

Attaching to handles or gripping zones constructed of lightweight, flexible materials

For power tools with handles or gripping zones constructed of lightweight, flexible materials, e.g. plastic side handle
on some sanders and grinders, adhesive may be used to attach low-mass accelerometers to the surface of the

material.
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6.1.5 Accelerometer mass

Fixing accelerometers to a vibrating surface will affect the way the surface vibrates. The greater the mass fitted to
the surface, the greater the effect. If the total mass of accelerometer, or accelerometers, and mounting system is
small compared to the mass of the power tool, power tool handle or hand-held workpiece it is fitted to (less than

5 %), then the effect can be ignored.

NOTE

Practical triaxial measurement systems of less than 30 g have been achieved.

If there is any doubt about the extent of the effect of the transducer's mass then the following test should be used:

a)

Attach the accelerometer(s) to the power tool handle or hand-held workpiece and make a measurement of

vibrafion magnitude.

b) Repe

the p

If the
mourf

c)

6.16 T
Triaxial
However,
situations
measuren

The multi
measured
vibration
are to be

EXAMPLE
grinding off

estimate. The vibration total value is given by

Any

In this exal
assumed t

Ahy

Therefore
estimated

1 2 2 2
T \/ a“ hw,measured~t @" hw,measured + @ hw,measured

F 3a hw, measured = 1, 73 @ hw, measured

at the measurement with an additional mass, similar to that of the accelerometer, separately
pwer tool or hand-held workpiece, positioned next to the accelerometers.

magnitude of the vibration from the two measurements is markedly different allighter acce
ting system should be used.

iaxial measurement

easurement of vibration, using the basicentric coordinate system-defined in ISO 5349-1
there are some situations where triaxial measurement mayynot be possible or necess
ISO 5349-1 requires that an appropriate multiplication “factor is applied to a single-
hent result to give an estimated vibration total value.

plication factor used should be between 1,0 for highly dominant single-axis tools and 1,
axis represents the vibration in all three axes. (A vibration axis is dominant when both non-d
alues are each less than 30 % of the dominantiaxis vibration value.) Where single-axis m¢
Ised, the single axis shall be the dominant axis

1 Where the orientation of a workpiece is _continually changing in the hands of the operator (e.g
small components), one single-axis measurement may be sufficient to provide a representative vibrag

2 2 2
‘/ahwx + ahwy + Ahwz

mple, the estimated vibratign total value is to be calculated from one measured acceleration, anw,med
b be representative of the-vibration in all three axes of the basicentric coordinate system, i.e.

a multiplication factor of 1,73 (rounded to 1,7) should be used to give the estimated vibration tof
ibration total value will therefore be 1,7 times the measured single-axis vibration value.

attached to

lerometer or

is preferred.
ary. In such
or two-axis

7 where the
bminant axis
basurements

the pedestal
tion exposure

sured, Which is

al value. The

EXAMPLE

2

Initial measurements on a road breaker show the vertical axis vibration is dominant and that the vibration in the

other axes is each always less than 30 % of the acceleration in the dominant axis, anw.dominant- In this case the estimated
vibration total value is given by

ahv

2 2

ahw, dominant

2
= \/ + (053 Ahwdominant ) + (0’3 ahW,dominant)

] 2 _
=4/1+2x 0,3 Apy domiant — 1;086 A, dominant

A multiplication factor of 1,086 (rounded to 1,1) is therefore appropriate. The estimated vibration total value will therefore be 1,1
times the dominant axis vibration value.
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6.1.7 Simultaneous and sequential measurement

Simultaneous measurement of vibration along three axes is preferred. However, some instruments only allow
single-axis measurement, and on very light objects it may only be advisable to measure in one direction at a time
(sequential measurement), due to the need to ensure that the total mass of the accelerometers and mounting
system is small compared to the mass of the power tool, power tool handle or hand-held workpiece.

Where sequential measurements are made, it is important to ensure that all operating conditions remain the same

for the three

6.1.8 Freg

measurements of X-, y- and z-axis vibration.

uency weighting

Details on th
Frequency W
— analogue
— digital filte

— applicatio

It is important that digital methods, such as digital filtering and Fast Fourier Transform (FFT) analysis, ar

capable of
6,3 Hz to 17
enough to o

It is importg
percussive t
per second
functions sh
frequency in

6.1.9 Use
Data record
the same da

Data record
recording sh
reliably reco
in the low-fr
offer better ¢
range.

Some analo
by the data;
information.

e frequency weighting parameters are given in ISO 5349-1 and ISO 8041.
eighting can be achieved by

filters;

ring of the time signal;

n of weighting factors to one-third-octave band or narrower-band frequénc¢y analysis spectra.

roviding accurate analysis over the full frequency range coveréd by the one-third-octave b
50 Hz. The analyses should provide good resolution at low-frequencies, and use a samplg
ptain accurate information at high frequencies.

nt that FFT analyses use appropriate time windowing.~For continuously operating rotary
bols, the Hanning window function is often suitable..Forimpactive tools, where the impact rats
is less than 10 times the frequency increment ‘of the narrow-band analysis, then othg
buld be considered. For very low impact rates,e:g. where the impact rate is equal to or les
crement, then a triggered analysis using an exponential window is recommended.

of data recorders

ng of vibration signals can often’be useful, allowing analyses to be performed in a variety
ta set.

ng can be achieved either using analogue or digital recording techniques. In all cases
all have sufficient dynamic range to ensure that vibration signals over the full frequency ran
rded. Analogue data-recorders often have dynamic ranges from 40 dB to 50 dB which will usd
pbquency components of the acceleration signal being lost in the magnetic tape noise. Digitg
ynamic range characteristics, although care still needs to be taken to ensure best use of the

jue and-some digital recording systems use data compression techniques to minimize the sp
these’techniques should be avoided, unless it can be shown that such systems do not |

e properly
ands from
rate high

or rotary
e (impacts
r window
5 than the

f ways on

the data
je can be
ally result
| systems
available

ace taken
bse signal

Measurement instrumentation which includes a data recording element, should conform to the requirements of

ISO 8041.

6.1.10 Measurement range

Most instruments allow the user to select the maximum acceleration magnitude that the instrument can measure.
This setting defines the actual measurement range of the instrument. Where the user has to select the input range
of the instrument, the appropriate measurement range can be determined by performing trial measurements. To
obtain the best signal-to-noise performance, select the lowest possible measurement range without overloads.
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6.1.11 Averaging times

Vibration magnitudes should be averaged over periods of normal use of the power tool, or periods of contact with a
hand-held workpiece. An r.m.s. average, using linear averaging, over one or more complete operations or work
cycles, should be used.

Exponential averaging should only be used where the vibration instrumentation does not allow linear averaging and
the vibration signal is steady enough to allow a reliable evaluation of average vibration value.

6.2 Sources of uncertainty in vibration measurement

6.2.1 Cpble connector problems

The most common problem with the measurement of hand-transmitted vibration is ensuring that a reliable

connectio
ensure th
at the con
be subjec

Faulty sig
vibration.

N is maintained with between the accelerometer and the signal cable. In general, care ‘Should
ht any cable connections are secure and that the cables have not been damaged_iti any way.
nection to the accelerometer, great care should be taken to ensure that the eable and conn
ed to undue stresses as the power tool or hand-held workpiece is operated:

nal connections can show up simply as the loss of signal, in whichzease it appears that
An intermittent loss of signal connection can show up as DC-offsets, between which the sig

be taken to
In particular
pctor will not

there is no
nal appears

normal.

ble screening connections can cause electrical pickup, jdtroducing high levels of mains electricity
harmonically
piezoelectric
ection in the

Faulty c
frequencigs. For electrical tools, where the dominant vibration frequency is normally equal to or
related tq the mains electricity frequency, it can be difficult, o~ detect this type of fault. For
accelerometers, which use signal conditioning amplifiers with high*impedance inputs, the loss of conn

cable earth screening can cause extreme pickup of electrical,mains frequencies.

6.2.2 E|ectromagnetic interference

It is impoftant to prevent electrical, magnetic or eléctromagnetic fields affecting the vibration measurgment. In the
case of capacitively and inductively coupled intefference signals, the effect of inevitable electromagnelic fields can
be reducqd by the following means:

— screenjng cables;

— use of fwisted cables;

— earthing the signal cable's scfeening at one end only, normally at the amplifier end;

— provisipn of a connection:to.the transducer balanced to earth (e.g. by using a differential amplifier);

— avoidirlg signal cables_running parallel to power cables;

— provisipn of eleetrical insulation between the accelerometer and the vibrating surface.

6.2.3 Tfiboelectric effect

Instrument-cables-should-not be-exposed-to-high-amplitude vibrational stress-because particularly in-systems with

a high internal resistance (e.g. piezoelectric accelerometers), electrical signals are produced as a result of
deformation. For this reason signal cables should be secured to the vibrating surface, near to the accelerometer
(for example, using adhesive tape). For pneumatically powered hand tools, fixing the cables at regular intervals
along the air supply line is generally effective.

6.2.4 DC-shift

Exposing piezoelectric transducers to very high accelerations at high frequencies, for example on percussive tools
having no damping system, can cause the generation of DC-shift, where the vibration signal is distorted such that a
false additional low-frequency component appears in the vibration signal. The DC-shift distortion occurs in the
transducer and is due to excitation of transients which are too large for the transducer, overloading the piezoelectric
system mechanically. A means to avoid DC-shift can be a mechanical filter, see annex C.
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The presence of DC-shift is first noticeable in the low-frequency region below the percussive frequency; for this
reason DC-shift can usually be detected from a frequency analysis of the vibration signal. The distortion can show
on a frequency analysis unrealistically high values of low-frequency vibration. Converting the unweighted root-
mean-square (r.m.s.) acceleration, a, to displacement, d, using d = a/(40 f?), (where f'is the centre frequency of
the frequency analysis band) will often provide an indication of whether DC-shift has occurred. If the displacement
calculated from the acceleration spectrum is clearly larger than the observed motion of the transducer (e.g. greater
than twice the observed motion), it is likely that DC-shift has occurred.

If DC-shift has occurred, it is detected by examining the low-frequency components of the vibration signal.
However, the DC-shift distortion will affect the entire vibration spectrum. For this reason any measurements

showing signs of DC-shift should be disregarded; frequency-weighted vibration values should not be determined
from SpeCtl‘ sdhibitina MO _chift bags v ins Ar e~ Alh e Toaag franiainay cinactra Ihon e

bAIIIMILIIIu Do oy TCTHOVITTg O OOy g Tovy - T CO Ut Ty Spt Tttt oar oS,

6.3 Check|and verification of the measurement chain

6.3.1 Regular checks of functionality

The whole measurement chain shall be checked, both before and after a sequence of mmeasurements, by using a
vibration calibrator (a reference vibration source) which produces known sinusojdal “acceleration at|a known
frequency.

NOTE Il practice, the sensitivity of accelerometers rarely drifts during measurements, however, they may suffer
mechanical fdilure. Therefore changes in apparent sensitivity should be noted and méasurements discarded if necesgary.

6.3.2 Routine verification of the measurement system

The charactgristics of the measurement system should be verified ‘6n’a regular basis (e.g. every 2 yeais). These
verification ghecks should ensure that the instrumentation is funetioning within the tolerances defined in|ISO 8041
(see also DIN 45671-3).

In addition t@ regular verification, the measurement system'should be verified after rough handling of any|important
part of the measurement system. The results of these verification checks shall be recorded.

7 Uncerfainty of evaluation of daily vibration exposure

7.1 Accelefation measurement uncertainty

When measpring vibration transmitted to workers the uncertainty will be affected by factors related to|individual
measurements, such as

instrumerjtation accuracy;

calibration;

— electrical [interferenee;
— mounting|of accelerometers;

— mass of dceelerometers;

— location of accelerometers;

— changes from the normal operation of the power tool and changes to hand posture and applied forces brought
about by the measurement process (i.e. mounting of accelerometers and associated cables);

— changes in the operator’'s method of working, as a response to being the subject of the measurement.

In addition uncertainty of the overall evaluation of vibration exposure will be affected by changes which occur in the
course of any working day, such as

— changes in the condition of power tool and inserted tool (e.g. changing the wheel of a grinder may change the
vibration transmitted to the operator dramatically);

— changes in posture and applied forces;

— changes in the characteristics of the materials being processed.

12 © 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=d551eee76dcdac29f42cc1635232aa07

ISO 5349-2:2001(E)

NOTE 1 The uncertainty associated with instrumentation and calibration, electrical interference and mounting and mass of
accelerometers will usually be small compared with the uncertainties which arise from selection of measurement location and
variability in the work operation.

NOTE 2 When investigating the history of exposure of individuals it is desirable, if possible, to measure the vibration of
machines and inserted tools of different generations and different states of maintenance.

NOTE 3 When the purpose of the measurement is evaluation of vibration exposure associated with a specific task, the

differences between operators (variation in expertise, stature, etc.) may also be a source of uncertainty (see 7.3).

7.2 Exposure time measurement uncertainty

The unceftainty of the estimation of exposure time is affected by the uncertainty of
— measufements of the durations of exposure;
— estimates of the number of work cycles per day;
— exposyre time estimates supplied by the operators (see annex B), this may come from misinterpratation of the

guestign (confusion between usage of the power tool and real exposure to vibration), as well as pgor estimates

of the gurations for which exposure to vibration occurs (see 5.5).
7.3 Evalluation of uncertainties
The sourges of uncertainty depend on the operation measured. Thel experimenter should determipe the main
sources (p.g. wheel unbalance in the case of grinders) and multiplexmeasurements should be made¢ in order to
determing the extent of the uncertainty and to calculate the standard deviation regarding the dominamt sources of
uncertainty (e.g. it may be useful to measure a grinding machine with wheels of different unbalance).
If the purpose of the measurement is not to evaluate the vibration exposure of a specific worker, but to |evaluate the
exposure |of a specific task, the evaluation of vibration exposure should, if possible, be based on mg¢asurements
using at Igast three different workers. The reported result shall be the arithmetic mean of the measufements, the
standard @leviation should also be recorded.
8 Calcpulation of the daily vibration'exposure
In many dases a worker's daily vibratien\exposure comes from a number of operations. For each opgration 1, the
vibration tptal value, anyi, and the exposure time to that source, 7;, shall be measured. The daily vibration exposure
A(8), in nj/s2, shall be obtained frem

1 n
A®)= [—> aluT: (1)
To o
where
Ty is|the réference duration of 8 h (28800 s)
n islthe’number of operations

In order to facilitate comparison between different operations and to evaluate the individual contribution of a
particular operation to the daily vibration exposure 4(8), it may be useful to calculate the partial vibration exposure
for the individual operation, 4;(8), using

4;(8) = ahvi‘/;:j:)

)
The daily vibration exposure is then given by
A®) = )
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A(8) should be evaluated separately for both hands of the operator.

The uncertainties associated with the evaluation of 4(8) are often high (e.g. 20 % to 40 %). Therefore, values of
A(8) should not normally be presented with more than two significant figures.

Practical applications of the calculation of the daily vibration exposure are given in annex E.

9 Information to be reported

The evaluation report shall refer to this part of ISO 5349 and provide, dependent on the situation investigated, the
following infarmation:

a)

b)

<)
d)

14

Genefal information:
company/customer;

purpose of the measurements (e.g. evaluation of vibration exposure of individual wérkers, workg
evaluation of control measures, epidemiological study);

date of evaluation;

subjedt or subjects of the individual exposure evaluation;
persof carrying out the measurements and evaluation.
Envirpnmental conditions at the workplace:

locatign of measurements (e.g. indoor, outdoor, factory area);
tempefature;

humidjty;

noise.
Information used to select the operations measured (see 5.2).
Daily work patterns for each operation evaluated:

description of operations measured,;

machipes and inserted tools used;

materigls or workpieces used;

patterps of exposure (e.g..working hours, break periods);

informjation used to,determine daily exposure times (e.g. work rate or numbers of work cycles or cg
per day, durations;ef*exposure per cycle or hand-held workpiece).

Details of vibration sources:

technital’description of the power tool or machine;

br groups,

mponents

type or model number,

age and maintenance condition of the power tool or machine;

weight of the hand-held power tool or hand-held workpiece;

vibration control measures on the machine or power tool, if any;

type of hand grip used;

automatic control systems of the machine (e.g. torque control on nut runners);
power of the machine;

rotational frequency or percussive speed;
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— models and types of inserted tools;

— any
f) Ins

— inst

additional information (e.g. unbalance of inserted tools).
trumentation:

rumentation detail;

— calibration traceability;

— date of most recent verification test;

— results of functionality check;

— reslits of any interference tests.

0) Ac

— acc

celeration measurement conditions:

blerometer locations and orientations (including a sketch and dimensions);

— methods of attaching transducers;

— mag
— ope
— arm
— any|

h) Me

s of the transducers and mount;

rating conditions;

posture and hand positions (including whether the operator is left- gt right-handed);
additional information (e.g. data on feed and grip forces).

asurement results:

y- and z-axis frequency-weighted hand-transmitted vibration values (@hwix, @hwiy and dnwiz)
h operation;

- meIsurement durations;

— iffr

— if si
(inc]

use

i) Da

— vibr|

— par
— dail

— €eval

guency analysis is available, the unweighted-frequency spectra;

ngle- or two-axis measurements were used, the multiplying factors to give vibration total val
uding justification for using single- or(two-axis measurements and justification for the multig
).

ly vibration exposure evaluatioh.résults:

ption total values, ayyi, foreach operation;

- dur]nion of vibration expesure for each operation, 7j;
i

al vibration exposgres for each operation, 4;(8), if available;
y vibration exposure, A(8);

uation of the uncertainty of daily vibration exposure results.

possibly for

le estimates
lying factors
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AA1

or a pistol g
the measurg
guards may
locations for

A.2 Mg

Table A.1 lis

Annex A
(informative)

Examples of measurement locations

Introduction

a closed or ppe
ip, the location of the trigger may make measurement halfway along the handle impossible’ |
ment location usually has to be to one side of the hand. The location of power_controls
also affect where it is possible to fix accelerometers. Figure A.1 shows examples’ of mea
some common power tools.

asurement locations used in vibration type test standards

ts, as examples, the measurement locations specified in ISO 8662-2 to 1ISO 8662-14, 1ISO

ISO 7916 winich specify laboratory methods for measuring the vibration atithe-handles of different hand-h

tools for the

The locatiorn
exposure. T
vibration exf
tool, rather t
standards is
tool and app

The example
handles).

purpose of determining vibration emission values.

s shown in Table A.1 are good solutions, but may not-be appropriate for the measurem
ne objectives of an exposure measurement are very-different to those of a type test. For ev
osure, the location of the accelerometers shall be"based on where the hand actually holds
han where the power tool is held during a type test. The principal requirement of the vibratio
that measurements are made in the main gripping zone where the operator normally holds
ies the feed force. In general the type teststandards identify only one measurement location

s listed in Table A.1 apply to tools having rigid handles or grip zones (see 6.1.4 for elastically

e body in
bow grip
h practice,
and hand
isurement

7505 and
eld power

ent of the
luation of

Ihe power

type test
the power
and axis.

mounted
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ure A;1— Examples of practical measurement locations for some common power tool
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Annex B
(informative)

Evaluation of vibration exposure over periods greater than one

Introduction

) daily vibration exposure defined in ISO 5349-1 is not intended for use over periods greatend
Lidance given in annex C of 1ISO 5349-1:2001 is based on work situations where daily vibrati
ng.

work situations, it may be desirable to obtain an evaluation of exposure based on exposurg
pver periods greater than one day. In some types of work the amount of time ‘0sing vibrating
ignificantly from one day to the next (e.g. industries such as construction-ar ship building ang
ult, or impossible, to use observation or work records of a single day's-work to obtain an

(e.g. lifetime exposure) may be useful.

This anne

X gives examples of methods which have been used for eyaluating vibration exposures

greater than one day. Where vibration exposure is evaluated over.periods greater than one day, the
not be us¢d to determine risks to health. Where such evaluations @ré carried out, evaluation of actual d

exposure

should also be made and reported.

day

e system for

han one day
on exposure

b information
power tools
repair); it is

indication of

ly exposure times. In other situations values representing total vibration“exposure over extended periods

bver periods
results shall
aily vibration

B.2 Estimating typical daily vibration exposure when exposure varies from day to day
In cases yhere a worker is exposed to vibration on-a daily basis but the vibration exposure will change from one
day to the next (e.g. in construction projects where one work task takes more than one day), it may|be useful to
compare fypical vibration exposures, for example when developing vibration control plans. In this cade the typical
daily vibrdtion exposure estimate, Aypical(8), is given by
N
1
Awca®)F [N 2 A3(8)
d=1 (B.1)
where
Al(8)  is thedaily vibration exposure on day d
N is thesnumber of working days over which the estimation is to be determined.
If the vibrationnmagnitude is the same on each working day (i.e. the same power tool is used each day)| but the time
for which the-power tool is used changes from day to day, then the equation becomes:
ta
Atpica(8) = anv,| -
. To (B.2)

where

any is the vibration total value for the operation
To s the reference duration of 8 h (28800 s)
Zd is the average daily exposure duration.

NOTE This estimate assumes that the time dependency for the calculation of 4(8) is valid over periods greater than one day.
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B.3 Procedure when vibration exposure does not occur on every working day

Vibration exposure may occur on an irregular basis, such as operations which take place on one day but not on
others (e.g. cupola cleaning in foundries). In such cases for those days for which a vibration exposure existed, the
daily vibration exposure and the number of work days per week, per month or per year, for which this vibration
exposure occured, should be reported.
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Annex C
(informative)

Mechanical filters

General

eters (see 6.1.2). However, when measuring on percussive or roto-percussive power tools;
echanical filter fitted between the transducer and the vibration source is recommended.
he very high frequency content of the transients, and prevents the mechanical overlo:
ric system. The mechanical filter acts as a low-pass filter attenuating the frequencies whic

p vibration in the frequency range of interest is not influenced.

T v

The DC-shift is a distortion brought about by the charge-coupling of piezoelectric acceleror
bter types, such as piezoresistive accelerometers, are not affected by DC-shift..Therefore, the use
bvent DC-shift is only necessary when using piezoelectric accelerometers.

Al filters may also be useful in reducing the influence of unwanted high-frequency vibr

itive accelerometers to be used than would be possible without the mechanical filter.

Selection

by the mass of the accelerometer. Mechanical filters are available from some transducer m
constructed using suitable resilient materials. For lightweight transducers (around 2 g), a sim
material below the transducer mounts-likely to be sufficient.

anical filter should not alter the. frequency response characteristics of the measurement s
range of interest, i.e. there should be no amplification or attenuation of vibration signals bel

Compara

can be usked to assess the frequency response of a mechanical filter.

The syst

centre of the transduceriis.as close as possible to the vibrating surface.

ditional mass of the mechanical filter should not alter the vibration characteristics of the vibrg
ive measurements with and without the mechanical filter on a power tool which does not prod

consisting of mechanical filter and transducer shall be as compact as possible so as to en

nical filter shall be suitable for the accelerometer. The cut-off frequency of the mechaI

selection of
pr in case of
Such a filter
hding of the
h cause DC-

heters. Other
bf mechanical

htion on the
5 or allowing

ical filter is
nufacturers,
ble thin layer

ystem in the
pw 1250 Hz,
ting surface.
uce DC-shift

sure that the

It is not aglvisable 16 _mount a three-directional transducer system onto one mechanical filter.

C.3 se on axes perpendicular to the percussive axis

A mechanical filter is generally only needed to avoid DC-shift in measurements of acceleration along the dominant
axis of vibration, i.e. along the percussive axis of percussive or impact power tools.

Where DC-shift is a problem along a non-dominant axis of a percussive power tool, mechanical filters should be
used with caution; in such cases mechanical filters may increase the apparent transverse sensitivity to vibration by
allowing excessive rotational motion of the accelerometer. Accelerometers should be fitted with their direction of
minimum transverse sensitivity aligned to the percussive axis to minimize any effect due to rotational motion.

© 1SO 2001 — All rights reserved 27


https://standardsiso.com/api/?name=d551eee76dcdac29f42cc1635232aa07

ISO 5349-2:2001(E)

Annex D
(informative)

Guidance on mounting accelerometers

D.1 Introduction

To fix accel :

some mounting methods are shown, together with the circumstances in which they can be applie
advantages |and disadvantages associated with them. These examples were selected because-of
frequency rgsponse in the frequency range of interest. For further guidance, see 1SO 5348.

D.2 Mounting methods

D.2.1 Styid mounting (screwed)

JdtoD4
and the
their flat

A threaded hole is drilled into the vibrating surface. The accelerometer (or aceelerometers) is attached [directly to
the hole usirjg a standard mounting stud. Adhesive may also be used to prevent the stud from shaking logse.

O

Advantages Disadvantages
GoodArequency response Contact surface shall be flat
Not affected by surface Cannot be used on hand tools,
temperature where it might affect the

electrical or pneumatic safety of
the power tool

Figure D.1 — Stud mounting (screwed)

D.2.2 Mounting by glue or cement
Glue or epoxy resin type cement is used to attach the accelerometer to the vibrating surface. Usually a (di

sposable)

glue mounting stud is used to avoid using glue directly on the accelerometer. The use of soft setting glues or wax is
not recommended because of the poor coupling through such adhesives, which often result in a poor frequency

response.

28 © 1SO 2001 — All rig
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Advantages Disadvantages
Glue Good frequency response Contact surface shall beAflat and
clean
Cement/ Good frequency response Contact surface-shall be clean
epOXy resin | kit to uneven surfaces

Figure D.2 — Mounting

D.2.3 Clamp connections
The accelerometers are attached to a lightweight mounting black

a flexible ptrap. Metal or nylon straps have been successfully used. Nylon cable ties should be of a tyy

be fastengd tightly (ratchet type reusable cable ties ar&not su

frequency| range.

ﬁ
\w)

q) Metal "U" clamp (with metal strap)

by glueor cement

. The block is held against the vibratin

g surface by

e which can

itable). Care should be taken to ensure that any
resonanc¢ frequencies of the mounting assembly afe' high enough above the upper limit of the mpeasurement

<

b) With nylon strap or metal hose

N———

clip

Advantages

Disadvantages

Metal "U" clamp|Suitable for triaxial measurements
(with metal strap)

Bulky and heavy

With nylon strap or|Rapid mounting

metal hose-clip Suitable for triaxial measurements
Light

No sharp edges

Mainly limited to measurement
power tool handles

on

Figure D.3 — Clamp connections
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D.2.4 Hand-held adaptors

Fixed mounting systems may not always be feasible, particularly where the operator grips a surface covered by a
resilient material. Hand-held mounting systems rely in the operator's grip force to hold the mounting system in
place; although, it often is advisable to lightly hold the adaptor in position on the vibrating surface using elastic
adhesive tape.

For difficult surfaces, individually moulded adaptors may be suitable. These use a modelling material to fabricate an
elliptical disc which is moulded to the work surface on its lower face, and to the palm of the hand on its upper face,
with a space left for the accelerometer. Once hardened, an accelerometer can be fitted into the adaptor, which then
fits comfortably between the work surface and the hand.

%
AN

a) Simple hand-held adaptor b) Moulded hand-held adaptor
Advantages Disadvantages
Simple Can be used in cases where a fixed|Only suitable for fixed hand position ard
hanp-held coupling is inapplicable, e.g. on soft|where the handle is always being held
adaptor or resilient materials

Frequency response depends of surfage
material

D

The presence of the adaptor may change th
operation of the power tool and the resulting
vibration magnitude

Additional fixing (e.g. adhesive) is required fo
transverse vibration measurements

=

Individually |Can be used in cases where a fixed |Preparation of the adaptor is a laborious, tine
moulded coupling 1S Inapplicable, €.g. on soit|consuming procedure
adaptor or resilient materials

Difficult to use for triaxial measurements
Little influence of the adaptor on the
operation of the power tool

Fair frequency response

Figure D.4 — Hand-held adaptors
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