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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.
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Introduction

ISO 8041-1 specifies instruments for measuring human exposure to vibration. These instruments are
used for temporary, short time measurements or controlled measurements.

This document specifies personal vibration exposure meters (abbreviated to PVEM) for measuring
human exposure to vibration over long time periods, e.g. a whole working shift.

It is not necessary for PVEM to fulfil all of the specifications given in ISO 8041-1. On the other hand, it
is necessary for them to fulfil other requirements which allow non-controlled measurements or stand-
alonp-measurements-everlonger-time periods—tn-combination-with-alarmfunetions; PVEM can make

it pdssible to alert the user before vibration exposure reaches certain values (action value; limit value).
For this reason, it is necessary to distinguish PVEM from the instrumentation specifiedhit IO 8041-1.

Whi|st some potential applications and artefacts are covered in the informative annexes, this standard
is arf instrument standard and does not cover all potential applications of the RVEM. The repder should
refey to measurement standards and guidance for further information.

Annex A describes the treatment of transient acceleration artefacts, Anniexes B and C descrfbe possible
extepsion features with additional information for the measurement precedure.
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Human response to vibration — Measuring
instrumentation —

Part 2:
Personal vibration exposure meters
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ISO
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ISO
Part

ISO
Part
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ISO

Scope
document specifies minimum requirements for personal vibration exposure meters (P

document is applicable to instruments designed for measurements of whole-body vibr
ext of industrial hygiene applications (according to ISO 2631-1, ISO 263132 and ISO 263
l-arm vibration (according to ISO 5349-1) together with the associated exposure times.

document provides specified design goals and permitted tolérances that define th

r vibration exposure.

document does not apply to instruments designed to-measure or log exposure times v
brming vibration measurement. Instrumentation of this type is described in ISO/TR 19

Normative references
titutes requirements of this document: For dated references, only the edition cited

P041, Mechanical vibration, shotk and condition monitoring — Vocabulary

631-1, Mechanical vibrgtion and shock — Evaluation of human exposure to whole-body
1: General requirements

L631-2, Mechanical Vibration and shock — Evaluation of human exposure to whole-body
2: Vibration inbUildings (1 Hz to 80 Hz)

P631-4, Mechanical vibration and shock — Evaluation of human exposure to whole-body
4: Guidelings for the evaluation of the effects of vibration and rotational motion on passeng
fort infixed-guideway transport systems

b347 (all parts), Methods for the calibration of vibration and shock pick-ups

VEM).

ation in the
1-4) and/or

E minimum

brmance capabilities and functional requirements of instrdments designed to measufre personal

vithout also
664.

following documents are referred to .imthe text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of'the referenced document (including any amendmerits) applies.

vibration —

vibration —

vibration —
er and crew

[SO 5349-1, Mechanical vibration — Measurement and evaluation of human exposure to hand-transmitted
vibration — Part 1: General requirements

[SO 5805, Mechanical vibration and shock — Human exposure — Vocabulary

[SO 8041-1:2017, Human response to vibration — Measuring instrumentation — Part 1: General purpose
vibration meters

ISO 10326-1, Mechanical vibration — Laboratory method for evaluating vehicle seat vibration — Part 1:
Basic requirements

ISO 15230-1, Mechanical vibration and shock — Coupling forces at the man-machine interface for hand-
transmitted vibration
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ISO 16063 (all parts), Methods for the calibration of vibration and shock transducers

ISO 16063-21, Methods for the calibration of vibration and shock transducers — Part 21: Vibration
calibration by comparison to a reference transducer

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measure

ent

techniques

IEC 61000-1
Immunity td

IEC 61000-
standard fo

CISPR 22:2

methods of neasurement

3 Terms

For the pur
ISO 5805, IS

ISO and IEC

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

IEC Ele

31
personal v
PVEM

— Radiated, radio-frequency, electromagnetic field immunity test

-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement techniq
conducted disturbances, induced by radio-frequency fields

h-2:2016, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immi
[ industrial environments

D08, Information technology equipment — Radio disturbance chafatteristics — Limits|

and definitions

boses of this document, the terms and definitions given in ISO 2041, ISO 2631-1, ISO 53
0 8041-1 and the following apply.

maintain terminological databases for use instandardization at the following address¢

Ctropedia: available at http://www.eleetropedia.org/

bration exposure meter

instrument
exposure a

Note 1 to en

|

designed to measure and log personal vibration exposures by detecting occurrenc
d measuring associdted human vibration together with the exposure time

y: The principal Cemponents of a personal vibration exposure meter are shown in Figure 1.

es —

inity

and

19-1,

PS:

bs of
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o 7 7
3 6
| |

-

1l 1
L 1o

0 —

| 5

L 5
Key
1 partA 6  display and control
2 partB 7  logging, signal processing
3 fransducer 8 fixed or temporaryswired or wireless inferface
4 roupling 9  operator detection system (ODS)
5  Vibrating surface

Figure 1 — Principal components of a PVEM

3.2

permanent measurement system
system which is permanently incorporated inte oy fitted onto a machine

Note|1 to entry: A permanent measurement system is not designed to be routinely transferred to other vibrating
machinery.

3.3
nonipermanent measurement system
system which is designed to be-tised on several machines or other vibrating objects

Note| 1 to entry: A non-permanent measurement system is capable of routinely being transferred from one
vibrgting object or machine\to another.

3.4
usel
perspn authorized to operate a PVEM (3.1)

3.5
operator

worker

person who performs a work task at a workplace

3.6
logging
storing measured acceleration values at regular time intervals

3.7
logging step
time interval between the start of two consecutive logging (3.6) periods

© IS0 2021 - All rights reserved 3
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3.8

measurement period

duration of
Note 1 to ent

39
transient a

all measurements, representing the worker's (3.5) exposure time

ry: The measurement period usually comprises many logging steps (3.7).

cceleration artefact

event or effect that can alter the computation of workers’ (3.5) daily exposure to vibration

Note 1 to entry: For a PVEM (3.1), it is essential to log sufficient information to identify transient acceleration

artefacts for

the purpose totreat theminrealtime orinthe pncf-prnr‘nccihg

4 Refery¢

Reference ¢
meter are tl

air tem

relativd

5 Perfos
5.1 Gene

5.1.1 Corn

A personal
requiremen
working da

bnce environmental conditions

nvironmental conditions for specifying the performance of a personal vibration expo
ne following:

perature: 23 °C;

humidity: 50 %.
'mance specifications

ral characteristics

nmon characteristics

yibration exposure meter (PVEM) is a vibration measurement system meeting the rele
ts of ISO 8041-1 with the additional capability to monitor personal exposures up to 2
.

Since perso

al vibration exposure meters are instruments capable of measuring and computing

sure

vant
full

Haily

vibration exposures they are simple to.use and implement (internal complexity hidden from the yser)

and automatic (i.e. they do not require manual post-processing or computations), while displa

accurate a
algorithms

Particularly
and that cd
rejection al
as compare

5.19 to 5.24

reliable results. Hence,-as compared to general-purpose vibration meters, PVEM shal
that replace as much'as possible any required manual signal post-processing.

, one design goalis to identify measurement events or periods that might need to be reje
uld be automatically discarded from the vibration exposure computation using art
borithms, These automatic artefacts rejection algorithms are an additional feature of P
d to general-purpose vibration meters. In operation PVEMs are typically left unattende

give additional recommendations and specifications for PVEM.

ying
run

cted
pfact
VEM
d.

The PVEM

Tiay CONSIST Of Separate parts (See parts A and B in Figure 1). Part B of the PVEM provides

the means to present the results of measurements. The presentation of results may be in any suitable
form, e.g. continuous “live” display or upload of measured values to a dedicated displaying unit or a
computer at the end of the measurement period. Part B is an inherent part of the PVEM and compulsory
for a pattern evaluation and periodic verification of the PVEM. However it needs not to be used with
part A for the period of exposure measurement.

In addition to the relevant requirements of ISO 8041-1, a PVEM shall

measure vibration in three directions (x, y, z) simultaneously,

© ISO 2021 - All rights res
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— provide capability for measurement over the period of a working day (at least 12 h) without

intervention by the user,

include a real-time clock,

— continuously log vibration data versus time over the full measurement period at suitable

The
inst

Whdre the PVEM provides alarms for exposure exceedances;.then the manufacturer s

info

The

Not

freqpiency weightings (see ISO/TR 18570) may<also be implemented. The manufacturer
whig¢h frequency weightings are implemented.

programmable intervals which are no greater than 1 s,

NOTE
can provide a choice of logging periods according to the measurement type.

Suitable logging steps can be as defined in ISO 2631-4 or selected by the user. The manufacturer

store logged vibration exposure data in a non-volatile memory, such that the data are not

rompromised if the power supply is interrupted (e.g. if the battery is low or being repla

putput information on logged vibration magnitudes, corresponding real time,yand o
vibration exposure and daily exposure time, and

provide information that will assist the user to exclude transient acceleration art
PXposure measurements (see Annex A).

facility for reading measurement data from the instrument may be a direct disj
Tument or a remote display, or both.

reference vibration signal values and reference frequencies are given in Table 1.

b1l of the frequency weightings given in Table\1 need to be implemented in a PVEM,

Table 1 — Reference vibration values and frequencies

red),

verall daily

pfacts from

blay on the

all provide

rmation on the conditions for the alarm trigger points and on any capability to adjust the exposure
trigger levels.

hnd further
shall state

Application Frequency Nominal Reference Weighting Weighted
weighting frequency factor at ag¢celeration
range reference atreference
RMS ) frequency frequency
Frequency acceleration and RMS
value ag¢celeration
value
Hz m/s? m/s?
- 500 rad/s
fand W, 8o 1000 / 10 0,202 0 2,020
transmitted (79,58 Hz)
Wy 0,8126 0,812 6
T~ 85145 0,514 5
w. 0,126 1 0,126 1
d 0,5 to 80 100 rad/s
Whole-body W, 15915 H 1 0,062 87 0,062 87
W, (15915 Hz) 1,019 1,019
Wy 0,7718 0,7718
W 1to 80 0,336 2 0,3362
. 2,5rad/s
Low-frequency w; 0,1t00,5 / 0,1 0,388 8 0,038 88
whole-body (0,397 9 Hz)
© IS0 2021 - All rights reserved 5
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5.1.2 Special characteristics for whole-body vibration measurement

For instruments designed for whole-body vibration, the PVEM shall

— measure vibration at the interface between the machine and the operator's body (in accordance
with ISO 2631-1),

— be capable of responding to vibration peak values up to 50 m/s?,

NOTE

The directigns of the three orthogonal axes shall be marked on the transducer.

5.1.3 Spe

For instrun

In special applications vibration peak values up to 200 m/s2 have been observed.

measure exposure characteristics based on A(8) exposures,

optiong
optiond
optiong

allow a
the ma

(for no

compotent of the instrument into a seat pad meeting the requiremeénts of ISO 10326-1, and

(for pet
the PV}
or com
health

measuy
with IS

define
the insf
acceler

NOTE
to 30 00

allow a
or the yj

lly, measure exposure characteristics based on vibration dose value (VDV),
lly, measure exposure characteristics based on maximum transient vibration value (MT
lly, measure exposure characteristics based on motion sickness dose value,(MSDV),

| part A components (see Figure 1) to be fitted unobtrusively to eitherthe machine se
hine operator,

l-permanent and optionally for permanent measurement systeis) incorporate the p4g

manent measurement systems not using a seat pad) incorporate the part A compone
M into a seat structure in a way that does not adversely impact the seat suspension sy
fort of the driver but provides measurements equivalent to that required by ISO 2631-
ffects.

cial characteristics for hand-arm vibration measurement
ents designed for hand-arm vibration, the PVEM shall

e vibration at the interface between the machine and the operator's hand (in accord
D 5349-1). The directionsf,the three orthogonal axes shall be marked on the transduc

he range of application of the PVEM based on the maximum peak vibration capabili
rument. In any case;ds a minimum, the transducer shall be capable of responding to
htions up to 2 000+4n/s2.

Higher peak-acceleration capability is needed for measurements on impactive machines (e
0 m/s2).

| partA'components (see Figure 1) to be fitted unobtrusively to either the machine opef
ibrating machine (see ISO 5349-2).

VV),

At or

rtA

nt of
ttem
1 for

ance
eI,

Ly of
beak

g- up

ator

The part A component of the instrument shall conform to the requirements of ISO 5349-1 and take
account of the guidance given in ISO 5349-2. The part A component of the instrument may be
incorporated into or fitted to a machine or power tool. If the part A component is incorporated into the
device an operator identification system can be necessary.

If the PVEM is designed to provide evaluation of coupling forces, it shall conform to the applicable
requirements of [ISO 15230-1.

5.2 Display

Displaying of the vibration magnitude and other results measured by the PVEM should be provided by
part B of the instrument at least for testing purpose (see Figure 1).

© ISO 2021 - All rights res
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For type approval and periodic verification, the instrument shall display the frequency-weighted
acceleration values.

The display device(s) specified in the instrument documentation shall permit displayed measurement
values with a resolution of not more than 1 % of the indicated value.

Within the prevailing environmental conditions, the time interval required for stabilizing and being
ready to use shall be documented.

For instruments that can display more than one measurement quantity, a means shall be provided to
ascertain clearly the measurement quantity that is being displayed, preferably indicated by standard

abbr

The
alon

Whs
desd
disp
hard

For instruments with digital display devices updated at periodic intervals, the indication at ¢

upd{
of inl
if so
docu
not ¢

5.3
No A

5.4

The
toc
conf]
atta

The
the
sped
reco
to a
coni

5.5

lottor oy

Aviation e A mhaolc
O VIULIUIIO Ul 'ICLLUT 0)’ ITITOUULIO .

quantities that can be displayed by the PVEM shall be described in the instrumentdec
b with a description of the corresponding indications on each display device.

n results of a measurement are provided at a digital output, the instrument’ documen
ribe the method for transferring or downloading the digital data to an“eXternal datg
ay device, e.g. a computer. The instrument documentation shall identifythe software a
ware for the interface. Internationally standardized interface bus eompatibility is reco

ite shall be the value of the user-selected quantity at the time of the display update. O
dication at the time of the display update may be identifiéd in the instrument docume
the operation of such modes shall be explained in the inStrument documentation. The
mentation shall state which modes conform to the¢specifications of this document af
onform.

Electrical output

C electrical output for PVEM is required:

Vibration sensitivity

instrument documentation shall specify at least one model of field vibration calibrator]
neck and maintain the mechanical sensitivity of the PVEM. The field vibration calil
prm to the specifications,given in ISO 8041-1:2017, Annex A. The manufacturer shall ¢
chments and jigs used with the vibration calibrator in the instruction manual.

instrument documentation for the vibration instrument shall describe the procedure fi

ified field vibration calibrator. The adjustment shall apply to the models of vibration
Immendedin the instrument documentation for use with the PVEM. The adjustment sha
1y cables; connectors and other accessories provided by the manufacturer of the ins
ecting a vibration transducer to the instrument.

imentation,

tation shall
storage or

t well as the

mmended.

bach display
ther modes
ntation and,
instrument
d which do

as a means
brator shall
lescribe the

br adjusting

indicated vibfation to conform to the specifications in this document by application of the

ransducers
[l also apply
'rument for

Accuracy of indication at reference frequency under reference conditions

The requirements for tolerance of the displayed results are given in Table 2. The tolerance of indication is
specified at the appropriate reference frequency and reference vibration value specified in Table 1 with
the instrument switched to the reference measurement range, with sinusoidal mechanical vibration
applied to the base of the vibration transducer or specified mounting device. The requirements apply
to all frequency weightings specified in this document and after applying adjustments described in 5.4
and after the specified stabilization time interval has elapsed.
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Table 2 — Tolerances of indication at reference frequency and reference vibration value

Parameter Tolerance
+4 %
for hand-transmitted
and whole-body vibra-
tion
5%

for low-frequency whole-
body vibration

Tolerance of indication at the reference frequency under reference environmental
conditions

The differerjce between the indicated value of any frequency-weighted
measuremeht quantity and the indicated value of the corresponding band-limiting
measuremept multiplied by the appropriate weighting factor (for a steady +3 %
sinusoidal ifput vibration signal at the reference frequency and reference

vibration vjiue) (See also Table 11)

5.6 Freqpency weightings and frequency responses

5.6.1 Parnameters

A PVEM shgll have one or more of the frequency weightings listed in Table 1, including the appropriate
band-limiting weightings. The frequency weightings are defined by Formulae (1) to (5) and the
parameters|given in Table 3.

Table 3 — Parameters and transfer functions(ef the frequency weightings

) Band-limiting a-v transition Upward step Gain
Woer g o | 2] 2 fi ol 5ol %o | Ik
Hz Hz Hz Hz Hz Hz
w, g4 1/\/5 100 1/\/5 16 16 0,55| 2,5 09 4 1095]|1/024
W, d4 [1/v2 | 100 [1/+2 8 8 063| o 1 | o | 1 1
w, d4 [1/v2 | 100 [1/+2 2 2 063| o 1 | o | 1 1
W, | 44 |1/v2| 100 | 1752 1 1 063 o | 1 | | 1 |1
W; 0,08 1/\/5 0,63 1/\/5 o 0,25 0,86 10,0625 0,80 | 0,10 | 0,80 1
W, [ 10p/10| 1/42 [103/0) 1742 | 100/(2m) 100/(2n) | 0,64 | o 1 | o | 1 1
W; 4.4 1/\/5 100 1/\/2 © © 1 3,75 | 091 |5,32 | 091 1
W, | 44 |42 | 100 | 1/42 12,5 12,5 0,63| 2,37 [ 091[335[091| |1
Wi | 100%51/¥2 | 100 | 1/¥2 | n');lz/x 2ol (@ mflz/x o | 05| @ 1] |1 1
NOTE 1 For weighting Wy, 1SO 2631-4:2001k, Table A1, ;our:ds the Valu; of parameter Q; to two decimal places. The
parameter specified here is the exact value.
NOTE 2 For weighting W}, ISO 5349-1:2001, Table A.1, rounds the values of parameters f;, f,, f3 and f, to five significant
figures and parameter Q, to two decimal places. The parameters specified here are the exact values.

The angular frequencies w1, ..., wg (given by w; = 21f; where f; are the frequencies f3, ..., fg in Table 3) and
the resonant quality factors Q4, Q,, @4, Q5 and Qg are parameters of the transfer functions in Formulae (1)
to (5) which determine the overall vibration acceleration frequency weightings. The overall frequency
weighting function is the product of band-limiting, a-v transition and upward-step filters.
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5.6.2 Band-limiting filter

The band-limiting element is a combination of high- and low-pass second-order Butterworth filter
characteristics. These components are defined as shown by Formulae (1) and (2):

a) High pass

H, (s)= (0

b) [owpass

el (s)= 2 (2)
N S

1+ + —

&0, La’z

The product Hy (s)-H,(s) represents the band-limiting transfer function.

5.6.3 a-vtransition filter

The Ja-v transition filter is proportional to acceleration at lowerdrequencies and to velocity at higher
freqpencies, as shown by Formula (3):

[1+i]1(
. (5)= =

s s

+ _

Qo | @y

NOTE H(s) = 1 when both f; and f; (@; and\w, ) equal infinity.

2 (3)

1+

5.6.4 Upward-step filter

The upward-step filter has a steepness of approximately 6 dB per octave and is proportional to jerk, as

shown by Formula (4):

N S f
“m*[@) o Y
H, (5)=—"2 (w—J 4)
S s 6
14 + —
Q605 | D5

NOTE Hy(s) = 1 when both f5 and f; (@5 and @) equal infinity.

5.6.5—Overattfrequency weigirting

The overall frequency weighting function for each weighting, W,, is the product of band-limiting, a-v
transition and upward-step filters, as shown by Formula (5):

H(s) =Hy (s)- H,(s)- H.(s)- H(s) (5)
The most common interpretation of these formulae is in the frequency domain, where they describe the

modulus (magnitude) and phase of the frequency weightings as functions of the imaginary angular
frequency s=j2mnf.

NOTE1 Sometimes the letter p is used instead of s.

NOTE 2  scan be interpreted as the variable of the Laplace transform.
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https://standardsiso.com/api/?name=b9eb2f801bbf381caca6e63e2e4cd087

ISO 8041-2:2021(E)

The tables and weighting curves given in ISO 8041-1:2017, Annex B, illustrate the magnitude and phase
of the frequency weightings defined by Formulae (1) to (5) and Table 3, as functions of frequency, f.

If a PVEM provides one or more optional frequency responses, the instrument documentation shall
state the design-goal frequency response and the tolerance limits that are maintained around the
design goal(s). If an optional frequency response is specified in an International Standard, the design-
goal frequency response shall be as specified in that International Standard.

The filters defined by Table 3 and Formulae (1) to (5) may be realized by combinations of simple
analogue filters. ISO 8041-1:2017, Annex C, provides an example of how the frequency weightings can
be realized digitally in the time and frequency domains.

5.6.6 Tolprances

The tolerances on the frequency weightings are given in Tables 4 and 5. The tolerance linits“in Table 5

apply to the weightings, including the corresponding band-limiting weightings, on all ‘measurement
ranges. Tolgrance limits include the applicable maximum expanded uncertainties of measurement.

The phase fesponse of vibration instrumentation is critical to measured paranieters not based on the
RMS average value, e.g. peak, MTVV and VDV. The phase response is given-by Formulae (1) to (5).
However, the errors in measurement due to errors in the phase response are dependent on the rafte of
change in phase error with frequency, rather than the absolute phase error itself. For this reason], the
phase respgnse is assessed using the characteristic phase deviation, 4@y, as defined by Formula (6):

an(pn+1 _fn+1A(pn |

Ay = (6)
fn +1 _fn ‘
where
fn i$ the centre frequency at one-third-octaye band number n;

—n

Ag, the phase error at frequency corresponding to one-third-octave band number n.

Table 4 — Transition frequencies for frequency weighting tolerances

Tolerance transition frequencies
Weighting Hz

ftl ftZ ft3 ft4
10-6/10 10-2/10 1018/10 1022/10
Wy 0,2512) | (0,631) (63,1) (158,5)
10-6/10 10-2/10 1018/10 1022/10
We 02512) | (0,631) (63,1) (158,5)
10-6/10 10-2/10 1018/10 1022/10
Wa 02512) | (0,631) (63,1) (158,5)
” TO~5710 TO-271% TO871® 022710
e 02512) | (0,631) (63,1) (158,5)
10-13/10 10-9/10 10-4/10 100/10

Wi (0,05012) | (0,1259) | (0,3981) (1)
106/10 1010/10 1029/10 1033/10
Wy (3,981) (10) (794,3) (1995)
10-6/10 10-2/10 1018/10 1022/10
W 0,2512) | (0,631) 63,1) (158,5)
10-6/10 10-2/10 1018/10 1022/10
Wi 0,2512) | (0,631) 63,1) (158,5)
10-3/10 101/10 1018/10 1022/10
Wi (0,5012) | (1,259 (63,1) (158,5)
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5.7

Ovel
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the frequency range of the instrument at any frequency weighting or frequency response pr
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vibr

Ovel
valu
shal

NOT
imp4

The
does
sign

For
that

5.8

For {
indi
is fit
shal
tran
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F M itude tol Characteristic phase
requency, f agnitude tolerance deviation? A,
f<fa +26 %, -100 % +00
fu<f<fo +26 %, -21 % +12°
fosf<fa +12 %, -11 % +6°
fia<f<fu +26 %, -21% *12°
fusf +26 %, -100 % +00
2 Characteristic-phase-deviation-tolerances-onl-apply-to-instraments-that provide-measuremant
parameters that are not based on RMS values.

Amplitude linearity

the entire measurement range, the indicated signal value shall be djlinear func
hanical vibration value at the vibration transducer. This design goal applies at any frequ

rity specifications apply to the whole instrument, including the fransducer, and to a
htion parameters.

the full extent of all the measurement ranges, the linearity~érror shall not exceed 6 %
e. On the reference measurement range and at the referénce frequency, the linear ope
be atleast 70 dB.

) For hand-arm vibration, a greater linearity range can be necessary for the measurem
ctive vibration signals.

nstrument documentation shall state the ratge of vibration values within which the lin
not exceed 6 % without indication of overload. This requirement applies for steady
hls at any frequency in the nominal fregirency range.

he measurement range, the instrument documentation shall state the range of vibrg
can be measured without overload, i.e. the upper boundary of the linear operating rang

Instrument noise

ime-averaged frequency-weighted vibration, the instrument documentation shall statg
ations that will bé.observed on the display device when the vibration transducer of the
ted to a non-yibrating object that does not add significantly to the indications. The

correspond/to the total inherent noise from the combination of the recommendg
sducer(s)-and the other components of the PVEM, at least for reference environmental ¢

Signal-burst response

tion of the
ency within
ovided. The
] measured

of the input
ating range

ent of highly

parity error
y sinusoidal

ition values
es.

the typical
instrument
indications
d vibration
onditions.

The

pecification of Tumman-vibration ISt UImeEnts for the TESPOISE 1o Signat bursts 15 give

the response to saw-tooth signals at the reference frequency.

in terms of

The saw-tooth test signal is illustrated in Figure 2. The tests are carried out using saw-tooth burst
with the characteristics given in Table 6. The responses given in Tables 7 to 9 are relative to a 1 m/s?
amplitude signal and shall be multiplied by the amplitude of the actual test signal.

NOTE1 The response to the saw-tooth signal burst is determined by digital simulation of the filter
characteristics.
NOTE 2  The saw-tooth wave shape has been chosen to ensure that the signal burst contains combinations of

frequencies with known phase relationships. The saw-tooth burst test therefore ensures that the relative phase
response of the frequency weighting at different frequencies is tested.
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14
2 3
! |
4
Key
1 amplitude
2 starttinfe
3  repeattime
4  duratior
Figure 2 — Theoretical saw-tooth burst test signal (2-cycle bursts illustrated)
Table 6 — Saw-tooth signal burst test signal characteristics
Start Repeat | Dura-
Applikation Weighting Angular fre- | times|‘Number of | time tidn
quency cycles
s s S
500 rad/s
Handl-arm Wy (79,58 Hz) 0,2 2 12
5 Wy, W, Wy, W, W, Wy, | 100 radys
Wholg-body W (15,915 H7) 1 1,2,4,8,16 10 6
Low-frequency whole- 2,5rad/s
bddy W, 63979 Hz) 40 400 | 24po
Tabjle 7 — Saw-tooth signal burst fesponse for hand-arm vibration measurements
Number of Tolerance
Weighting sawi{tooth cycles RMS value
per burst %
1 0,044 8 10
2 0,0633 10
o 4 0,089 5 10
Band limiting
8 0,127 10
16 0,179 10
Continuous 0,565 10
1 0,010 3 10
2 0,0133 10
4 0,016 8 10
Wy
8 0,022 4 10
16 0,030 9 10
Continuous 0,094 6 10
12 © IS0 2021 - All rights reserved
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Table 8 — Saw-tooth signal burst response for whole-body vibration measurements

. Number of Toler- Toler- Toler- MTVV
Weight- | saw-tooth | RMS ance VDV ance MTVV | ance exponen- Tolerance
ing cycles per | value linear - o
burst % % % tial ’
1 0,043 3 10 0,498 12 0,137 10 0,135 10
2 0,061 2 10 0,593 12 0,193 10 0,188 10
Band 4 0,086 5 10 0,705 12 0,274 10 0,258 10
limiting 8 0,122 10 0,838 12 0,387 10 0,344 10
16 0,173 10 0,996 12 0,547 10 0,437 10
Continuous | 0,546 10 1,77 12 0,547 10 0,549 10
1 0,031 4 10 0,342 12 0,099 1 10 0,096 8 10
2 0,043 5 10 0,403 12 0,137 10 0,132 10
4 0,061 4 10 0,482 12 0,194 10 0,182 10
Vo 8 0,086 7 10 0,575 12 0,274 10 0,243 10
16 0,123 10 0,685 12 0,387 10 0,309 10
Continuous | 0,387 10 1,22 12 0,388 10 0,388 10
1 0,022 2 10 0,244 12 0,670 3 10 0,068 4 10
2 0,029 2 10 0,275 12 0y092 3 10 0,088 5 10
" 4 0,039 7 10 0,318 12 0,126 10 0,117 10
¢ 8 0,055 10 0,374 12 0,174 10 0,153 10
16 0,077 10 0,445 12 0,243 10 0,192 10
Continuous | 0,24 10 0,788 12 0,243 10 0,242 10
1 0,006 69 10 0,0779 12 0,021 2 10 0,019 7 10
2 0,009 06 10 0,085 2 12 0,028 6 10 0,026 4 10
" 4 0,011 6 10 0,092 3 12 0,036 6 10 0,033 10
d 8 0,014 8 10 0,101 12 0,046 9 10 0,04 10
16 0,0197 10 0,115 12 0,0611 10 0,048 1 10
Continuous | 0,059 10 0,197 12 0,061 1 10 0,059 4 10
1 0,003-42 10 0,0409 12 0,0108 10 0,009 92 10
2 0,004 78 10 0,045 2 12 0,0151 10 0,0135 10
" 4 0,006 37 10 0,049 3 12 0,020 1 10 0,017 6 10
€ 8 0,008 16 10 0,0535 12 0,0255 10 0,021 4 10
16 0,010 2 10 0,059 2 12 0,0311 10 0,024 4 10
Continuous | 0,029 5 10 0,098 7 12 0,0311 10 0,0297 10
1 0,043 5 10 0,517 12 0,138 10 0,135 10
Z 0,0616 10 0,609 12 0,195 10 0,169 10
4 0,0874 10 0,723 12 0,277 10 0,261 10
W 8 0,124 10 0,859 12 0,392 10 0,349 10
16 0,175 10 1,02 12 0,554 10 0,443 10
Continuous | 0,554 10 1,81 12 0,555 10 0,557 10
1 0,0299 10 0,323 12 0,094 4 10 0,092 2 10
2 0,0411 10 0,38 12 0,13 10 0,125 10
w 4 0,0577 10 0,455 12 0,182 10 0,171 10
k 8 0,0814 10 0,543 12 0,257 10 0,228 10
16 0,115 10 0,648 12 0,363 10 0,289 10
Continuous | 0,362 10 1,15 12 0,364 10 0,363 10
© IS0 2021 - All rights reserved 13
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Table 8 (continued)
Number of Toler- Toler- Toler- MTVV 1
Weight- | saw-tooth | RMS ance ance MTVV ance Tolerance
- VDV . exponen-
ing cycles per | value linear ial %
burst % % % tia
1 0,0149 10 0,165 12 0,047 2 10 0,045 6 10
2 0,0197 10 0,185 12 0,062 3 10 0,059 4 10
W 4 0,0264 10 0,211 12 0,083 6 10 0,077 5 10
m 8 0,0363 10 0,247 12 0,115 10 0,101 10
16 0,0507 10 0,294 12 0,16 10 0,126 10
Continuous | 0,158 10 0,52 12 0,16 10 0,159 10
Tablle 9 — Saw-tooth signal burst response for low-frequency whole-body vibration
measurements
Number of Tol Tol
. olerance olerance
Weightihg saw-tooth RMS value MSDV,
cycles % %
per burst
1 0,034 1 10 1,671 10
2 0,048 7 10 2,386 10
| 4 0,069 10 3,38 10
Band limifing
8 0,098 2 10 4,811 10
16 0,139 10 6,81 10
Continuous 0,439 10 21,51 10
1 0,019 7 10 09651 10
2 0,023 6 10 1,156 10
w 4 0,030.4 10 1,489 10
f 8 0,0416 10 2,038 10
16 0,057 1 10 2,797 10
Continuous 0,176 10 8,622 10
5.10 Overjoad indication
The PVEM phall have amoverload indicator and shall be capable of detecting overloads at all critical
points in thie vibration;signal path. Overloading the transducer shall be avoided by appropriate means

(e.g. selection of shitable transducer for the intended measurement, electrical overload detgctor
incorporatgd inte.the transducer, use of mechanical filter).

Overload shalbh be indicated before the tolerance limits for linearity or the signal-burst resppnse
tolerances are exceeded for increasing signal values above the specified upper boundary. This
requirement applies for any frequency within the nominal frequency range.

The overload indicator shall latch on when an overload condition occurs. The latched condition shall
remain on until the measurement results are cleared on the instrument. This requirement also applies
to measurements of maximum vibration values, peak vibration values, or other quantities calculated
during, or displayed after, the measurement duration. The overload conditions shall be logged for each

logging step.

The instrument documentation shall describe the operation and interpretation of the overload
indication and the method for clearing a latched indication.

NOTE It is useful for the instrument to be capable of indicating how long (in relation to the measurement
duration) in each channel overload took place.
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5.11 Under-range indication

Not required for PVEM.

5.12 Time averaging

The instrument shall allow the measurement duration of the time-averaged weighted acceleration
value to be selected or controlled by the user. A PVEM shall provide at least 12 h of exposure value
calculation.

5.13 Running RMS-aceeleration

Not aipplicable for PVEM.

5.14 Clearance of data and instrument state (named reset)

For all frequency weightings provided, instruments intended for the measurement of tinje-averaged
humjan vibration, maximum transient vibration value or vibration dose value shall contain|a facility to
stop[the measurement, clear the data storage as required and reinstatelameasurement. The|instrument
docymentation shall state whether the reset facility clears the overload indication. The |[instrument

docu
bety
rese

5.11

If ar
follo|

mentation also shall describe the operation of the reset facility and state the nomina
feen the operation of a manual or remote reset facility anddthe initiation of a measurem
F facility shall not give rise to random indications on the‘display device(s).

b Timing facilities

instrument displays the duration of the tithe elapsed since the start of integrati
wing requirements apply.

delay time
ent. Use of a

n then the

The folerance limit for the indicated elapsed-time is 0,1 %. The resolution of the display of elapsed time
shal] not be coarser than 1 s.

The [instrument documentation shall-state the minimum and the maximum integration times for the
meapurement of time-averaged Wvibration values for any signal value within the range ¢f a display
devige.

5.16 Electrical cross-talk

Elec
char

This
tran
tran|

frical cross-talk is the response on any one channel (axis) to a signal on any of the
nels. It shalkbeess than 0,5 % of the input signal magnitude.

electrical)cross-talk between measurement channels should be distinguished from
sverse sensitivity which typically is greater than 0,5 %, see ISO 8041-1:2017, Tal
svetse sensitivity can become relevant especially with multi-axial transducers.

other input

transducer
le E.1. The

5.17 Vibration transducer characteristics

Vibration transducer characteristics shall be selected according to the measurement application, see
ISO 8041-1:2017, Annex E, for additional guidance.

5.18 Power supply

For battery-powered instruments, an indication shall be provided to confirm that the power supply is
sufficient to operate the instrument within the specifications of this document. A check of the power
supply condition shall not disturb any measurements that are underway.

© IS0 2021 - All rights reserved
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When a vibration calibration signal is applied to the vibration transducer, the change in the indicated
signal value shall not exceed 3 % when the supply voltage to operate the vibration instrument is
reduced from the nominal value to the minimum voltage specified in the instrument documentation.

If internal batteries power the PVEM, the instrument documentation shall recommend acceptable
battery types and state the corresponding continuous instrument operating time, under reference
environmental conditions, to be expected when full-capacity batteries are installed.

For battery-powered instruments designed to be able to measure vibration values over durations
that exceed the nominal battery life, the instrument documentation shall describe suitable means for
operating the instrument from an external power supply, including specifications for the acceptable
voltage rangeand rippte content {Inciuding high-frequency spikes)of the suppiy:

The PVEM internal battery shall warrant at least 12 h continuous operation time.

NOTE Ap indication whether a minimum of 90 % of battery capacity is available is helpful for the user.

5.19 Operfator detection system

PVEM may provide an operator detection system (ODS) which recognizes the&presence of an opegator
exposed to yibration.

The goal of|using ODS is to avoid errors of the vibration exposure assessment by elimination of tjmes
with no vibration exposure.

Different operator detection systems are possible which might.be ‘based on various methods (comtact
force, optic4l, radio signal, etc.).

Information available from ODS shall be logged within ong logging step and should be logged toggther
with the mgasurement results.

Automatic ¢perator identification is an optional feature of a PVEM, i.e. recognition which operatpr is
using the mjachine.

The operation of the ODS should be described/in the documentation.

5.20 Deteftion of transient acceleration artefacts

A PVEM shpuld be able to detect)transient acceleration artefacts and mark the measurement signal
accordinglyl] The PVEM should"be capable to calculate the time percentage of artefact occurrences
during the fneasurement duration.

EXAMPLE Transientsacceleration artefacts manifest themselves e.g. by a zero or faulty signal (Joose
transducer thountingg broken cable) or by peaks in the measurement signal (unoccupied seat hitting thg end
stop). Howeyer, since-VDV emphasizes shocks, not all peaks are manifestations of transient acceleration art¢fact.

If an autonjatic algorithm for dealing with artefacts is provided, it is necessary to describe inf the
instrumentdocumentationrrow—transtent-acceteratiomrartefacts—are haud}cd, as—wettasthe way how
periods with artefacts can be managed during post-processing. For optional testing purposes, the
manufacturer shall state how artefact treatment takes place.

For examples of artefact identification, see Annex A.

5.21 Logging capabilities

Instruments meeting the requirements of this document are required to have logging capabilities.
Additional information is provided on how instruments can use the logged data for post-processing,
e.g. to identify transient acceleration artefacts in the measurement so that they can be excluded from
vibration exposure values and the evaluation of accurate vibration exposure times.
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A PVEM shall have a non-volatile memory capable of logging all measured data over at least 12 h with
logging steps not longer than 1 s. Logged data shall also contain real-time data stamps.

The content of the logged file shall be available for inspection and post-processing (e.g. artefact
handling). The way of access to the logged data shall be described in the instrument documentation.

5.22 Contact force measurement

Coupling forces between the hand-arm system and hand-held or hand-guided machines are very
important factors for the hand-transmitted vibration assessment. ISO 5349-1 notes that the coupling of
the hand to the vibrating surface can affect considerably the vibration magnitudes measured.

NOT

B See ISO 5349-1:2001, 4.3 and Introduction of ISO 5349-2:2001.

For more information on hand contact force measurement, see Annex B.

Whe
vibr

htion measurements.

5.23 Warning indication

5.23.1 General

PVE

M shall include the facility to automatically signal warhings in order to give the ug

n measurement of the contact force is provided by the PVEM it should be logged together with the

er the best

support during the measurement. To help the user to be-aware of the existing vibration sifuation and

tog
(see

ve information on the status of the PVEM devicey PVEM shall have certain warning
5.23.2) and can have additional warning indications (see 5.23.3). The warning threshd

programmable. Warning indications may be switched off.

5.23.2 Mandatory warning indications

Cert]

pin system warnings are required:toavoid wrong measurements. It is necessary to hav

whigh indicate that the PVEM is not able or will soon not be able to fulfil the task.

Therefore, the following indicatens shall be implemented:

a)
b)
A
d)
The

nformation whether the PVEM is ready for use;
battery indicator;

pverload indicator;

fransducer, communication failure.

way, to-inform the user can be different. E.g. the following forms of alarm are possible:

indications
Ids shall be

e indicators

yisval using e.g. LEDs:

acoustical;

with vibration.

5.23.3 Optional warning indications

Additional warning indications may be provided such as

temperature range indicator,

— indicator if the system is not correctly oriented in the coordinate system, especially for whole-body

measurements,
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— for PVEM with the capability to identify the assigned operator, a warning if not the right operator is
using the machine, and

— warning if the action value could be reached.

A PVEM can be capable to give warnings if the relevant action value could be reached during or at the
end of the working shift. It is the responsibility of the manufacturer to provide suitable algorithms that
cover this requirement. For A(8) evaluation, Figure 3 shows the principle of detection for whole-body

vibration whereas Figure 4 is applicable to hand-arm vibration.

o

o

Measured Frequency- Vibration total value Forecast for Comparison
acceleration weighted A(8) expected A(8) between
time history time history action value

and forecast
a, (t) a,, () max{1,4a,,,14 e a,,} B
/\/:/
ay (£) Qyy (1)
a,(t) Ay, (8) Warning!
Key

a, acceleraftion in x direction a,,, frequency weighted acceleration in x direction

X

a, accelerafion iny direction a,,, frequency weighted acceleration iny direction

y

a, acceleration in z direction

. a,,, frequency weighted acceleration in z direction

Figure 3|— Example of warning for whole-body vibration if the action value will be reached

time history

time history

Measured Frequency- Vibration total value Forecast for Comparison
acceleration weighted A(8) expected A(8) between

action value

and forecast

ay (t) hvix (t)
Vai,, +a% +a?
hwx hwy hwz
a, () ap (0)
a, (t) a,(8) Warning!

Key

a, acceleration in x direction apwx frequency weighted acceleration in x direction

X

a, acceleration iny direction apyy frequency weighted acceleration in y direction

y

a, acceleration in z direction apw, frequency weighted acceleration in z direction

Z

Figure 4 — Example of warning for hand-arm vibration if the action value will be reached

5.24 Human interface and ergonomic aspects

Compared to noise measurement at the workplace using a personal sound exposure meter, vibration
measurement tends to interfere with the work task execution. Especially with hand-arm vibration,
the vibration transducer mounted on a machine or used with gloves can disturb the operator while
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performing his work task (see ISO 5349-2:2001, 6.1.4.1). The PVEM manufacturer, thus needs to
carefully consider the ergonomic aspects of their design that would hinder the user in their task.

NOTE

For information on mounting systems, see ISO 8041-1:2017, Annex F.

6 Mounting

The instrument documentation shall state the range of applications for which any supplied mounting
system is suitable and shall specify any circumstances in which the use of the mounting system is likely
to result in greater uncertainty of measurement.

7

7.1
All S

the mechanical sensitivity under the reference environmental conditionsyand at the caliby
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PVE
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5°C

Ovel
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Environmental and electromagnetic criteria

General

pecifications for the sensitivity to various operating environments apply to, and are

iency. The instrument documentation shall state the typical timelnterval that is requ
M to stabilize after changes in environmental conditions.

Air temperature

influence of variations in air temperature on the mechahical sensitivity is specified ov¢
 temperatures from —10 °C to 50 °C. The influence of variations in air temperature on t}
itivity shall be no more than +5 % over the specified temperature ranges.

specification for the influence of variations;in air temperature applies to a complete
e components of a PVEM that may be exposed routinely to large variations in air tempe

hose components of a PVEM designated in the instrument documentation as intended t

to 30 °C. The restricted range of‘témperature does not apply to a complete PVEM.

the ranges of air temperature specified, the linearity error at the reference frequel
ht of the linear operating-range on the reference measurement range shall remain

relative to,
ation check
ired for the

b1 the range
he vibration

PVEM or to
rature.

b be located
estricted to

hcy and the
within the

toleffance limits given in 5%

7.3 | Surface tempe€rature

The |nfluence ofwariations in measurement surface temperature on the vibration sensitivity|is specified
over| the range) of surface temperatures from -10 °C to 50 °C. The influence of variation$ in surface
tempperature on the vibration sensitivity shall be no more than +4 % over the specified tpmperature
range.

The specification for the Influence of variations In suriace temperature applies to the accelerometer,
cables and mounting systems that can come into direct contact with vibrating surfaces.

Over the range of surface temperature given in this subclause, the linearity error at the reference
frequency and the extent of the linear operating range on the reference measurement range shall
remain within the tolerance limits given in 5.7.

7.4 Electrostatic discharge

The influence of electrostatic discharges on the operation of a PVEM, or applicable components of a
PVEM, shall be reduced as far as is practicable.
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A PVEM shall continue to operate as intended after exposure to a contact discharge of electrostatic
voltage of up to +4 kV or to an air discharge of electrostatic voltage of up to +8 kV. The polarity of the
electrostatic voltage is relative to earth ground.

Exposure to the electrostatic discharges specified in this subclause shall cause no degradation
of performance or loss of function in the PVEM, except as may be specified in the instrument
documentation. The instrument documentation may specify that the performance or function of a
PVEM can be degraded or lost because of electrostatic discharges. The specified degradation or loss of
function shall not include any change of operating state, change of configuration, corruption or loss of
any stored data, or permanently reduced operation.

7.5 Radip-frequency emissions and public-power-supply disturbances
The radio-frequency emissions from a PVEM shall be reduced as far as is practicable.

If the PVEM|allows the connection of interface or interconnection cables, the instrumentdocumentgtion
shall recommend typical cable lengths and shall describe the nature of all devices teWwhich the cgbles
may be attached.

The level of the radio-frequency electric field strength emitted by the instrment’s enclosure gorts
shall not ejceed 30 dB (relative to 1 uV/m) for frequencies from 30 MHzto 230 MHz, and shal| not
exceed 37 @B for frequencies above 230 MHz and up to 2 GHz. The instrument documentation $hall
state the ogerating mode(s) of the instrument, and any connecting detices, which produce the greatest
emission of|radio-frequency fields.

The maximpm disturbance conducted to the public supply of electric power shall be within the qpasi-
peak and ayerage voltage limits given in Table 10 at an AC pewér port. If the PVEM conforms to the |imit
on the avergge voltage of conducted disturbance when using’a quasi-peak measuring device, the PVEM
shall be degmed to conform to both the quasi-peak and ayerage voltage limits.

Table 10 4 Limits for conducted disturbance tothe voltage of a public supply of electric power

Frequency range Limits on voltage level of disturbance
MHz dB (re 1 puv)
Quasi-peak Average
0,15 to0 0,50 66 to 56 56 to 46
0,50to 5 56 46
5to30 60 50

NOTE 1 SeeCISPR 16-1-1 for characteristics of quasi-peak measuring receivers.
NOTE 2 \The lower limits of voltage level apply at the transition frequencies.

NOTE3" The voltage level limits decrease linearly with the logarithm of the
frequency in the range from 0,15 MHz to 0,50 MHz.

7.6 Immurity toACpower-frequency fieldsanmd Tadio-frequency fields

Exposure of the complete PVEM (or applicable components designated in the instrument documentation)
to specified AC power-frequency and radio-frequency fields shall not cause any change in the operating
state, or change of configuration, or corruption or loss of any stored data. This requirement applies for
any operating mode consistent with normal operation. The instrument documentation shall state the
operating mode(s) of the instrument, and any connecting devices, that have the minimum immunity
(are most sensitive) to AC power-frequency and radio-frequency fields.

Immunity to AC power-frequency fields applies to exposure to a uniform RMS magnetic field strength of
80 A/m at frequencies of 50 Hz and 60 Hz. The uniformity of the magnetic field strength is established
before immersion of the PVEM. The orientation of the instrument in the field shall be that specified in
the instrument documentation for maximum sensitivity to AC power-frequency fields.
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Immunity to radio-frequency fields applies over the carrier frequencies range from 26 MHz to 2 GHz,
with the signal at the carrier frequency of the radio-frequency field amplitude modulated by a sinusoidal
signal at the reference frequency (or frequencies) appropriate to the application of the instrument to a
depth of 80 %. When unmodulated and in the absence of the PVEM, the radio-frequency field shall have
a uniform RMS electric field strength of 10 V/m.

Note that the instrument documentation may state that the PVEM conforms to the specifications of this
document at an unmodulated RMS electric field strength greater than 10 V/m.

When an AC power-frequency or radio-frequency field is applied, the change in the indicated vibration
value shall not exceed +10 %.

For ilnstruments with an AC input power port or an AC output power port, immunity to radip-frequency
common-mode interference applies over the frequency range from 0,15 MHz to 80 MHZ:

For instruments with signal or control ports, where any interconnecting cable between any part of the
PVEM exceeds a length of 3 m, immunity to radio-frequency common-mode interference gpplies over
the firequency range from 0,15 MHz to 80 MHz.

NOTE Country-specific regulations can apply (e.g. Directive 2014/53/EU)-

7.7 | Ingress of water and dust

The [PVEM shall be capable of resisting ingress of water and dwst. The manufacturer shall[specify the
[P rqting of the instrument. The instrument’s IP rating shall be suited to the planned application (e.g.
humfan-vibration exposure assessments in factories mightrequire a rating of [P 65).

T

NOTE [P ratings for instrument enclosures are specified in IEC 60529.

8 Provision for use with auxiliary devices

If an| optional extension cable provided by the manufacturer of the PVEM can be placed Hetween the
accelerometer and the other components of the PVEM, the instrument documentation shall provide
detajils of any corrections to be applied to the results of measurements made in this manner.

The jnstrument documentatiof'shall provide data on the nominal effect of optional accessorjes supplied
by tlhe manufacturer of the PVEM. The data shall apply to all relevant characteristics of the|instrument
resullting from installation of the accessories. Optional accessories include accelerometdr mounting
deviges and mechanicalfilters. The instrument documentation shall provide data on the typical effect
on sensitivity and frequency responses.

The [instrument-documentation shall state whether the PVEM conforms to the specifications required
by this docurmeént when the optional accessory is installed.

The [instrutent documentation shall provide details regarding the connection of auxiliary devices to
the PVEM and the effects, if any, of such devices on the electrical characteristics of the jnstrument.
Auxiliary devices Inciude Tecorders, printers, COMpUTers and dispiay devices (SEe also 5.2

9 Instrument marking

An instrument that conforms to all applicable specifications of this document shall be marked or shall
display a reference to this document by number and publication date. The marking shall indicate the
name or trademark of the supplier responsible for the technical specifications applicable to the complete
instrument. In addition, the marking shall include the model designation and the serial numbers.

If the instrument consists of several separate units (see Figure 1), each principal unit or component
shall be marked as described in this clause, as practicable. All principal units comprising a complete
instrument shall be identified.
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10 Instrument documentation

Instrument documentation shall be supplied with each personal vibration exposure meter that
conforms to the specifications of this document.

If the instrument consists of several separate components (see Figure 1), an instrument documentation
shall be available for the combination that forms the complete PVEM. The instrument documentation
shall describe all necessary components as well as their mutual influence.

All instrument specifications shall be given in SI units.

The instrument documaentation-shall cantain tha infarmaation
IreRt—aocd et doR—ShiaH—coRaiii—+the o3y oe
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e specifications defined in this document.
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Table 11 — Summary of features of a PVEM and testing requirements

Relevant features Testing requirements
Subclause Characteristic Patter_n Pe“.()le VeI | In-situ check
evaluation fication
5.1 General characteristics X X X
5.2 Display of signal magnitude X
5.4 Vibration sensitivity X X X
Accuracy of indication at reference frequency
5.5 o X
under reference conditions
5.6 Frequency weightings and frequency responses X X
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Table 11 (continued)
Relevant features Testing requirements
Subclause Characteristic e\f:fl;t::ir(l)n Perfii(;g:ico\;::ri- In-situ check
5.7 Amplitude linearity X X
5.8 Instrument noise X
5.9 Signal-burst response X
5.10 Overload indication X
512 Time averaging X
5.14 Reset X
5.15 Timing facilities X
5.16 Electrical cross-talk X
5.2 Combined axis outputs X
5.17 Vibration transducer characteristics X
5.18 Power supply X
5.19 Operator detection system X
21 Logging capabilities X
9.23.2 Warning indication (mandatory warnings) X
Clause 6 |Mounting X
Clause 7 |Environmental and electromagnetic criteria X
Clause 8 |Provision for use with auxiliary devices X
lause 9  |Instrument marking X X
Clquse 10 |Instrument documentation X X
Optjonal features
5.19 Operator identification
A‘Sﬁze?(’A Detection of transient acceleration artefacts
A.?ﬁzezx' B Contact force measurement No tests specified
9.23.3 Warning indication (optional warnings)
A;:}(_C Human interface and ergonomic aspects
12 Pattern evaluation
12.1 General

This clause provides details of the tests necessary to demonstrate conformance of a PVEM to all
mandatory specifications of this document, along with the test methods to be used.

Conformance to a specification of this document is demonstrated when the result of a measurement
of a deviation from a design goal, extended by the actual expanded uncertainty of measurement of the
testing laboratory, does not exceed the specified tolerance limits.

Uncertainties of measurement shall be determined in accordance with ISO/IEC Guide 98-3. The actual
expanded uncertainties shall be calculated by the testing laboratory, with a coverage factor of no less
than 2.

The expanded uncertainties of measurement given in this clause are the maximum permitted for
demonstration of conformance, under this clause, to the specifications of this document. Testing
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laboratories shall not perform tests to demonstrate conformance to the specifications of this document
if their actual expanded uncertainties of measurement exceed the maximum permitted values.

No test specified in this clause shall be omitted unless the instrument does not possess the facility to be
tested.

Unless otherwise specified, all tests described in this clause apply to each channel of a multi-channel
instrument.

12.2 Testing requirements

Those instjuments used for pattern evaluation that affect the uncertainty of test outputs shall]hold
valid calibrations, traceable to national or internationally recognized standards.

The frequency of the input signals shall be within *0,2 % of the required value.

The value of mechanical input signals shall be within +2 % of the required value.

NOTE1 Chrrently, the published parts of ISO 16063 do not provide for calibration below-0,4 Hz.

The environmental conditions prevailing at the time of a test shall be within the'following ranges:
— air temperature: 20 °C to 26 °C;

— relativg humidity: 10 % to 75 % (non-condensing).

The total distortion, d, for sinusoidal mechanical vibration test tiputs shall be no greater than 5 %
The total distortion, d, for sinusoidal electrical test inputs shall be no greater than 0,1 %.

Total distorftion, d, expressed as a percentage, is defineddas shown by Formula (7):

2| _q2
d=1 1 %100 (7)

a, i$ the RMS acceleration dt the driving frequency;

aioc 1% the total band-linfited RMS acceleration (including a,).

12.3 Submission for{esting

The PVEM ghall be-submitted for testing together with its documentation and all items or accessories
that are identified,in the instrument documentation as integral components of the complete instrument
in its configurdtion for normal use. Examples of additional items or accessories include an accelerOn:Fter,
mounting device and cable.

The instrument shall be submitted for testing with equipment (e.g. adaptors) suitable for enabling the
input and output of electrical signals.

A field vibration calibrator should be supplied with the PVEM.

12.4 Marking of the instrument and information in the instrument documentation
It shall be confirmed that the instrument is marked according to the specifications of Clause 9.

Before conducting any tests, it shall be confirmed that the instrument documentation contains all the
information required by Clause 10, appropriate to the facilities provided by the PVEM.
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After completion of all tests, the information shall be reviewed to ensure that it is correct and within
the appropriate tolerance limits.

12.5 Mandatory facilities and general requirements
A PVEM shall be confirmed to conform to the requirements of 5.1.

For instruments with multiple measurement ranges, it shall be confirmed that the measurement range
overlap conforms to the specifications of 5.7.

The display shall be confirmed to conform to the specifications of 5.2.

Whdre the instrument documentation specifies batteries of a particular model and type;sufh batteries
shal| be installed.

If the instrument does not satisfy the requirements listed in this clause, tests shall not be performed to
dempnstrate conformance to the performance specifications of this document!

12.6 Initial instrument preparation

Befogre conducting any tests, the instrument shall be given a power supply within the operating
limits specified by the manufacturer. The instrument, transducer and the field vibration cplibrator (if
supplied) shall be visually inspected and all controls operated€o)ensure they are in working order.

The procedure given in the instrument documentation shall\be followed to set the vibration sensitivity
of the instrument at the calibration check frequency. Any.adjustments required by 5.4 and given in the
instfument documentation shall be applied to adjust.the sensitivity of the instrument to|display the
correct vibration value under reference environmental conditions.

12.7 Indication at the reference frequency under reference conditions

The ferror in the indication of the reference acceleration value at the reference frequency (see Table 1)
shal] be determined from the difference between the vibration value displayed by the |instrument
and [the corresponding vibration value measured by an appropriately calibrated referenge vibration
trangducer at the same measurement point.

The [error, &, of the test méasurement, a,., is expressed as a percentage of the referenge vibration
tranpducer measurement; 4., as shown by Formula (8):

a —a
p—_test ref 190 (8)

Aref

NOTE Theerror, ¢, is a relative measure, i.e. a relative error expressed as percentage.

The reférence vibration transducer shall be used to measure the value of the mechanical vibfation input
gendrated at the reference vibration value and reference frequency, before measuring the vibration
magnitude with the PVEM. For these measurements, the PVEM shall be set to the reference measurement
range, band-limiting frequency weighting and linear time averaging and with a measurement duration
sufficient for the indicated values to stabilize (for low-frequency testing, this duration can be as
much as 30 s for hand-arm vibration, 1 min for whole-body, and 5 min for low-frequency whole-body
applications). The value of the input signal plus background noise shall be at least ten times the value of
the background noise as measured by the PVEM.

A minimum of three measurements of error of indication shall be obtained. For each measurement, a
time interval not less than that stated in the instrument documentation for the instrument’s settling
time shall be allowed for the instrument to reach equilibrium with the prevailing environmental
conditions before any indication is recorded. The difference between the greatest and the smallest of
the three measurements shall not exceed 3 %.
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The arithmetic average of the error of indication measurements shall be within the applicable tolerance
limits of Table 2. The maximum expanded uncertainties of measurement are 2 %.

For each frequency weighting provided, a steady sinusoidal electrical signal shall be applied to the
electrical input facility at the appropriate reference frequency. With an input signal adjusted to indicate
the reference vibration value on the reference measurement range with band-limiting frequency
weighting, the indicated frequency-weighted vibration values shall equal the indicated band-limited
weighted vibration value multiplied by the appropriate weighting factor (see Table 1) within the
tolerance limits of Table 2. The maximum expanded uncertainties of measurement are 2 %.

For an instrument where time welghtmgs are prov1ded a steady smusmdal electrlcal 51gnal shall be
applled to theetectr i

12.8 Electrical cross-talk

For instrunpents with more than one measurement channel (e.g. triaxial measurement instruments),
tests shall He carried out of the electrical interference between the channels:

All channels shall be set to the reference measurement range. An electfical input shall be applied to pach
channel in furn at the reference frequency; the inputs to all remainig channels shall be terminatgd by
substitute impedances. The amplitude of the test signal shall be within the upper 5 dB of the reference
measurement range. The output of all channels shall be monitered during the tests.

The output from all channels shall not exceed the requirements of 5.16.

12.9 Vibration transducer

The vibratipn transducer characteristics (see [SO-8041-1:2017, Annex E) of the accelerometer shalll be
tested according to the relevant parts of ISQ-5347 and ISO 16063.

12.10 Amplitude linearity

12.10.1Eleftrical tests of amplitude linearity

The electrifal tests of amplitude linearity of a PVEM shall be carried out with steady sinusgidal
electrical signals at the frequencies indicated in Table 12. Amplitude linearity shall be tested with the
instrument|set to time-averaged measurement with a band-limiting frequency weighting.

Table 12 ——Amplitude linearity test frequencies and acceleration value increments

) i . Acceleration increment
Apptication Testfrequencies
dB
Within 5 dB of overload and At all other
Hz lower boundary of measure-
values
ment range
Hand-arm 8; 80; 800 1 5
Whole-body 1; 4; 16; 63 1
Low-frequency )

whole-body 0,2;0.4 1 5
a2 Nominal centre frequencies are shown. The exact one-third-octave band centre frequencies shall be
used, e.g. “8 Hz” represents the band centred on 109/10 Hz ~ 7,943 Hz.
For some frequencies, the amplitude may be reduced if necessary.
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Tests of amplitude linearity shall begin with signals at the reference frequency applied to the specified
electrical input facility. The input signal shall be adjusted to display the reference vibration value on the
reference measurement range.

At any of the frequencies, the starting point for amplitude linearity tests on any measurement range
shall be the reference vibration value multiplied by the nominal attenuation factor introduced by the
measurement range control relative to the setting on the reference measurement range.

On the reference measurement range, the value of the test frequency input signal shall be increased in
the increments specified in Table 12 from the specified lower boundary [see ISO 8041-1:2017, G.2 j)] of
this measurement range up to the 1nput 51gnal value that causes the f1rst 1nd1cat10n of overload. The

g [ ' that caused
11 value, the

e reference
1 be within
ating range
irements of

mea
the

urement range until the first indication of overload, amplitude linearitj«errors sha
hpplicable tolerance limits of 5.7. The extent of the reference frequency linear oper
on the reference measurement range shall comply with the linear operating range requ
5.7 between the nominal vibration magnitudes specified for the upper and lower bounldaries. The
maxjmum expanded uncertainties of measurement are 2 %.

Follgwing tests on the reference measurement range, the amplitude linearity shall be tefted on any
addifional measurement ranges. Tests shall be carried out at’thé frequencies and increments specified
in Tdble 12 from the starting point down to the lower boundary and up to the upper boundary specified
for gach measurement range.

On ¢
the

insti
uncq

ach additional measurement range of the PVEM, the amplitude linearity errors shall be within
hpplicable tolerance limits of 5.7 over the extent of the linear operating ranges spedified in the
ument documentation and until the first”indications of overload. The maximum expanded
rtainties of measurement are 2 %.

For i
indi
tone
than
freq

nstruments with time-averaging facilities for which the linear operating range is grea
ator display range, linearity errors above the top of the display range may be measur

fer than the
ed by using

bursts extracted from the stéady input signals. The duration of the tone bursts sha
30 s for hand-arm vibration, 5 min for whole-body vibration (this test is not practi
iency whole-body vibration). Integration times shall be greater than the duration of thg

12.1/0.2Mechanical tests of amplitude linearity

The
mec
insti
lined
ana
in ag

mechanical tests of amplitude linearity of an instrument shall be carried out with stead
hanical signals-at the frequencies indicated in Table 12. Amplitude linearity shall be test
ument s€tyto time-averaged measurement with a band-limiting frequency weighting
rity shall be determined as the indication on the display device minus the vibration nf
bprapriately calibrated reference vibration transducer. The vibration transducers shall
cordance with the calibration procedure specified in ISO 16063-21.

| be no less
al for low-
tone burst.

y sinusoidal
ed with the
Amplitude
leasured by
be mounted

At any frequency, the starting point for amplitude linearity tests on any measurement range shall be the
reference vibration value multiplied by the nominal attenuation factor introduced by the measurement
range control relative to the reference measurement range.

Tests of amplitude linearity shall begin with signals at the reference frequency applied to the base of
the vibration transducer. The input signal shall be adjusted to display the reference vibration value on
the reference measurement range.

The mechanical amplitude linearity shall be tested over a range of no less than 40 dB.
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On the reference measurement range, the value of the test frequency input signal shall be increased in
the increments specified in Table 12 from the specified lower boundary of this measurement range up
to the input signal value that is the lowest of

a) the firstindication of overload on the PVEM,
b) the maximum vibration capability of the input device, or
c) the maximum of the linear vibration amplitude range of the reference transducer.

The signal shall then be decreased in increments specified in Table 12 from that maximum signal value
down to the input signal that is the greatest of

— the sperified lower boundary of the PVEM,

the min

imum vibration amplitude capability of the input device, or

the mirfimum of the linear vibration amplitude range of the reference transducer.

For each in hred

by the refer]

but signal value, the indication on the instrument’s display device and the value meas
ence transducer shall be recorded.

The amplityide linearity of the laboratory reference vibration transducen(shall be taken into accpunt

when establishing the constant vibration value at different vibration amyplitudes.

For each t
measureme

st frequency input signal value, from the specified lower boundary of the refer
nt range until the maximum signal value specified @bove, amplitude linearity errors

ence
shall

be within t
range on th
of 5.7 betw|
maximum ¢

Following t
additional 1
in Table 12

for each me

On each ad

e applicable tolerance limits of 5.7. The extent of the reference frequency linear oper4g
e reference measurement range shall comply with'the linear operating range requirem
een the nominal vibration magnitudes specified for the upper and lower boundaries.
xpanded uncertainties of measurement are.3'%.

ests on the reference measurement range, the amplitude linearity shall be tested on|
neasurement ranges. Tests shall be carried out at the frequencies and increments spec
'rom the starting point down to thelower boundary and up to the upper boundary spec
pasurement range.

ditional measurement range, amplitude linearity errors shall be within the applic

iting
ents
The

any
ified
ified

able

tolerance limits of 5.7 over the extent of the linear operating ranges specified in the instrument
documentation. The maximum expanded uncertainties of measurement are 4 %.

12.11 Freguency weightings and frequency responses

12.11.1General

The procedure, described in this subclause for assessing the frequency weighting and frequpncy
response clEaracteristics assumes that the PVEM does not have an electrical output. If an electrical
output is available and used for the tests, preliminary tests shall be performed to determine the
correspondence between the values of frequency-weighted vibration indicated on the display device

and the voltages at the electrical output. No attempt shall be made to account for linearity errors in any
test of frequency weighting.

For each application (hand-arm, whole-body and low-frequency whole-body) for which frequency
weightings are provided in the instrument, one frequency weighting shall be selected for testing with
both sinusoidal mechanical and electrical signals. Other frequency weightings shall be tested using
either mechanical or electrical signals.

Where possible, tests of frequency weightings and frequency responses shall be performed on
the reference measurement range. Where the testing laboratory considers that the ability of an
instrument to conform to the specifications for frequency weighting or frequency response might be
influenced by the setting of the measurement range control, then additional tests shall be performed.
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All measurements shall be performed on measurement ranges where linearity errors are within the
applicable tolerance limits given in 5.7.

The tests of frequency response shall be made in steps of not more than one-third octave across the
frequency ranges specified in Table 13.

Table 13 — Test frequencies for mechanical and electrical frequency response tests

Test one-third-octave-band frequency range?
Hz
Electricattests——————Mechanicaltests—

Application

NOT

NOT

freqyiency response, see ISO 8041-1:2017, Annex H.

12.1

The
acce|
tran|
ont
whe

Hand-arm 4to 2000 8to 2000

Whole-body 0,25 to 160 0,5 to 160

Low-frequency

whole-body 0,4 and 0,5

0,05to 1

a2 The range of nominal centre frequencies is shown. The exact one-thirdzectave band cer

frequencies shall be used, e.g. “8 Hz” represents the band centred on 10%10 Hz= 7,943 Hz.

tre

1 Theerrors, €, mentioned in 12.11 are relative measures, i.e. relativeerrors expressed as J

£ 2 For testing the magnitude frequency response, see 1241.2 and 12.11.3. For testin|

1.2Mechanical tests of frequency response

mechanical frequency response of the PVEM shall*be determined by comparison with
eration measurements made by an appropriately calibrated laboratory referenc
sducer. The error in frequency response is;the indication of frequency-weighted accele
he PVEM minus the vibration value measured by the laboratory reference vibration
h multiplied by the appropriate frequency weighting factor. The vibration transduc

mo

At
of b
The
subg

‘:[lus reference frequency, the input'mechanical vibration shall be adjusted such that th

ted in accordance with the calibration procedure specified in ISO 16063-21.

nd-limited vibration on the PVEM is 20 dB above the lower limit of the specified line
band-limited accelerationivalue of this input signal, a;,,, shall be used as a reference ing
equent tests.

mn’

bercentages.

g the phase

unweighted
e vibration
ration value
transducer
brs shall be

b indication
arity range.
ut value for

At eqch test frequency, the input signal level shall be adjusted to give the same input vibrption value,
a;,, s measured by the laboratory reference vibration transducer. The value of the inpyit vibration
acce]eration and¢the’indication of the PVEM, q;, 4, shall be noted at each of the test frequengies defined
in Tdble 13 for mrechanical tests.
The frequency-response error at frequency f, (f), expressed as a percentage, is given by Fofmula (9):
a. -a, w
L anma W) o

a,w(f)

where w(f) is the frequency weighting factor at frequency f.

The frequency response of the laboratory reference vibration transducer shall be taken into account
when establishing the constant vibration value at different frequencies.

If a constant vibration value cannot be maintained over the complete range of frequencies, signal
values displayed by the instrument shall be corrected, as required, for the differences between the
vibration value measured by the laboratory reference vibration transducer at a test frequency and at
the reference frequency.

The maximum expanded uncertainties of measurement are 4,5 % for all frequencies in the appropriate
nominal frequency range.
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Where separate tests are carried out on the vibration transducer and the electrical part of the
instrument, then the error of the frequency weighting, ¢, at frequency, f, is given by Formula (10):

e(f)=e(f)+e.(f) (10)

where

g isthe error of the vibration transducer response;

e, istheerror of the electrical part of the instrument.

e

In both casps, the error combines the apparent error of the measured result, ¢, with the expanded
uncertainty of measurement, u_, as shown by Formula (11):

Y
g, =&} +u2 (11)

ISO 8041-1:2017, Annex F, provides test information for mounting systems where(these are proviided
with the in§trument.

12.11.3Eleftrical tests of frequency response
Sinusoidal ¢lectrical signals shall be applied to the electrical input faeility of the instrument.

At the refefence frequency, f..;, the input electrical signal shall B¢ adjusted such that the indicgtion
of band-limfited vibration on the PVEM is 20 dB above the lower limit of the specified linearity rgnge.
The indicatpd frequency-weighted value, a;,4, of this input.$ignal shall be used as a reference valug for
subsequent|tests.

At each tesf frequency, the input RMS signal value uy, shall be adjusted such that the same indidated
frequency-weighted value, a,,4, is displayed. The<value of the input signal and the indication of the
PVEM shall[be noted at each of the test frequengies defined in Table 13 for electrical testing.

The electrical component of the frequeney response error at frequency f, €.(f), expressed ps a
percentage]is given by Formula (12)

__ Uin (f) Yih (f) 0/ — Uin (fref)w(fref)_ 0
ee(f)—_aind —Tw(f)]/[Tw(f)}xmo A){ o () wih) 1[x100 % (12)

where

w(f) i$the frequency weighting factor at frequency f;

S i$ the sensitivity, given by Formula (13):
_ Ui (elw(fro)

ing

(13)

At any frequency, the RMS value of the input signal plus instrument noise shall be at least ten times the
RMS value of the instrument noise.

If the same indicated vibration value cannot be maintained over the complete range of frequencies,
signal values displayed by the instrument shall be corrected, as required, for the differences between
the vibration value of the input electrical signal at a test frequency and at the reference frequency.
Signal values displayed by the instrument shall also be corrected, as required, for any nonlinearity
between the indication at the test frequency and the indication at the reference frequency.

The maximum expanded uncertainties of measurement are 3 % for all frequencies in the appropriate
nominal frequency range.
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12.11.4Conformance

For those frequency weightings tested using the mechanical tests, the frequency weighting error is
provided directly from the test, i.e. (f) in Formula (9). For frequency weightings tested only using
the electrical test, the overall frequency weighting error shall account for the frequency response of
the vibration transducer, £,(f). Values for £(f) are obtained by subtracting the error &,(f) from the
result of the mechanical test, £(f), for the frequency weighting that has been mechanically tested, see

Formula (10).

EXAMPLE

An instrument provides two whole-body weightings: Wy and W,. W, is selected for both

mechanical and electrical frequency response testing. The response of the vibration transducer is given by the

diffe

Lot £l 1N H | d ol Al 1 s leo £ 4L
crrCC ot ovw et e et rarncar anta CretTr icar tcestresurcs 10T

nse is added

to th

For
shal
mea

Othe
statq

12.1

The

mea
doeg
vibr

5 miln for whole-body vibration, and 30 min for low-frequency whole-body applications.

12.1

With
weigd
the {
oper|
freq

The
freq

HigH
the
gend

resuflts, e.g=100 f,.

L H N 43 rs P
VW TS vVIDT Ao tr arrstaceT TOSP

e electrical response for W) to give the overall frequency response of the instrument for W,

1] available frequency weightings, the error of the overall frequency response of the
be within the applicable tolerance limits specified in 5.6. The maximum expahdéd unce
surement are 5 % for all frequencies in the appropriate nominal frequency.range.

r optional frequency responses provided shall conform to the designtgoals and tole
bd in the instrument documentation.

|2 Instrument noise

typical value of instrument noise shall be determimed/from the arithmetic ave
surements with the vibration transducer of the instrument fitted to a non-vibrating

htion for which the averaging time shall be stated aud shall be at least 1 min for hand-ar

|3 Signal-burst response

the instrument set to the referehce measurement range and the applicable b3
hting, a steady sinusoidal electricalisignal at the frequency specified in Table 6 shall be

ating range. The signal bursts $pecified in Table 6 shall then be applied to all availab
iency weightings.

fall time of the saw-togth burst wave shall be no more than 1/(5 f,), where f, is the up
iency of the band:limiting component of the appropriate frequency weighting, defined

-frequency switching transients can be produced when generating the saw-tooth wa
fest being affected by these, a single-pole low-pass filter can be necessary betweer
rator and\the PVEM. The cut-off frequency should be high enough to avoid influenc

instrument
brtainties of

ance limits

fage of ten
object that

not add significantly to the indicated vibration valié.-Tests shall be carried out for tinje-averaged

n vibration,

nd-limiting
applied and

ignal value adjusted to obtain an/indication at 50 % of the specified upper boundary ¢f the linear

le time and

per limiting
n Table 3.

be. To avoid
| the signal
ng the test

Meapurements of signal-burst response shall be repeated with the value of the steady input signal
redueed-byfactors—efH-downtoaninptt—sisnal-valte-that-givesanindieation—atteastthree times

grea

ter than the specified lower boundary for the linear operating range.

Measurements of single-cycle signal-burst response shall be repeated with the magnitude of the signal
bursts increased until the first indication of overload.

The vibration values indicated in response to the signal bursts, relative to the values of the vibration
amplitude of the input signal, shall be as specified in Table 7, 8 or 9, as appropriate for the application.
The signal-burst response errors shall be within the tolerance limits given in Tables 7, 8 and 9. The
maximum expanded uncertainties of measurement are 3 %.
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12.14 Overload indication

Overload indications shall be tested by using mechanical signals at the reference frequency (see 13.8.1
or 13.8.2). With the instrument set to the reference measurement range and band-limited frequency
weighting, the signal value shall be increased until the first indication of overload. The input signal shall
be measured with a reference transducer. In each case, the lowest input signal value that causes the
first indication of overload shall be recorded. The maximum expanded uncertainties of measurement
are 2 %.

12.15 Reset

It shall be ¢ that

operation o

pnfirmed that operation of the reset facility cancels the previous display indication, and|
f the reset facility does not give rise to random indications on any display device.

12.16 Combined axis outputs

This test en|
standard w|
the total VI

sures that multi-axis inputs are combined in accordance with the appropriate measure
hen the combined axis output is displayed, e.g. root-sum-of-squares wibration total val
V.

iﬁ‘lent
e or

the
hall

onal

The instrugnent shall be set to the reference measurement range. An electrical input signal af
reference vjbration value shall be applied to each axis in turn. The indicated value for each axis
be noted and used to calculate a combined axis result in accordancevith the appropriate Internati

Standards
simultaneo
calculated 1

The signal
signal inver]

For whole-h
for combini
to determin

12.17 AC

Not applica

[SO 2631-1, ISO 2631-2, ISO 2631-4 and ISO 5349-1). The'input signal shall then be apj
isly to all three input channels; the indicated contbined axis value shall be equal tqg
esult to within 3 %.

bn one channel shall be inverted, i.e. 180° phase change. The indicated value following
sion shall not change by more than 2 %.

ody vibration, the weightings used for'x, y- and z-axes and the multiplying factors, k,
hg single-axis data, are dependent en‘the application, e.g. health. ISO 2631-1 should be
e the expected outputs.

plectrical output

ble for PVEM.

12.18 Ti

ing facilities

blied
the

r the

sed
1sed

ified
The
o be

The minimym averaging'time for the measurement of time-averaged vibration values shall be ver
to be no greater than)the minimum averaging time specified in the instrument documentation.
maximum gveraging'time for the measurement of time-averaged vibration values shall be verified 1
not less thah the maximum averaging time specified in the instrument documentation.

De CarTic 2000 amdthe etapsed
nded uncertainties of measurement are 0,01 %.

A measurente 0,1 %.

The maximum expa

12.19 Power supply

With the field vibration calibrator supplied with the personal vibration exposure meter applied to the
accelerometer in part A of the PVEM, the indicated vibration signal value on the reference measurement
range shall be recorded with the power supply delivering the nominal voltage and then delivering the
minimum voltage to the instrument as specified in the instrument documentation. The indicated signal
values shall be the same within the tolerance limits of 5.18.

NOTE The term power supply includes batteries.
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12.20 Environmental, electrostatic and radio-frequency tests

12.20.1General

A complete PVEM shall conform to all specifications of this clause that apply to the intended use of
the instrument. For conformance to the specifications of this clause, the accelerometer shall be
connected to the instrument in accordance with the normal mode of operation stated in the instrument
documentation.

Each specification of sensitivity to an operating environment applies to an instrument that is turned on

and set to perform a measurement in a typical manner.

Bef
the
calik
refel
docu

The
relat
fori

Environmental conditions at the time of checking the indicatiefis'shall be recorded. For eny

tests
PVE
vibr

Tim
vibr
12.2
The

temperature and 10 % for measurements of relative humidity.

12.2
hun

The
envi

For {
fron

acclimatization period.

The

e conducting, but not during, the environmental, electrostatic and radio-frequ

rator specified in 5.4 and adjusted, if necessary, to indicate the reference vibrdtion
ence environmental conditions. The adjustment shall use the procedure given in the
mentation.

ive to the vibration value produced under reference environmental’conditions, shall b
h accordance with the procedure given in the instrument documentation.

, a field vibration calibrator shall be used to provide a Signal of known vibration mag
M shall be set to perform a typical measurement of frequency-weighted, linear time-avi
htion.

p-averaged vibration values indicated by the instrument in response to the signal frq
htion calibrator shall be recorded for each test:condition.

0.2Expanded uncertainties for measurements of environmental conditions

actual expanded uncertainty of-measurement shall not exceed 0,5 °C for measuren

0.3 Acclimatization requirements for tests of the influence of air temperature and
idity

field vibration calibrator and the instrument (or relevant components) shall be p

ests of thesinfluence of air temperature and relative humidity, the accelerometer shall
the field Vibration calibrator and the power to both instruments shall be switched o

ency tests,

indication at the calibration frequency shall be checked by application of the’field vibration

yalue under
instrument

effect of environmental conditions on the magnitude produced by(the field vibration calibrator,

b accounted

ironmental
nitude. The
braged RMS

m the field

hents of air

relative

aced in an

ronmental chamber to test the influence of air temperature and relative humidity on the PVEM.

be removed
'f during an

ironmental

field vibration calibrator and PVEM shall be permitted to acclimatize at the reference eny

cond

1tions ror atleast 12 h.

After completion of an acclimatization period, the accelerometer shall be fitted on the field vibration
calibrator and the power to both instruments shall be switched on.

12.20.4Test of the influence of air temperature and relative humidity combined

Following the acclimatization procedures described in 12.20.3, the vibration value indicated in
response to application of the field vibration calibrator shall be recorded for the following combinations
of air temperature and relative humidity. For a PVEM where all components can be operated under any
combination of air temperature and relative humidity covered by the specifications of 7.2, the target
test conditions are as follows:

— reference air temperature and reference relative humidity;
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air temperature of =10 °C and relative humidity of 65 %j;
air temperature of 5 °C and relative humidity of 25 %j;
air temperature of 40 °C and relative humidity of 90 %;

air temperature of 50 °C and relative humidity of 50 %.

For each test condition, the deviation of the indicated vibration value from the vibration value indicated
for reference air temperature and reference relative humidity shall be not more than that specified in

7.2.

12.20.5]nf‘

At reference
in response
be recorde
device shal

following suirface temperatures:

— referen|
surface
surface
surface
surface

For each tes
for referengd
12.2.

12.20.6Influence of electrostatic discharges

The equipn
PVEM shall
procedure §

Electrostat
to electrost
all input ch

Discharges
below the s

uence of surface temperature

e air temperature and humidity, and following acclimatization, the vibration valiié,indid
to application of a vibration signal at the reference value and reference frequency
l for the following surface temperatures. The accelerometer on its specified mour
be mounted directly onto a surface which can be temperature controled to +5 °C. Usg

Ce temperature;
temperature of -10 °C;
temperature of 5 °C;
temperature of 40 °C;
temperature of 50 °C.

t condition, the deviation of the indicated vibration value from the vibration value indid
e air temperature and reference relative humidity shall be no more than that specifie

lent required to determine the influence of electrostatic discharges on the operation
conform to the specifications given in IEC 61000-4-2:2008, Clause 6. The test set-up and
hall be in accordance-with the specifications given in IEC 61000-4-2:2008, Clauses 7 an

c discharge testgshall be conducted with the PVEM operating and set to be most suscep
atic dischargeydas determined by preliminary testing. Accelerometers shall be connectg
innels. The instrument configuration at the time of testing shall be recorded.

of electrostatic voltages shall not be made to electrical connector pins that are rece
irface>ef a connector or the PVEM.

c discharges of the voltages and polarities specified in 7.4 shall be applied ten tim

ated
shall
iting
b the

ated
ed in

of a
test
d 8.

[tible

bd to

ssed

Electrostat

s by

contact and ten times through the air. Discharges shall be applied to any point on the instrument that is
considered appropriate by the testing laboratory, see I[EC 61000-4-2. The points shall be limited to those
that are accessible during normal usage. If the user requires access to points inside the instrument,
those points shall be included unless the instrument documentation prescribes precautions against
damage by electrostatic discharges during this access.

Care should be taken to ensure that any effects of a discharge to the instrument are fully dissipated
before repeating the application of a discharge.

With the instrument set for the reference range, the voltage of the contact and air discharges shall be
the maximum positive and the maximum negative voltage.
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After a discharge, the PVEM shall return to the same operating state as before the discharge. Any data
stored by the instrument before the discharge shall be unchanged after the discharge. Unquantified
changes in the performance of the instrument are permitted when a discharge is applied.

12.20.7Radio-frequency emissions and public-power-supply disturbances

Radio-frequency field-strength emission levels, in decibels relative to 1 pV/m, shall be measured with
a quasi-peak-detector instrument for the frequency ranges specified in 7.5. Measuring receivers,
antennae and test procedures shall be as specified in CISPR 22:2008, Clause 10. All emission levels
shall conform to the specifications given in 7.5. Environmental conditions prevailing at the time of the

tests shall be recorded. Radio-frequency emission tests shall be conducted with the PVE

operating,

pow|
prod

All f
negl

Initi
7.5V
shal
the

ane

ered by its preferred supply, and set to the mode, as stated in the instrument document
uces the greatest radio-frequency emissions.

ixtures and fittings used to maintain the position of the instrument shall be) designg

hlly, the radio-frequency emission levels shall be measured over the frequency ranges

be positioned centrally above the case of the instrument, at a height of approximately
able is longer than 250 mm, then it shall be folded back on itself, in a figure-of-eight p
yen number of folds of equal length and with all parts secur€d together at each end of t

in their centre.

Whi
subd
plan
limit

If th
radi
devi

ma
whig

Whe
shal

e maintaining the accelerometer-cable-to-instrument-case arrangement specifi
lause, the radio-frequency emission levels shall be.measured in at least one other plan

ks shall be approximately orthogonal to the prin¢ipal plane of the reference orientation

s of positioning for the system employed to measure radio-frequency emission levels.

e PVEM has any connection device that petmits attachment of interface or interconned
b-frequency emission levels shall be méasured with cables connected to all available
ces. The lengths of the cables shall be as recommended in the instrument docy

Cab;ES shall not be terminated and shall be arranged as described in CISPR 22:2008, 8.2

facturer of the instrument alse“supplies the device connected to the instrument by
h case the radio-frequency.emission levels shall be measured with all items connected

re several connections ¢airbe made to the same connection device, radio-frequency em
be measured with the eonfiguration specified in the instrument documentation as pr

gredtest radio-frequenéyemission levels. Other configurations with the same, or lower, radi

emis
with

For
shal
7.5 4

sion levels may be included in the instrument documentation in a list of compliant con
out further testing if the tested configuration fully conforms to the limits of 7.5.

PVEM thatyare operated from a public power supply, the disturbance to the public pq
be measured as described in CISPR 22:2008, Clause 9, and shall conform to the spec
nd.the conducted-disturbance limits given in Table 10.

gible influence on the measurement of radio-frequency emissions from the'instrument.

htion, which

d to have a

specified in

vith the PVEM in the reference orientation. The accelerometer, attached by the appropriate cable,

250 mm. If
attern with
he folds and

bd in  this
b, The other
, within the

tion cables,
connection
mentation.
unless the
r a cable, in
together.

ssion levels
pducing the
b-frequency
[figurations,

wer supply
fications of

12.20.8Immunity to AC power-frequency fields and radio-frequency fields

The instrument shall be operating while powered by the preferred supply for tests of conformance of
immunity to AC power-frequency fields and radio-frequency fields.

The immunity of a PVEM to AC power-frequency and radio-frequency fields shall be demonstrated with
a vibration transducer connected to the PVEM. A mechanical vibration shall be applied to the vibration
transducer. The vibration shall be sinusoidal vibration at the reference frequency. With no AC power-
frequency or radio-frequency field applied, the band-limited time-averaged vibration value of this test
signal shall be as indicated in Table 14. The vibration value shall be indicated on the measurement
range for which the lower boundary is closest to, but not greater than, the boundary shown in Table 14,
if more than one measurement range is provided.
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Table 14 — Immunity test values for AC power-frequency and radio-frequency fields

Vibration Maximum value of
Application signal value | lower boundary of measurement range
m/s? m/s?
Hand-Arm 2 1
Whole-body 0,2 0,1
Low-frequency whole-body 0,2 0,1

The vibration signal shall be applied to the accelerometer in such a manner as to cause no interference
with the applied AT power-irequency or radio-irequency field. Also, the method of applying
vibration signal shall not interfere with normal operation of the instrument, or with the instrum
susceptibility to the power-frequency or radio-frequency field.

When an A( power-frequency or radio-frequency field is applied, the change in the indicatéd vibrz
value shall pot exceed +10 %.

For instrunents with an AC input power port and, if available, an AC output pewer port, immuni
radio-frequency common-mode interference shall be demonstrated over the-frequency range

0,15 MHz tp 80 MHz. The radio-frequency field shall be 80 % amplitudeémodulated by a sinus
signal at th¢ reference frequency for the measurement application. When unmodulated, the RMS r4
frequency voltage shall be 10 V when emitted from a 150 Q source. Immmiunity to fast transients on the

power sup
accordance
voltage inte

For instrun
PVEM exce¢
radio-frequ
RMS voltag
power-supp
5 kHz in acq

Testing of t}

The instrur
to AC powse
shown in T
all vibratio
requiremen

ly shall apply for a signal having a 2 kV peak voltage and.a fepetition frequency of 5 ki
with IEC 61000-6-2:2016, Table 4. Additional specifications for immunity to voltage
rruptions and voltage surges shall be as described inNEC 61000-6-2:2016, Table 4.

ents with signal or control ports, where any interconnecting cable between any part o
bds a length of 3 m, the specifications of IEC 61000-6-2:2016, Table 2, apply for immuni
pncy common mode interference over the frequency range from 0,15 MHz to 80 MHz
e of 10 V when unmodulated. Specifications for immunity to fast transients on the pu
ly system shall apply for a signal having a 1 kV peak voltage and a repetition frequen
ordance with IEC 61000-6-2:2016,Fable 2.

ne PVEM shall be in accordance with IEC 61000-4-6.

hent documentation may'state that the PVEM conforms to the specifications for expo|
r-frequency and radio*frequency fields at an indicated vibration that is less than
pble 14. In this cagej-the instrument shall conform to the applicable tolerance limit
n values less than'the test value shown in Table 14 down to the stated lower value.
t applies to alkmeasurement ranges for all specifications. The lower value shall be stat

the
ent’s
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'y to
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the instrunjent documentation and shall apply to all modes of operation of the instrument.

12.21 Opératordetection system

If an operatjot-detection system is incorporated, it shall be verified that an information about opefator
presence or absence 15 logged Into the loglile within one l10gging Step alter the operator came into
contact with or has separated from the vibrating object.

The manufacturer shall include a description of the ODS in the instrument documentation, including
recommended operational conditions.

12.22 Logging capabilities

The logging capability test shall run for a time period of 43 200 s (12 h). Part A of the PVEM shall be
placed on a shaker and be exited 2 times for at least 300 s each. One test shall be performed at the
beginning and one at the end of the 12 h test period. During the test the background noise should be
minimized. The timestamps of the measurement shall match the time when the shaker was on/off.
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For whole-body measurements, the RMS magnitude of the shaker output shall be 1 m/s?, for hand-arm
measurements, the magnitude shall be 10 m/s2.

With 1 s steps, there shall be 43 200 samples in the logging file of the 12 h test period. 600 samples shall
correspond to the vibration magnitude.

12.23 Warning indication (mandatory warnings)
a) Information expressing whether the PVEM is ready for use.

It shall be verified that the PVEM is ready for use not later than the time at which the information for
readiness 1s given by the PVEM.

b) Battery indicator.

Under reference environmental conditions, it shall be verified that a warning is signalled as|soon as the
battgry capacity allows only 15 min to 30 min of remaining operation time.

Aftef the warning indicator goes on, the PVEM shall still operate correctly.for more than 15 min.
c) Pverload indicator.

See 12.14.

12.24 Testreport

Full [details shall be given in the test report of the test configurations, instrument orientations, test
conditions and test results, including the corresponding actual expanded uncertainties of mgasurement.
The |test report shall state that the complete instrument conforms to, or does not confprm to, the
spedifications of this document.

The|additional test information noted in-lEC 61000-4-3:2006, Clause 8, shall be indluded. Any
degrjadation in performance, loss of funetion or loss of data noted at the end of a series of electrostatic-
discharge tests, AC power-frequencyfield tests or radio-frequency field tests shall be reported.

The test report shall also contain'the following Information:
— the sample;

— hreference to this decument, i.e ISO 8041-2:2021;

— hny deviationsf5om the procedure;

— pny unusualfeatures observed;

— the date of the test.

13 Periodic verification

13.1 General

Conformance with a specification of this document is demonstrated when the result of a measurement
of a deviation from a design goal, extended by the actual expanded uncertainty of measurement of the
testing laboratory, does not exceed the specified tolerance limits.

Uncertainties of measurement shall be determined in accordance with ISO/IEC Guide 98-3. The actual
expanded uncertainties shall be calculated by the testing laboratory, with the coverage factor k = 2.

The verification test comprises calibration of the PVEM (which can be commissioned by the user of the
instrument) by a testing laboratory (calibration laboratory). The verification test shall be conducted
regularly.
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13.2 Testing requirements

The testing instruments used for verification tests which affect the uncertainty of test outputs shall
hold valid calibrations, traceable to national or internationally recognized standards.

The frequency of the input signals shall be within £0,2 % of the required value.

The magnitude of mechanical input signals shall be within 3 % of the required value.

The total distortion for sinusoidal mechanical vibration test inputs shall be not greater than 5 %.

NOTE 1

For electrodynamic shakers acting below 20 Hz, the total distortion is likely to be greater than 5 %.

NOTE2 F

The environmental conditions prevailing at the time of a test shall be within the followingrahges:

air tem

relativd

13.3 Test

Test object i
and display
Wy, W, Wy,
NOTE T

Unless othe
instrument

Where the instrument documentation specifies batteries of a particular model and type, such batt

shall be ins

13.4 Submission for testing

A vibration|
instrument

Vibration tr
provided tH
testing.

A field vibrs3

br a mathematical definition of total distortion, see Formula (7).

perature: 19 °C to 27 °G;

humidity: < 90 % (non-condensing).

pbject

of band-limited and frequency-weighted acceleration ac€ording to the frequency weight
Wy, Wy, W), Wy or Wp,.

he vibration transducer(s) can be a 3-axis (tri-axial) ac€élerometer or any 1-axis accelerometer

rwise stated, all tests specified in this subclatse apply to each channel of a multi-cha

alled.

transducer of a type recommended for use with the PVEM shall be supplied with

ansducers other than that provided for verification testing may be used with the instrun
at the specifieation of those other vibration transducers are similar to that supplie

ition calibrator can be supplied with the PVEM.

13.5 Prelilminary inspection

s the PVEM with vibration transducer(s) forming a measurenient chain for the measurement

ings

5.

nnel

bries

the

nent,
1 for

The instrument, transducer and the field vibration calibrator (if supplied) shall be visually inspected.
This inspection shall include inspections of the following:

— the transducer, cable and instrument case: these shall show no visible signs of physical damage;

— the connections between the transducer, cable and instrument and any other connections between
components of the instrument: these shall be secure.

All controls

shall be operated to ensure they are in working order.

13.6 Marking of the instrument and information in the instrument documentation

[t shall be confirmed that the instrument is marked according to the specifications of Clause 9.
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Before conducting any tests, it shall be confirmed that the instrument documentation contains all the
information required by Clause 10, appropriate to the facilities provided by the PVEM.

After completion of all tests, the information shall be reviewed to ensure that it is correct and within
the appropriate tolerance limits.

13.7 Test procedure

For the following three typical applications, test procedures and parameters are specified which
comprise only those tests of the instrument which are relevant to the application concerned:

a) Jibration measurement chain for hand-arm vibration;
b) pibration measurement chain for whole-body vibration;
c) pibration measurement chain for low-frequency whole-body vibration.

NOT

) At present, no verification test is specified for vibration meters meastring rotational whole-body
vibrgtion.

EacH test procedure comprises the mechanical test of the combinatien-of transducer and jnstrument,
condtituting a measurement chain which is set to the appropriate weighting filter(s). The validity of the
verification test as stated on the calibration certificate is therefare limited to the applicatign for which
testing was performed.

Whdre necessary, the user can also commission testing.of instrument configurations which differ
fron} the typical configurations. The objective in all cases; however, is a calibration and tesf only of the
meapurement chain configuration which is actually n§ed by the user.

The fest procedure comprises mechanical calibration of the measurement chain with sinusqgidal signals
of d¢fined amplitude and frequency. These testparameters are specified in 13.8. From the mpasurement
resuflts, the following is derived:

— the vibration sensitivity of the measurement chain;
— the amplitude linearity (or any deviation) at discrete input values;

— the frequency response at.discrete frequencies.
13.8 Test parameters

13.8.1 Vibratiommeasurement chain for hand-arm vibration

Frequency weighting: Wy
Reference frequency: 500 rad/s (79,58 Hz)
Reference acceleration: 10,0 m/s?

Unweighted input RMS values for mechanical 5m/s?, 10,0 m/s2, 100 m/s2 at 79,58 Hz
amplitude linearity test:

Frequency range for frequency response: 10 Hz to 800 Hz at 10,0 m/s?
Exact frequencies: (10; 15,85; 79,43; 158,5; 794,3) Hz

In any case it shall be ensured that the input value is at least 20 dB above the noise floor. If necessary,
the shaker acceleration may be increased. Distortion generated by the shaker shall be minimized.
Overtravel of the shaker shall not occur.
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13.8.2 Vib

Frequency weightings:

Reference frequency:

Reference a

Unweighted input RMS values for mechanical am-

ration measurement chain for whole-body vibration

Wy, W, Wy, W), Wi, Wy,
100 rad/s (15,915 Hz)
cceleration: 1,00 m/s2

0,1 m/s%, 1,00 m/s%, 10 m/s% at 15,915 Hz

plitude linearity test:

Frequency j
Exact frequ

In any case
the shaker
Overtravel

NOTE T
is +1 dB (see
lower frequg
where the to|

13.8.3 Vibration measurement chain low-frequency whole-bedy'vibration

Frequency Y
Reference f
Reference a

Unweighted
amplitude 1

Frequency }
Exact frequ

In any case
the shaker
Overtravel

the displacsg

13.9 Cond

Encies:

Eencies:

ange for irequency response: 2 HZ 0 63 HZ at 1,00 m/5s?

(1,995; 7,943; 15,85; 63,10) Hz

it shall be ensured that the input value is at least 20 dB above the noise floor. if neces
acceleration may be increased. Distortion generated by the shaker shall be minim
bf the shaker shall not occur.

he frequencies given lie in that frequency range of the weighting curves-where the tolerance
[SO 8041-1:2017, Annex B). For those weighting curves where the tolerance band of +1 dB exten
ncies than 2 Hz, it is desirable to extend the frequency range below 2-Hz down to those freque
erance band still is +1 dB.

veighting: W;
fequency: 2,5 rad/s (0,397 9 Hz)
cceleration: 0,1 m/s2
input RMS values for mechanical 0,01 m/s%, 0,1 m/s2, 1 m/s? at 0,397 9 Hz
nearity test:

ange for frequency response: 0,2 Hz to 0,4 Hz at 0,1 m/s?

(0,199 5; 0,251 2; 0,397 9) Hz

it shall be ensured-that the input value is at least 20 dB above the noise floor. If neces
acceleration may’be increased. Distortion generated by the shaker shall be minim
bf the shaker’shall not occur. Some combinations of frequency and amplitude might ex
ment capability of the shaker, which is to be documented in the test report.

ucting the test

sary,
zed.

band
ds to
hcies

sary,
1zed.
ceed

Before cond

specified by

the manufacturer.

The complete mechanical tests are performed by three separate tests:

— adjustment of vibration sensitivity at the reference frequency and reference acceleration;

— measurement of amplitude linearity response at the reference frequency;

— measurement of frequency response with a constant input vibration magnitude.

The transducer shall be connected in the best way to the mounting surface of the shaker. Care shall be
taken to avoid that the fixing attachment affects the frequency response at high frequencies.
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A system for calibration by comparison in accordance with ISO 16063-21 should be used. The system
shall be capable to adjust the defined amplitudes which shall be constant over the measurement time.

The measurements shall be performed using the complete measurement chain.

For the weighting filter selected, the vibration sensitivity of the PVEM at the reference frequency and
reference acceleration shall be determined in each channel and then adjusted.

For the measurement of amplitude linearity response at the reference frequency within one
measurement range, the amplitudes given in 13.8 shall be used. The values a, at the display shall be
documented. The llnearlty error Wthh is the dev1at10n in %, at the values a, minus the deviation at the
referenee : : ncertainties
of m| asurement are 5 %

For the measurement of frequency response with a nearly constant input vibration magnitude, the
freqpencies given in 13.8 shall be used. The values a, at the display shall be documeénted. The deviation
fron} the design goals (see ISO 8041-1:2017, Annex B) shall be within the tolerances given in [[able 5. The
maxjmum expanded uncertainties of measurement are 5 %.

13.10 Testreport

Full [details shall be given in the test report of the test configurations, test conditions and fest results.
The [test report shall state that the complete instrument has been verified, or has not been|verified, as
confprming to the specifications of this document as far as has been tested.

14 [n-situ check

14.1 General

In-situ checks are intended for application in-the field prior to and following a measurement or series of
meapurements. They act as a check of theinstrument’s basic calibration and functionality.

The jnstrument documentation shalkinclude instructions for routine in-situ checks.

14.2 Preliminary inspection

The nstrument documeritation shall specify a visual inspection to confirm the physical int¢grity of the
instfument. This inspection shall include inspections of the following:

— the accelerometeér, cable and instrument case: these shall show no visible signs of physiral damage;

— the connéctions between the accelerometer, cable and instrument and any other ¢onnections
betweencomponents of the PVEM: these shall be secure.

14..3 Vibration sensitivity (field calibration)

It is recommended that an in-situ check of vibration sensitivity be performed. This shall then be
described in the instrument documentation and include the following.

— A procedure for checking the mechanical vibration sensitivity of the PVEM, to be carried out at
the reference vibration value on the reference measurement range and at the calibration check
frequency using the specified field vibration calibrator.

For hand-arm vibration in-situ checks only, a check frequency of 159,15 Hz is permissible; the expected
indication value can be derived from 5.6.

— An indication of the maximum change in vibration sensitivity likely to occur in normal use (i.e. the
expected range of adjustment to vibration sensitivity; adjustments greater than this range can be
an indication of instrument faults).
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