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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

1:2017(E)

Until 2005, when the previous edition of this document was published, measuring instrumentation
for human response to vibration (vibration meters) normally consisted of a signal processing unit
and a detachable vibration transducer. According to recent developments, however, part of the
signal processing steps can be integrated in the transducer unit, so that the signal coming out of the
transducer’s sensing element and going into the signal conditioning unit is not accessible any more.
These transducer units include, for example, IEPE and MEMS transducers.

Some of the test procedures specified in this document, however, presume that this point in the signal
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Som
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instj
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instj
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veri
and

brmed on a vibration meter having an electrical input or after some technical modific
umentation, e.g. internal access to signal paths. Or those tests can only be performed m|
h in certain cases requires modifications to some test procedures. Such modificat
edures, however, are beyond the present scope of this document.

e of the test procedures specified in this document can only be performed if an elect
railable, see for example 5.13. Since such an output is not mandatery these tests ¢
brmed on a vibration meter having an electrical output or after sorhe technical modificg
umentation, e.g. internal access to signal paths.

verification test now specified in this document is practicabletand has the objective of id

ument which is adequately calibrated for the intended applications and is suitable for
cost reasonable for the calibration laboratory and affordable for the end user. Th
ication test is strongly reduced in its extent compared'to the full pattern evaluation, o
bnly tests the most relevant characteristics of a yibration meter.
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Human response to vibration — Measuring
instrumentation —

Part 1:
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neral purpose vibration meters

Scope

document specifies the performance specifications and tolerance limits for instrumen
easure vibration values, for the purpose of assessing human response {to\vibration
irements for pattern evaluation, or validation, periodic verification ahd’in situ ched
ification of vibration calibrators for in situ checks.

htion instruments specified in this document can be singlé dnstruments, comb
umentation or computer-based acquisition and analysis systems:

htion instruments specified in this document are intendéd to measure vibration for
fcations, such as the following:

hand-transmitted vibration (see ISO 5349-1);
iwhole-body vibration (see ISO 2631-1, ISO 2631-2-and ISO 2631-4);
ow-frequency whole-body vibration in the frequency range from 0,1 Hz to 0,5 Hz (see |

btion instruments can be designed for-measurement according to one or more of th
htings defined within each of these@pplications.

e levels of performance testing are defined in this document:

pattern evaluation or validation:

1) pattern evaluation, d.e. a full test of the instrument against the specifications def]
document;
D) validation‘of one-off instruments, i.e. a limited set of tests of an individual vibratior]

system.against the relevant specifications defined in this document;

periodicwerification, i.e. an intermediate set of tests designed to ensure that an instrum
withitrthe required performance specification;

ts designed
It includes
ks, and the

inations of

ne or more

SO 2631-1).

b frequency

ined in this

measuring

ent remains

in situ checks ie a minimum level nfhﬁc‘ring rpqnirpd to indicate that an instrumenti

likely to be

functioning within the required performance specification.

Normative references

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

ISO 2631-1, Mechanical vibration and shock — Evaluation of human exposure to whole-body vibration —

Part

1: General requirements

ISO 2631-2, Mechanical vibration and shock — Evaluation of human exposure to whole-body vibration —

Part

2: Vibration in buildings (1 Hz to 80 Hz)

© IS0 2017 - All rights reserved
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ISO 2631-4:2001, Mechanical vibration and shock — Evaluation of human exposure to whole-body
vibration — Part 4: Guidelines for the evaluation of the effects of vibration and rotational motion on
passenger and crew comfort in fixed-guideway transport systems

ISO 5347 (all parts), Methods for the calibration of vibration and shock pick-ups

IS0 5348, Mechanical vibration and shock — Mechanical mounting of accelerometers

ISO 5349-1:2001, Mechanical vibration — Measurement and evaluation of human exposure to hand-

transmitted

ISO 16063 (;

vibration — Part 1: General requirements

1l parts), Methaods for the calibration of vibration and shock transducers

ISO/IEC Gu
measureme

IEC 61000+
techniques

IEC 61000+
techniques -

[EC 61000-4
Immunity tg

IEC 61000-
industrial er

CISPR 22:2
methods of

3 Terms

3.1 Ternj

For the pur
the followir

ISO and IEC
IECEle

— ISO Onlline browsingplatform: available at http://www.iso.org/obp

3.1.1 General

3.1.11

de 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertain
it (GUM:1995)

4-2:2008, Electromagnetic compatibility (EMC) — Part 4-2: Testing and’measure
Electrostatic discharge immunity test

4-3:2006, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measure
Radiated, radio-frequency, electromagnetic field immunity test

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

h-2:2005, Electromagnetic compatibility (EMC) — Part-6:2: Generic standards - Immunit
lvironments

D08, Information technology equipment — Radio\disturbance characteristics — Limits]
measurement

, definitions and symbols

)s and definitions

poses of this document, théiterms and definitions given in ISO 2041, ISO/IEC Guide 99
g apply.

Ctropedia: avajlable at http://www.electropedia.org/

maintain terminolegical databases for use in standardization at the following addressg¢s:

ty in

ment

ment

es —

y for

and

and

vibration acceleration

component

3.1.1.2

of acceleration, where the axis of measurement is specified by application standards

band-limiting frequency weighting

component

3.1.1.3

of a frequency weighting defined by the high- and low-pass band-limiting filters

band-limited frequency range
frequency range defined by the band-limiting component of a frequency weighting

3.1.1.4

nominal frequency range
frequency range of interest, as defined in the relevant measurement standard

2

© IS0 2017 - All rights res

erved


http://www.electropedia.org/
http://www.iso.org/obp
https://standardsiso.com/api/?name=4909c878c5753a17e273ea559f66984f

ISO 8041-1:2017(E)

3.1.1.5

linear operating range

range between lower and upper boundaries, on each measurement range, over which the linearity
errors do not exceed the applicable tolerance limits specified in this document

3.1.1.6
overload
condition that occurs when the upper boundary of the linear operating range is exceeded

3.1.1.7

ating range

reference vibration signal
sinupoidal vibration signal, the magnitude and frequency of which are specified in this dgcument for
testing the electromechanical performance of a human-vibratiofidneter

Note|] 1 to entry: Different reference vibration signals are spécified according to the applichtion of the
instrjumentation.

3.1.1.10
calibration check frequency
freqpency specified for providing a check of the wibration sensitivity of the instrument

3.1.111
tong burst
one pr more complete cycles of a sinusoidal signal that start and end at a zero crossing of the waveform

3.1.1.12

signial burst
one pr more complete cyclesofd periodic signal (such as saw tooth) that start and end at a z¢ro crossing
of the waveform

3.1.1.13

vibrjation measuring’instrumentation
compination of awibration transducer, signal processor and display, being any single instrjument, or a
collgction of instruments, which is/are capable of measuring parameters relating to human fresponse to
vibration

Note|1to entry: See Figures 1 and 2.

3.1.1.14

instrument documentation

instruction manual, operating procedure or other documentation provided for the use of users of the
vibration measurement instrument

© IS0 2017 - All rights reserved 3
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3.1.2 Fre
3.1.21

quency-weighted values

time-averaged weighted acceleration value
frequency-weighted root-mean-square (r.m.s.) vibration acceleration value in a specified axis, ay, in
metres per second squared or radians per second squared, as defined by the expression

qy

r %
1

Tfafv (£)ae

0

where

aw()

T
3.1.2.2

is the translational or rotational, frequency-weighted vibration acceleration in a:spec
direction or around a specified axis as a function of the instantaneous time, {in metre
second squared (m/s2) or radians per second squared (rad/s2), respectively;

is the duration of the measurement.

time-averaged weighted acceleration level

frequency-y

=2

where
ay s
ag isf{

3.1.2.3

veighted r.m.s. vibration acceleration level expressed in decibels, as defined by
a
0 g dB

ap

he frequency-weighted r.m.s. acceleration value;

he reference acceleration (in ISO 1683 for translational acceleration defined as 10-6 m

running r.m.s. acceleration value

frequency-y
expression

veighted running r.m.s. vibfation acceleration, in metres per second squared, defined by

is‘the frequency-weighted instantaneous vibration acceleration at time §, in metres

ified
b per

 the

per

second squared or radians per second squared (rad/s2), respectively;

t

is the integration time of the measurement;

is the instantaneous time.

Note 1 to entry: Exponential averaging may be used for the running r.m.s. method, as an approximation of the
linear averaging. The exponential averaging is defined as follows:

where Tis th

e )
T]d5

(a>exp(

e time constant.

© ISO 2017 - All rights reserved
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3.1.24
maximum transient vibration value
MTVV
maximum value of the running r.m.s. vibration acceleration value when the integration time is equal to 1 s

3.1.2.5

motion sickness dose value
MSDV

integral of the squared frequency-weighted instantaneous vibration acceleration ay/(t) in m/sl.5 as
defined by the expression

1:2017(E)

whe
Note
accel

Note
the ny

3.1.]
vibr
VDV
inte
m/s

whe
Note

Note
the ny

3.1.]
vibr
com

@ 2
MSDV = J-a\ZN (¢)de

0
Fe @ is the total period during which motion could occur

1
eration through multiplication by @ A .

2 to entry: For measurement instrumentation, the exposure period, @) is likely to be assumed t
neasurement period, T, unless otherwise indicated.

.6
ation dose value

bral of the fourth power of the frequency-weighted instantaneous vibration accelerat]
/75 as defined by the expression

o Y
DV = jajv ()de
0
Fe @ is the total (daily) period for which vibration exposure occurs

1 to entry: The vibration dose'value is more sensitive to peaks than is the r.m.s. value.

2 to entry: For measuriement instrumentation, the exposure period, @, is likely to be assumed 4
neasurement period, T)unless otherwise indicated.

.7
ation totalwvalue
bined vibration from three axes of translational vibration, as defined by the expression

X122 2 2 2 2
WA \/kx a,. +ky awy +kZ a,.,

1 to entry: The motion sickness dose value can be obtained from the frequency-weighted r.np.s. vibration

0 be equal to

ion aw(t) in

0 be equal to

where

Awx, Awy and aw;

kx, ky and k,

3.1.2.8

peak vibration value
maximum modulus of the instantaneous (positive and negative) peak values of the frequency-weighted
acceleration

© IS0 2017 - All rights reserved
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3.1.29
crest factor

parameter for a measurement period, given by the peak vibration value divided by the r.m.s. vibration
value, with both values having the same frequency weighting

3.2 Symbols

For the purposes of this document, the following symbols and abbreviated terms apply.

Aw

time-averaged frequency-weighted single-axis vibration acceleration

aw(t), aw($)

f

toré

Wx

AP

max
Ap
A9

MSDV
MTVV

instantaneous frequency-weighted translational or rotational single-axis accelérs
at time ¢, or time &

frequency
overall frequency weighting function

multiplying constants applied to the whole-body frequency-weéighted
acceleration value for axis i

one-third-octave band number
variable of the Laplace transform
instantaneous time
measurement duration
frequency weighting

exposure duration

maximum peak value deviation

phase error

phase delay time difference
exponentialaveraging time constant
linear averaging time

motion sickness dose value

maximum transient vibration value

ition

VDV

vibration dose value

© ISO 2017 - All rights reserved
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5
& T
{ { 6
4
2
| | |
I 3 7 8
9 (L 10
11 12 13
Key
1 fransducer 8 ~\Urequency weighting — including band-limiting
2 mounting system 9 band-limited output
3 yibrating surface 10 frequency-weighted output
4  table 11 time weighting
5  plectrical input 12 additional processing
6  pignal conditioning 13 display
7  pand limiting
Flgure 1 — Example 60f)the basic functional path of a vibration measurement instryment or
meéasurement system — time-domain signal processing

© IS0 2017 - All rights reserved 7
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4
2
I 3 8 9
10 JD 11
12 13
Key
1 transduger 8  band limiting (calculation)
2 mountirlg system 9 frequency weighting — including band limiting
(caleulation)

3 vibrating surface 10 band-limited output
4  cable 11T\ "frequency-weighted output
5 electricdl input 12 accumulation of frequency bands
6  signal cgnditioning 13 display
7  frequengy analysis time weighting time.averaging

Figure|2 — Example of the,basic functional path of a vibration measurement instrument

or measurement systent — frequency-domain signal processing (not applicable to VDV
processing)

4 Refer¢nce'environmental conditions
Reference environmental conditions for Qppr‘ifying the pprfnrmann of a vibration meter are

— air temperature: 23 °C, and

— relative humidity: 50 %.

5 Performance specifications

5.1 General characteristics

The performance specifications of this clause apply under the reference environmental conditions.

8 © IS0 2017 - All rights reserved
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As a minimum, human-vibration measuring instrumentation shall provide a means of displaying
— time-averaged weighted vibration acceleration value over the measurement duration, ay,
— time-averaged band-limited vibration acceleration value over the measurement duration, and

measurement duration, T.

The human-vibration measuring instrument shall also provide a means of indicating whether an
overload occurred at any time within the measurement duration.

The human-vibration measuring instrument shall provide a method for setting and adjusting the

vibration sensitivity.
Human-vibration measuring instruments may contain any or all of the design feature$ for which
perfprmance specifications are given in this document. An instrument shall conform’to the applicable
perfprmance specifications for those design features that are provided.
If the instrument has more than one measurement range, the instrument dgepimentation shiall describe
the measurement ranges that are included and the operation of the measurement range ¢ontrol. The
instfument documentation shall also identify which is the reference measurement range.
The feference vibration signal values and frequencies are given in Table 1.
Table 1 — Reference vibration values and frequencies
Fre- Nominal “f,:é%::lantg Weighted
Application quency | Reference | frequency Reference a¢celeration
A reference £
weighting range e at reference
requency ll:'equency
r.m.s. nd r.m.s.
Frequency | accelera- a¢celeration
tion value value
Hz m/s? m/s?
- 500 rad/s
Hand Wh TableB6 | 8to1000 / 10 0,202 0 2,020
trpnsmitted (79,58 Hz)
Wy Table B.1 0,812 6 0,812 6
We Table B.2 0,514 5 0,514 5
W, Table B.3 0,126 1 0,126 1
3 — 0,5t080 | 100rad/s
Whhole-body We Table B.4 1 0,062 87 0,062 87
(15,915 Hz)
Wj Table B.7 1,019 1,019
Wk Table B.8 0,771 8 0,771 8
Wm Table B.9 1to 80 0,336 2 0,336 2
. 2,5rad/s
Foelagency W Tabie B.5 0,110 0,5 L 0,1 0,3888 0,038 88
whole-body (0,397 9 Hz)

If the instrument is capable of measuring the maximum (e.g. MTVV) and peak vibration values, a “hold”
function shall be provided. The instrument documentation shall describe the operation of the hold
feature and the method for clearing a display that is held.

Many of the specifications and tests in this document require the application of electrical signals
substituting for the signal from the vibration transducer. The instrument documentation shall specify
a means for substituting an electrical signal, equivalent to the signal from the vibration transducer, for
performing electrical tests on the complete instrument without the vibration transducer. If appropriate,
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the instrument documentation may describe alternative methods to test the specified operations of the
human-vibration meter.

NOTE The manufacturer of the human-vibration meter is free to provide an input test point, or a dummy
vibration transducer of specified electrical impedance (termination), or an equivalent input adapter (electrical or
non-electrical) to perform electrical tests on the instrument.

The instrument documentation shall specify the maximum peak vibration at the vibration transducer
and the maximum peak-to-peak signal (e.g. charge or voltage) that can be applied at the electrical input
facility. The maximum vibration value and the maximum peak-to-peak voltage shall not cause damage
to the instrument.

The tolerance limits given in this document include the associated expanded uncertaintigs of
measurement, calculated for a coverage factor of 2, corresponding to a coverage prohability of
approximately 95 %, in accordance with the guidance given in ISO/IEC Guide 98-3. Guidelines for
estimating |nstrumental measurement uncertainty are provided in Annex I.

5.2 Display of signal magnitude

5.2.1 General

For instrunpents that can display more than one measurement quantity, a means shall be providgd to
ascertain clearly the measurement quantity that is being displayed,-preferably indicated by stanflard
abbreviatiops or letter symbols.

The quantitiies that can be displayed by the human-vibration meter shall be described in the instrument
documentation, along with a description of the correspondingindications on each display device.

The instrument shall display the frequency-weighted aceeleration values. Optionally, it may also digplay
the frequercy-weighted acceleration value multiplied by a factor k, as defined in ISO 2631-1. Where
multiplying| factors are used, this shall be clearly igdicated on the instrument and the instrument ghall
be capable ¢f displaying the multiplying factors:

Where a combined axis output is displayed\(¢.g. vibration total value, 3.1.2.7), the instrument shalll be
capable of displaying the values of the multiplying factors used.

When results of a measurement are provided at a digital output, the instrument documentation ghall
describe the method for transferring or downloading the digital data to an external data storage or
display deyice. The instrument,documentation shall identify the computer software as well ag the
hardware for the interface. Internationally standardized interface bus compatibility is recommended.

Each alterrjative devicefor displaying the signal value, stated in the instrument documentatign as
conforming|to the specifications of this document, is considered an integral part of the instrument. Each
such alternptive dewvice shall be included as part of the components required for conformance tq the
performande specifications in this clause and the applicable environmental specifications of Claulse 7.
Examples of alternative display devices include level recorders or computers with monitor screensj

For an instrument that uses a display device with a range less than the linear operating range specified
in 5.7, the instrument documentation shall describe a means to test the linearity beyond the limits of
the indicator range.

5.2.2 Resolution and refresh rate

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

If an instrument only has an analogue, or simulated analogue, display device that provides a continuous
indication, the display shall be a logarithmic display of the vibration value. The range of the analogue
display device shall include a display of at least 2 decades, with each decade being at least 10 mm wide.
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Where the display range does not encompass the whole of the linearity range of the instrument, then
the display range shall be switchable to allow for the whole of the linearity range to be viewed.

If a digital indicator is provided, and the measurement quantity displayed is a vibration parameter,
the display shall be updated at regular time intervals. The time interval between updates shall be
appropriate to the measurement being displayed. The extent of the range of a digital display shall be at
least sufficient to cover the linear operating range.

For instruments with digital display devices updated at periodic intervals, the indication at each display
update shall be the value of the user-selected quantity at the time of the display update. Other modes
of indication at the time of the display update may be identified in the instrument documentation and,
if so[the operation of SUCh modes shail be expiained in the IMSTrument documentation. I hejinstrument
docymentation shall state which modes conform to the specifications of this document anjd which do
not ¢onform.

5.2.3 Stabilization, measurement start and display times

Within the prevailing environmental conditions, the time interval required for stabilizing and being
ready to use shall be no greater than 2 min from switching on the instrutnént.

The [display shall indicate when the instrument is ready for use following switch-on, range change or
charges to filter selection.

The fime between a user initiating a measurement and the start'of that measurement shall bg no greater
than 0,5 s.

NOTE This can require an initialization procedure, particularly for low-frequency whole-body yibration: an
operpting phase prior to measurement initiation that ensures that the instrument has settled follojving the end

of a grevious measurement.

Priof to a measurement result being available;the instrument display shall clearly indicatg whether a
meapurement is in progress, or whether an‘initialization stage is underway.

5.3 | Electrical output

If arf AC electrical output is provided, the instrument documentation shall state the charatteristics of
the gutput signals. The characteristics shall include

— the range of peak-to-peak voltages, which shall be not less than 1V,
— the internal eleetrical impedance at the output,
— the minimuniload impedance, and

— the frequency weightings applied to the output signals.

ection of passive impedance without stored electrical energy, including a short circuit, to the

aroatcpt a Ota a1ty ast PTO0 S oTeTira 0.

5.4 Vibration sensitivity

The instrument documentation shall specify at least one model of field vibration calibrator as a means
to check and maintain the mechanical sensitivity of the human-vibration instrument. The field vibration
calibrator shall conform to the specifications given in Annex A.

The instrument documentation for the vibration instrument shall describe the procedure for adjusting
the indicated vibration to conform to the specifications in this document by application of the
specified field vibration calibrator. The adjustment shall apply to the models of vibration transducers
recommended in the instrument documentation for use with the vibration meter. The adjustment
shall also apply to any cables, connectors and other accessories provided by the manufacturer of the
vibration meter for connecting a vibration transducer to the vibration meter.
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5.5 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.

Table 2 — Tolerances of indication at reference frequency and reference vibration value

Parameter Tolerance
+4 %
for hand-transmiitted pnd
Tolerance of indication at the reference frequency under reference environmental whole-body vibratign
conditions +5 0

for]Jow-frequency whple-
body vibration

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

vibration va]iue)

The differerjce between the indication of the running r.m.s. vibration‘value with
a band-limitling frequency weighting, and the indication of the bandélimiting
frequency-weighted vibration value with the linear time-averaged r.m.s. value 2%
over any mefasurement time (for a steady sinusoidal input vibration signal at the
reference frequency and reference vibration value)

5.6 Freqpency weightings and frequency/responses

5.6.1 Parfameters
A human-vibration meter shall have{one or more of the frequency weighting or weightings listed in

Table 1, incJuding 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 of the frequency weightings

Band-limiting a-v transition Upward step Gain
Weight-
P I G I f3 fa T R PR I P
1 2 4 5 6
Hz Hz Hz Hz Hz Hz

Wy SA— 78— 7 16 16 8;55—+—=2-5 8,9 4 8,95—+341024

We 0,4 1/\/5 100 1/\/5 8 8 0,63 o 1 ed 1 1

Wy 0,4 1/\/5 100 1/\/5 2 2 0,63 o 1 o0 1 1

We 0,4 1/\/5 100 1/\/5 1 1 0,63 e 1 o0 1 1

Wr 0,08 1/\/5 0,63 1/\/5 © 0,25 0,86 [0,0625| 0,80 | 0,10 | 0,80 1

Wh 108/10 1/\5 1031/10 1/\5 100/(2m) 100/(2m) 0,64 © 1 0 1 1
NOTE 1 For weighting Wy, ISO 2631-4:2001, Table A.1, rounds the value of parameter Q1 to two decimal places. The
parameter specified here is the exact value.
NOTE 2 For weighting Wy, ISO 5349-1:2001, Table A.1, rounds the values of parameters f1, f2, f3 and fa to five
significant figures and parameter Q1 to two decimal places. The parameters specified here are the exact values.
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Table 3 (continued)

Band-limiting a-v transition Upward step Gain
j=-al IS IO R N f3 fi ol B o %] ol &
1 2 4 5 6
Hz Hz Hz Hz Hz Hz
W 04 [1,42] 100 |1, % w 1 | 375 |091(532]091| 1
Wy 04 |4 / J2 | 100 |4 / 2 12,5 12,5 0,63 | 2,37 | 091335091 1
1/
-0,1
W 10015/ 5| 100 |1 /2| (o282 m |1/(0028x2m) | 05 | oo 1 ) 1 1
NOT|E 1 For weighting Wy, ISO 2631-4:2001, Table A.1, rounds the value of parameter Q1 to two decimdl places. The
pardmeter specified here is the exact value.
NOTE 2 For weighting Wy, ISO 5349-1:2001, Table A.1, rounds the values of parameters f1, f2, f3 and f to five
signjficant figures and parameter Q1 to two decimal places. The parameters specified here are.the exadt values.
The pngular frequencies wy, ..., we (given by w; = 21f; where f; are the frequencies f1, ..., fs in Table 3) and
the rlesonant quality factors Q1, Q2, Q4, Qs and Qg are parameters of the transfer functions in Hormulae (1)
to (3) which determine the overall vibration acceleration frequency weightings. The overall frequency
weighting function is a product of band-limiting, a-v transition and upward-step filters.
5.6.2 Band-limiting filter
The [band-limiting element is a combination of high- and\low-pass second-order Butteryvorth filter
charjacteristics. These components are defined as shown‘by Formulae (1) and (2):
a) High pass
1
Hh (S) = 5 (1)
[0) o
1+—L+| L
Qs s
b) Low pass
1
Hl (S) = 5 (2)
s 5
1+ +{—
Qy05 | @,
The product #j(s) - H)(s) represents the band-limiting transfer function.
5.6.3 “a-v transition filter
The a-v transition filter is proportional to acceleration at lower frequencies and to velocity at higher
frequencies, as shown by Formula (3):
s
1+— |K
0]
3
Hy(s)= . (3)
s s
1+ +|—
Quo, | @4
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NOTE

Hi(s) = 1 when both f3 and f4 (@5 and @, ) equal infinity.

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):

2
s s
1+ +| — 2
Q- [(o ] )
H_ (s) = > > > (—5\ (4)
15y
s s
1+ +|—
Q65 (‘06 ]
NOTE Hi(s) = 1 when both f5 and fe (@ and @, ) equal infinity.
5.6.5 Ove¢rall frequency weighting
The overall| frequency weighting function for each weighting W is the prodact of band-limiting, a-v
transition :lnd upward-step filters, as shown by Formula (5):

H(s) = Hn(s) - Hi(s) - H(s) - Hs(s) (5)
The most cqmmon interpretation of these formulae is in the frequency domain, where they describg the
modulus (npagnitude) and phase of the frequency weighting§;as functions of the imaginary angular
frequency § = j2nf.

NOTE1 S¢metimes the letter p is used instead of s.

NOTE 2  sfan be interpreted as the variable of the Laplace transform.

The tables dnd weighting curves given in Annéex’B illustrate the magnitude and phase of the frequency
weightings defined by Formulae (1) to (5) ahd Table 3, as functions of frequency f.

If a humar]-vibration meter provides,‘one or more optional frequency responses, the instrument
documentation shall state the deSign-goal frequency response and the tolerance limits thaf] are
maintained|around the design geal(s). If an optional frequency response is specified in an International
Standard, the design-goal frequericy 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. Annex &provides an example of how the frequency weightings can be realized digitally
in the time and frequernicy domains.

5.6.6 Tolprances

The tolerances on the frequency weightings are given in Iables 4 and 5. The tolerance limits 1in Iable 5

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

The phase response of vibration instrumentation is critical to measured parameters not based on the
r.m.s. 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 rate of
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change in phase error with frequency, rather than the absolute phase error itself. For this reason, the
phase response is assessed using the characteristic phase deviation, A¢,,, defined as by Formula (6):

an§0n+1 _fn+1A(pn

A(p = (6)
0 fn +1 fn ‘
where
fn is the centre frequency at one-third-octave band number n;
Ap. is the phase error at frequency corresponding to one-third-octave band number p.
Table 4 — Transition frequencies for frequency weighting tolerances
. Tolerance transition frequencies
ngght- Hz
ing
fa fi2 f3 fta
10-6/10 10-2/10 1018/10 1022/10
Wo 02512) | (0,631) (63,1) (158,5)
10-6/10 10-2/10 1018740 1022/10
We 02512) | (0,631) ©3.1) (158,5)
10-6/10 10-2/10 1018/10 1022/10
Wa 02512) | (0,631) (63,1) (158,5)
10-6/10 10-2/1Q 1018/10 1022/10
We 0,2512) | (0,631) 63,1) (158,5)
10-13/10 10%-9/10 10-4/10 100/10
Wi (0,05012) 4 (0,1259) | (0,3981) (1)
106/10 1010/10 1029/10 1033/10
Wh (3,981 (10) (794,3) (1995)
10=6/10 10-2/10 1018/10 1022/10
Wi 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
W (0,5012) | (1,259 63,1) (158,5)
Table 5 — Tolerances on frequency weightings
Characteristic phase
Frequency f Magnitude tolerance deviation a A 9,
_IF£JFL1 4.')AQW 1nnqu +£00
ftl <f<ft2 +26 %, -21% +12°
fio<f<fis +12 %, -11% +6°
fe3 <f<fu +26 %, -21% +12°
fus<f +26 %, -100 % +oo
a  Characteristic phase deviation tolerances only apply to instruments that provide measurement
parameters that are not based on r.m.s. values.

5.7 Amplitude linearity

Over the entire measurement range, the indicated signal value shall be a linear function of the
mechanical vibration value at the vibration transducer. This design goal applies at any frequency within
the frequency range of the instrument at any frequency weighting or frequency response provided. The
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linearity specifications apply to the whole instrument, including the transducer, and to all measured
vibration parameters.

Over the full extent of all the measurement ranges, the linearity error shall not exceed 6 % of the input
value. On the reference measurement range and at the reference frequency, the linear operating range
shall be at least 60 dB.

NOTE

impactive vibration signals.

For hand-arm vibration, a greater linearity range can be necessary for the measurement of highly

The instrument documentation shall state the range of vibration values within which the linearity

error does

ot exceed 6 9% without indication of nnﬂnr-r:\ngn oroverload. This rnqnirnmnnf npp]in

for

steady sinu

soidal signals at any frequency in the nominal frequency range.

For instrunpents with multiple and manually selected measurement ranges, the overlap 6f vibrg

values indid

For each m
that can be
operatingr

5.8 Instrn

For time-a

ated on adjacent measurement ranges shall be at least 40 dB.

basurement range, the instrument documentation shall state the range ofvibration v
measured without under-range or overload, i.e. the lower and upper bounidaries of the li
hinges.

ument noise

Feraged frequency-weighted vibration, the instrument“documentation shall state

typical indications that will be observed on the display device when the vibration transducer o

instrument
indications
vibration tr

is fitted to a non-vibrating object that does not add-’significantly to the indications.
shall correspond to the total inherent noise fromthe combination of the recommei
ansducer(s) and the other components in the htitnan-vibration meter, at least for refer

environmental conditions.

5.9 Signa

The specifi
the respons

The saw-to
with the ch
amplitude g

NOTE1 T
characterist
NOTE2 T

frequencies
response of {

I-burst response

ation of human-vibration instruments for the response to signal bursts is given in terr
e to saw-tooth signals at the referénce frequency.

bth test signal is illustrated:in Figure 3. The tests are carried out using saw-tooth H
practeristics given in Table’6. The responses given in Tables 7 to 9 are relative toa 1 |
ignal and shall be multiplied by the amplitude of the actual test signal.

he response to thevSaw-tooth signal burst is determined by digital simulation of the
cs.

he saw-tooth’wave shape has been chosen to ensure that the signal burst contains combinatio
vith known' phase relationships. The saw-tooth burst test therefore ensures that the relative g
he freqiency weighting at different frequencies is tested.
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The
nded
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Figure 3 — Saw-tooth burst test signal (2-cycle bursts illastrated)
Table 6 — Saw-tooth signal burst test signal characteristics
Angular fre- | {Start Repept | Dura-
Application Weighting quency time N“cl;‘:’l‘zls' of | time tion
rad/s S S s
Hand-arm Wh 500 (79,58'Hz) 0,2 2 12
_ Wbi WCI Wd’ We, M/j: Wkﬁ 100
Whole-body Win (15,915 Hz) 1 1,2,4,816| 60
Lopv-frequency whole- We 7,5(0,3979 Hz)| 40 400 | 2400
body
Table 7 — Saw-tooth signal burst response for hand-arm vibration measurements
Number of Tolerance
Weighting saw-tooth cycles r.m.s. value ¥
per burst 0
1 0,044 8 10
2 0,063 3 10
_ 4 0,089 5 10
Band{imiting
8 0,127 10
16 0,179 10
Continuous 0,565 10
1 0,010 3 10
2 0-043-3 10
4 0,016 8 10
Wh
8 0,022 4 10
16 0,030 9 10
Continuous 0,094 6 10
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Table 8 — Saw-tooth signal burst response for whole-body vibration measurements

Number
of saw- Toler- Toler- Toler- | mtyy | Toler-
Weighting | tooth ::lluse ance VDV ance ll\;[:e‘;‘; ance expo- ance
cycles per % % % nential %
burst
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
4 0,086 5 10 0,705 12 0,274 10 0,258 10
Band
limiting 8 6122 16 6-838 12 6-387 16 -3+ .
16 0,173 10 0,996 12 0,547 10 0,437 1
COES:“' 0,546 10 1,77 12 0,547 10 0,549 1
0,031 4 10 0,342 12 0,099 1 10 0,096 8 1
2 0,043 5 10 0,403 12 0,137 10 0,132 1
0,061 4 10 0,482 12 0,194 10 0,182 1
Wh 8 0,086 7 10 0,575 12 0,274 10 0,243 1
16 0,123 10 0,685 12 0,387 10 0,309 1
COES:“' 0,387 10 1,22 12 0,388 10 0,388 1
0,022 2 10 0,244 12 0,070 3 10 0,068 4 1
0,029 2 10 0,275 12 0,092 3 10 0,088 5 1
0,039 7 10 0,318 12 0,126 10 0,117 1
We 8 0,055 10 0,374 12 0,174 10 0,153 1
16 0,077 10 0,445 12 0,243 10 0,192 1
COL‘S:“' 0,24 10 0,788 12 0,243 10 0,242 1
0,006 69 10 00779 12 0,021 2 10 0,019 7 1
0,009 06 10 0,085 2 12 0,028 6 10 0,026 4 1
0,011 6 10 0,092 3 12 0,036 6 10 0,033 1
Wy 8 0,014 8 10 0,101 12 0,046 9 10 0,04 1
16 0,019.7 10 0,115 12 0,061 1 10 0,048 1 1
COL‘S;‘“' 6,059 10 0,197 12 0,061 1 10 0,059 4 1
1 0,003 42 10 0,040 9 12 0,010 8 10 0,009 92 1
2 0,004 78 10 0,045 2 12 0,015 1 10 0,0135 1
)t 0,006 37 10 0,049 3 12 0,020 1 10 0,017 6 1
We Q 000816 10 ﬂ’ﬂ'fR [ 12 00258 10 01071 4 1
16 0,010 2 10 0,059 2 12 0,031 1 10 0,024 4 10
COL‘S;‘“' 0,029 5 10 0,098 7 12 0,031 1 10 0,029 7 10
0,043 5 10 0,517 12 0,138 10 0,135 10
0,0616 10 0,609 12 0,195 10 0,189 10
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
COL‘SSU' 0,554 10 1,81 12 0,555 10 0,557 10
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Table 8 (continued)
Number

of saw- Toler- Toler- Toler- | pmtyy | Toler-
Weighting | tooth :;:lluse ance VDV ance ll\:[:;;‘l{ ance expo- ance

cycles per % % % nential %

burst

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

4 0,0577 10 0,455 12 0,182 10 0,171 10

A, 8 0;084+4 16 8543 12 0,257 16 0,228 10

16 0,115 10 0,648 12 0,363 10 0,289 10

Cogfli;m' 0,362 10 1,15 12 0,364 10 0,363 10

0,0149 10 0,165 12 0,047 2 10 0,045 6 10

0,0197 10 0,185 12 0,062 3 10 0,059 4 10

0,0264 10 0,211 12 0,083 6 10 0,077 5 10

Wi 8 0,0363 10 0,247 12 0,115 10 0,101 10

16 0,0507 10 0,294 12 0516 10 0,126 10

Cogfl?“' 0,158 10 0,52 12 0,16 10 0,159 10

Table 9 — Saw-tooth signal burst response for low-frequency whole-body vibration

measurements
Number of
Weighting sa(‘:/vy-ctloe (;th r.m.s. value Tole:/‘oance MSDV Tole;)ance

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

Bdnd limiting

8 0,098 2 10 4,811 10
16 0,139 10 6,81 10
Eontinuous 0,439 10 21,51 10
1 0,019 7 10 09651 10
2 0,023 6 10 1,156 10
We 4 0,030 4 10 1,489 10
8 0,041 6 10 2,038 10
16 0,057 1 10 2,797 10
Continuous 0,176 10 8,622 10

5.10 Overload indication

The human-vibration meter shall have an overload indicator that shall be operative for each applicable
display and shall be capable of detecting overloads at all critical points in the vibration signal path.
Overloading the transducer shall be avoided by appropriate means (e.g. selection of suitable transducer
for the intended measurement, electrical overload detectors incorporated into the transducer, use of
mechanical filter).

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

© IS0 2017 - All rights reserved 19


https://standardsiso.com/api/?name=4909c878c5753a17e273ea559f66984f

ISO 8041-1:2017(E)

The overload indicator shall operate for both positive and negative one-half-cycle signals. The difference
between the positive and negative one-half-cycle signal values that just cause an overload indication

shall be not

more than 15 %.

When a vibration meter is used to measure time-averaged vibration values, the overload indicator
shall latch on when an overload condition occurs. The latched condition shall remain on until the
measurement results are reset. This requirement also applies to measurements of maximum vibration
values, peak vibration values, or other quantities calculated during, or displayed after, the measurement

duration.

When a v1brat10n meter is used to measure runnmg r.m.s. time- welghted Vlbratlon values the overload

indicator sl
overload cd
for linear r
Following t
whole-body

The instru
indication g

NOTE
duration) in

[

t

5.11 Unde

If the time

boundary df the linear operating range, an under-range indigdtion shall operate before the toler

limits on lin
condition e
arm vibrati

5.12 Time

The instrument shall allow the measurement duration of the time-averaged weighted accelers:

value to be

5.13 Runn

For instruments that providé.the running r.m.s. acceleration, the time constant shall be checkg

steady refe
shut off. Be
integration
averaging. §

The indicat

xists or affects the displayed measurement, Fhe minimum time for indication is 1 s for h|

ndition affects the dlsplayed measurement (a perlod equlvalent to the 1ntegrat10n
inning r.m.s. acceleration values or twice the integration time for exponential avérag|
he overload, the indicator shall remain on for at least 1 s for hand-arm vibration, 8
and low-frequency whole-body applications.

ment documentation shall describe the operation and interpretation’ of the overy
nd the method for clearing a latched indication.

is useful that the vibration meter is capable of indicating how long (in relation to the measure
bach channel overload took place.

r-range indication
-weighted human vibration or time-averaged hurhan vibration is less than the 1
earity are exceeded. The under-range indicatign'shall remain on as long as the under-r

bn, 8 s for whole-body and low-frequency whole-body applications.

averaging

celected or controlled by the user.

ing r.m.s. acceleration

rence frequeney sinusoidal electrical signal shall be applied to the input and then sudd
fore being shut off, the steady signal shall be applied for a period of at least 5 timej
time for-dinear time averaging or for 20 times the integration time for exponential
ee AnnexD for details of linear and exponential running r.m.s. time averaging.

N the
time

ing).
5 for

load

ment

wer
hnce
hnge
and-

ition

d. A
enly

the
time

pd output 51gnal Value shall reduce at the rates specified in Table 10 for linear time avera

and Table 11

ging

start of the decay to the time at Wthh the lndlcated value is less than 10 % of the 1n1t1al value. This
requirement applies for the reference measurement range.

20

Table 10 — Time-weighting decay rates, linear time averaging

Time constant Time to 10 % of original signal value

S S

0,125 0,124 + 0,005
1 0,99 £ 0,05
8 792 0,2
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Table 11 — Time-weighting decay rates, exponential time averaging
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Time constant Time to 10 % of original signal value | Equivalent decay rate
S S dB/s
0,125 0,58+0,03 31to 40
1 4,61 +0,25 3,8t04,9
8 36,8+ 2 0,48to 0,62

5.14 Reset

For

hum
to cl
statq
desc

manjual or remote reset facility and the initiation of a measurement.

Use

5.11

An i
elap
incr

The
shal

The
mea

5.1¢

Whe
vibr
less

This

tran
can

5.17
Vibr

an vibration, maximum transient vibration value and vibration dose value shall conta

e whether the reset facility clears the overload indication. The instrument documentatig
ribe the operation of the reset facility and state the nominal delay time between the of

bf a reset facility shall not give rise to spurious indications on the display device(s).

b Timing facilities

hstrument that measures time-averaged human vibrationvshall display the duration
ced since the start of integration. The capability torpréset an integration time intg
bments may also be provided.

tolerance limit for the indicated elapsed time is*0;1 %. The resolution of the display of ¢
not be coarser than 1s.

instrument documentation shall state the'minimum and the maximum integration ti
surement of time-averaged vibration values for any signal value within the range of a dig

b Electrical cross-talk

re an instrument providestsimultaneous signal inputs for more than one axis (or
htion, then the response-ow’any one channel to a signal on any of the other input chani
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 Table E.1. The transversg
become relevant especially with multi-axial transducers.

' Vibration transducer characteristics

htion transducer characteristics shall be selected according to the measurement app

b1l frequency weightings provided, instruments intended for the measurement of tinlle-averaged

in a facility

ear the data-storage device and reinitiate a measurement. The instrument dédumenjtation shall

n also shall
eration of a

of the time
rval in 1 s

lapsed time

imes for the

play device.

channel) of
lels shall be

transducer
sensitivity

ication, see

Ann

eX I Tor 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.

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.
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If internal batteries power the human-vibration meter, 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 range and ripple content (including high-frequency spikes) of the supply.

6 Mounting

If a specifi
documenta
specificati

I
The mounti

general req

The instruy

ion shall state that the instrument conforms to the applicable frequency.Wweigh
s only when the specified devices are installed.

irements of ISO 5348. Guidance for testing mounting systems can be fpund in Annex F

hent documentation shall state the range of applications for which any supplied mour

system is syitable, and shall specify any circumstances in which use of the mounting system is like

result in gr¢

pater uncertainty of measurement.

7 Envirgnmental and electromagnetic criteria

7.1 Gene€

All specific
the mechan
frequency.

ral

htions for the sensitivity to various operating‘environments apply to, and are relatiy
ical sensitivity under the reference environmental conditions and at the calibration c
[he instrument documentation shall state the typical time interval that is required fo

vibration mieter to stabilize after changes in enviroimental conditions.

One-off vib
restricted r

NOTE o)
(recording)
in accordang

7.2 Air te

The influen
of air tempgq
sensitivity §

The specifi

ration instruments may have a restricted range of environmental application; where sy
ange applies, this shall be stated in the instrument documentation.

Ine-off vibration measurement'systems are systems made up of separate signal processing, ana
nd display elements, with.each element of the system having been pattern evaluated, or valid
e with appropriate standards or to manufacturer’s specifications, see 13.1.

pmperature

ce of varjations in air temperature on the mechanical sensitivity is specified over the r
raturesfrom -10 °C to 50 °C. The influence of variations in air temperature on the vibra
hall Be-no more than = 5 % over the specified temperature ranges.

C mechanical filter, mounting system or cable is required, or supplied, the instrullnent

1ting

g methods provided with the instrument, or recommended for use, shalkcomply with the

1ting
ly to

e to,
heck
- the

iIch a

lysis
hted,

hnge
ition

cation for the influence of variations in air temperature applies to a complete vibr

tion

meter or to those components of a vibration meter that may be exposed routinely to large variations in
air temperature.

For those components of a vibration meter designated in the instrument documentation as intended to be
located in an environmentally controlled enclosure (e.g. indoors), the temperature range may be restricted
to 5 °Cto 30 °C. The restricted range of temperature does not apply to a complete vibration meter.

Over the ranges of air temperature specified, 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.
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The influence of variations 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 variations
in surface temperature on the vibration sensitivity shall be no more than + 4 % over the specified
temperature range.

The specification for the influence of variations in surface temperature applies to the accelerometer,
cables and mounting systems that may come into direct contact with vibrating surfaces.

Over the range of surface temperature given in this clause, the linearity error at the reference frequency

and
the

7.4

The
ofa

A vi
elect
pola

Exp
perf]
docu
vibr
or lo
orlo

7.5
The

If th
insty
devi

The
shal
exce
statq
emis

The
peal

Electrostatic discharge

nfluence of electrostatic discharges on the operation of a vibration meter;-orapplicable (
ibration meter system, shall be reduced as far as is practicable.

pration meter shall continue to operate as intended after expdsure to a contact d
rostatic voltage of up to + 4 kV or to an air discharge of electrostatic voltage of up to
rity of the electrostatic voltage is relative to earth ground.

sure to the electrostatic discharges specified in thig clause shall cause no deg
brmance or loss of function in the vibration meter, ekCept as may be specified in the
mentation. The instrument documentation may specify that the performance or fy

ss of function shall not include any change of operating state, change of configuration
ss of any stored data, or permanently reduced‘operation.

Radio-frequency emissions and’public-power-supply disturbances
radio-frequency emissions fromea‘vibration instrument shall be reduced as far as is prg

e human-vibration meter_allows the connection of interface or interconnection
ument documentation shall\recommend typical cable lengths and shall describe the 1
ces to which the cables may be attached.

level of the radio-frequency electric field strength emitted by the instrument’s encl
not exceed 30 @B (relative to 1 pV/m) for frequencies from 30 MHz to 230 MHz,

e the operating mode(s) of the instrument, and any connecting devices, which produce {
sion of radio-frequency fields.

maximum disturbance conducted to the public supply of electric power shall be withi
and average voltage limits given in Table 12 at an AC power port. If the vibration

qumﬂmﬁmmﬁmﬂmain within
olerance limits given in 5.7.

omponents

ischarge of
+ 8 kV. The

radation of
instrument
nction of a

htion meter can be degraded or lost because of electrostatic discharges. The specified degradation

corruption

cticable.

cables, the
)ature of all

bsure ports
d shall not

a
ed 37 dB for-frequencies above 230 MHz and up to 1 GHz. The instrument documerﬂ}cation shall

he greatest

h the quasi-
instrument

conf

TTIS tO e HIMIT O the averdage voitage of Conaucted diSturbance wWienm using a

quasi-peak

measuring device, the human-vibration meter shall be deemed to conform to both the quasi-peak and

aver

age voltage limits.
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Table 12 — Limits for conducted disturbance to the voltage of a public supply of electric power

7.6 Imm

Exposure g
documenta
change in t
This requir
documenta

have the minimum immunity (are most sensitive) to AC power-freguency and radio-frequency field

Immunity t
of 80 A/ma
before imm
specified in

Immunity t
with the sig
signal at th
depth of 80
shall have 3

NOTE T
this docume

When an A
value shall

For meters
common-m

For meters

Frequency range Limits on voltage level of disturbance
MHz dB (re 1 uv)
Quasi-peak Average
0,15t0 0,50 66 to 56 56 to 46
0,50to 5 56 46
5to 30 60 50

NOTE 1 See CISPR 16-1-1 for characteristics of quasi-peak measuring receivers.

NOTE 2 The lower limits of voltage level apply at the transition frequencies.

NOTE 3 The voltage level limits decrease linearly with the logarithm of the
frequency in the range from 0,15 MHz to 0,50 MHz.

nnity to AC power-frequency fields and radio-frequency fields

ion) to specified AC power-frequency and radio-frequency fields shall not cause
he operating state, or change of configuration, or corruptien or loss of any stored

ion shall state the operating mode(s) of the instrument;-and any connecting devices,

b AC power-frequency fields applies to exposureéfoa uniform r.m.s. magnetic field stre
[ frequencies of 50 Hz and 60 Hz. The uniformity of the magnetic field strength is establi
ersion of the vibration meter. The orientatioof the vibration meter in the field shall be
the instrument documentation for maxinium sensitivity to AC power-frequency fields.

b radio-frequency fields applies over!the carrier frequencies range from 26 MHz to 1
nal at the carrier frequency of the radio-frequency field amplitude modulated by a sinus
e reference frequency (or frequencies) appropriate to the application of the instrument
%. When unmodulated and\in the absence of a vibration meter, the radio-frequency
uniform r.m.s. electric fie€ld)strength of 10 V/m.

he instrument documentation can state that the vibration meter conforms to the specificatio|
ht at an unmodulatedrym.s. electric field strength greater than 10 V/m.

[ power-frequéncy or radio-frequency field is applied, the change in the indicated vibr
ot exceed £10 %.

with anvAC input power port or an AC output power port, immunity to radio-frequ
bde interference applies over the frequency range from 0,15 MHz to 80 MHz.

f the complete instrument (or applicable components designated in the instruinent

any
lata.

ement applies for any operating mode consistent with adrmal operation. The instruinent

that
S.

hgth

shed
that

GHz,
pidal

toa
field

ns of

ition

ency

with cign:ﬂ or control ports where any interconnecting cable hetween any part o

[ the

system exceeds a length of 3 m, immunity to radio-frequency common-mode interference applies over

the frequen

cy range from 0,15 MHz to 80 MHz.

7.7 Ingress of water and dust

The vibration meter shall be capable of resisting ingress of water and dust. The manufacturer shall
specify the IP rating of the instrument. The instrument’s IP rating shall be suited to the planned
application (e.g. human-vibration exposure assessments in factories might require a rating of IP 65;
measurements in laboratory conditions can only require a rating of IP 42).

NOTE IP ratings for instrument enclosures are specified in IEC 60529.

24 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=4909c878c5753a17e273ea559f66984f

ISO 8041-1:2017(E)

8 Provision for use with auxiliary devices

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

The instrument documentation shall provide data on the nominal effect of optional accessories
supplied by the manufacturer of the vibration meter. The data shall apply to all relevant characteristics
of the vibration meter resulting from installation of the accessories. Optional accessories include
accelerometer mounting devices and mechanical filters. The instrument documentation shall provide
dataon the typical effect on sensitivity and frequency responses.

The
requ

instrument documentation shall state whether the vibration meter conforms to-the specifications

ired by this document when the optional accessory is installed.

If cg
the
vibr

scribe how
hlly filtered

nnections are provided for external filters, the instrument documentation shall de
fonnections shall be made and how the instrument is to be used to measure extern
htion signals.

instrument documentation shall provide details regarding the ‘connection of auxili
e vibration meter and the effects, if any, of such devices on the electrical character

hry devices
stics of the

na

as described in this clause, as practicable. All principal units comprising a complete instrunj
idenified.
10 Instrument documentation

Instfument documentation shall be supplied with each vibration meter or equivalent instj
confprms to the specifications of this document.

If th¢ instrumentconsists of several separate components, instrument documentation shall

ked, or shall
ndicate the
he complete
ber.

be marked
ent shall be

rument that

be available

for the compbination that forms the complete vibration meter. The instrument documengation shall

ibe alknecessary components as well as their mutual influence.

All instsument specifications shall be given in SI units.

The instrument documentation shall contain the information specified in Annex G, where they apply to

the instrument.

11 Testing and calibration
Three levels of performance testing are defined in this document.

a) Pattern evaluation or validation:

1) pattern evaluation (targeted at manufacturers) is a full set of tests to be performed on
samples of an instrument type. This test is used for product type testing or pattern approval
of a production series of vibration measuring instruments. The objective of this test is to

demonstrate an instrument design can meet the specifications defined in this docu

© IS0 2017 - All rights reserved
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2) validation of one-off instruments (targeted at laboratory users or research users) is a limited

set

of tests to demonstrate that an individual vibration measuring system complies with the

relevant specifications defined in this document.

b) Periodic verification (targeted at manufacturers and users) is an intermediate set of tests to be
performed

— per

iodically (e.g. prior to, or at the time of purchase, and at least every 2 years thereafter) to

verify that the performance remains within the specifications of this document, or

— following modification (e.g. use of another transducer) or repair that might affect the

nea ofrhn s At

perf

c) Insitud

arnaa a
TOT IO IICCOT CITC IS T O rIrCIre,

heck (targeted at users) is a minimum level of testing, indicating that a vibration measyring

instrument is likely to be functioning within the required performance specification.These fests

shall bd

The tests ajf
to 10. Table

carried out immediately before and after measurements are made.

(o2}

e designed to assess the performance characteristics and specifications defined in Clauges
13 shows the relationship between the specifications and associated test clauses.

26
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Table 13 — Summary of performance characteristics and test requirements

Specification Test type Test clause
e\f:ltlt::i?)n Validation | Periodic In situ
Clause Characteristic Electrical [ Mechanical (produc- (one-off in- | verifica- check
p . struments) tion
tion series)
51 General characteristics 12.5,12.6 13.6,13.7 14.5 15.2
52 Display Qf signal 125 13.6
magnitude I -
53 Etectricatoutput v 1217
34 Vibration sensitivity o 12.7 139,13.11 149 15.3
Accuracy of indication at
3.5 reference frequency under . 12.7 139
reference conditions
Frequency weightings and 1211
g . °
G frequency responses Annex H 13.11 119
3.7 Amplitude linearity . o 12.1 13.11 149
3.8 Instrument noise . 12.12 13.12
39 Signal-burst response . 1243
5[10 Overload indication . 1214 13.14
Sl11 Under-range indication . . 12.10
512 Time averaging . 12.1
5[13  |Running r.m.s. acceleration . 12.13
5[14 Reset 12.15
5[15 Timing facilities 12.18 13.15
5|16 Electrical cross-talk . 12.8 13.13
32 Combined axis outputs . 12.16
5|17 Vibration transducer . 12.9
(Anmpex E) characteristics I
5[18 Power supply 12.19
6 Mounting Annex F
7 Env1ronmenFal a.nd _ 12.20
electromagnetic criteria e
9 Prov1s_1(_)n for use with . 12.512.17
auxiliary devices R
o Instrument marking 12.4 13.5 14.6
Instrument
19 documentation 12.4 135 14.6

Compliance with the specifications of this document is achieved when there is evidence that an
instrument model complies with all the requirements specified as part of the pattern evaluation as
documented in accordance with Annex G, and an individual instrument of that model complies with
the requirements of the periodic verification. Alternatively, compliance with the requirements of the
validation of one-off instruments can be used to demonstrate compliance with the specifications of
this document for an individual one-off instrument. Successful completion of any in situ tests does not
demonstrate compliance with the specifications of this document.
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12 Pattern evaluation

12.1 General

This clause provides details of the tests necessary to demonstrate conformance of a vibration
instrument 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 labo

ratory, does not exceed the specified tolerance limits.

Uncertainties of measurement shall be determined in accordance with ISO/IEC Guide 98-3.

]

actual expanded uncertainties shall be calculated by the testing laboratory, with a coverage. fact
no less than 2.

The expang
demonstrat
laboratorie
if their actu

led uncertainties of measurement given in this clause are the maximum, permitteq
ion of conformance, under this clause, to the specifications of this do¢ument. Te{

al expanded uncertainties of measurement exceed the maximum petmitted values.

The
Or of

| for
ting

5 shall not perform tests to demonstrate conformance to the specificatians of this docuinent

No test spefified in this clause shall be omitted unless the instrument does.not possess the facility to
be tested.
Unless othdrwise specified, all tests described in this clause apply<4o €ach channel of a multi-channel
instrument
12.2 Testing requirements
Those instrjuments used for pattern evaluation that affect the uncertainty of test outputs shall fhold
valid calibrations, traceable to national 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  Cprrently, the published parts-6f1SO 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 to26°C;
— relativg humidity: 10,%’to 75 % (non-condensing).
The total distortiongd; for sinusoidal mechanical vibration test inputs shall be no greater than 5 %
The total distortion, d, for sinusoidal electrical test inputs shall be no greater than 0,1 %.
NOTE 2 Toata¥distortion d PYprpccpd asa percentage isdefined in IS0 2041 as shown bv Formula (7):
2 2
a.. —a
d=3"%° "1 .100% (7)
a4y

where

ai is the r.m.s. acceleration at the driving frequency;

awot  is the total band-limited r.m.s. acceleration (including ay).
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12.3 Submission for testing

The vibration instrument shall 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 configuration for normal use. Examples of additional items or accessories
include an accelerometer, 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 vibration instrument.

12.4 Marking of the vibration meter and information in the instrument docum

It shpll be confirmed that the instrument is marked according to the specifications.of Claus

Before conducting any tests, it shall be confirmed that the instrument documentation con
information required by Clause 10, appropriate to the facilities provided bycthe vibration m|

Afte
the ¢

I completion of all tests, the information shall be reviewed to ensure’that it is correct]
ppropriate tolerance limits.

12.3 Mandatory facilities and general requirements

A viTration meter shall be confirmed to conform to the requirements of 5.1.
n

For
over

struments with multiple measurement ranges, it'shall be confirmed that the measurs
lap conforms to the specifications of 5.7.

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

Whd
shal

re the instrument documentation specifies batteries of a particular model and type, su
be installed.

If th
dem

b instrument does not satisfy the Tequirements listed in this clause, tests shall not be p
pnstrate conformance to the performance specifications of this document.

12.6 Initial instrument preparation

Before conducting any.tests, the instrument shall be given a power supply within th
limits specified by¢the’ manufacturer. The instrument, transducer and the field vibration ¢
supplied) shall be‘visually inspected and all controls operated to ensure they are in workin

The procedure’given in the instrument documentation shall be followed to set the vibratior
of the instpument at the calibration check frequency. Any adjustments required by 5.4 and
instrument d

pntation

ains all the
eter.

and within

ment range

ch batteries

brformed to

h

operating
plibrator (if
b order.

1 sensitivity
given in the
r to display

the ¢o i

12.7 Indication at the reference frequency under reference conditions

The error in the indication of the reference acceleration value at the reference frequency (see Table 1)
shall be determined from the difference between the vibration value displayed by the instrument
and the corresponding vibration value measured by an appropriately calibrated reference vibration
transducer at the same measurement point.
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The error € of the test measurement atest is expressed as a percentage of the reference vibration
transducer measurement daref, as shown by Formula (8):

a —-a
g =—testref \ 100 % (8)
Aref
NOTE The error ¢ is a relative measure, i.e. a relative error expressed as percentage.

The reference vibration transducer shall be used to measure the value of the mechanical vibration input
generated at the reference vibration value and reference frequency, before measuring the vibration
magnitude with the vibration meter. For these measurements, the vibration meter shall be set to the

reference ny
a measurer
this duratid
frequency ¥
least ten tin

A minimum
time interv
time shall
conditions
the three m|

The arithm
limits of Tal

For each fr
electrical in
the referen
weighting,
weighted v|
tolerance li

For an inst
applied to t
be adjusted,
with the vi
indicated v

easurement range, band-limiting frequency weighting and linear time averaging and

vhole-body applications). The value of the input signal plus background noise ‘shall
nes the value of the background noise as measured by the vibration meter.

of three measurements of error of indication shall be obtained. For each measureme
hl not less than that stated in the instrument documentation for the instrument’s set
be allowed for the instrument to reach equilibrium with the ‘prevailing environmg
pefore any indication is recorded. The difference between thegreatest and the smalle
easurements shall not exceed 3 %.

etic average of the error of indication measurements shalkbe within the applicable toler
ple 2. The maximum expanded uncertainties of measurement are 2 %.

equency weighting provided, a steady sinusoidak€lectrical signal shall be applied tq
put facility at the appropriate reference frequency. With an input signal adjusted to ind
ce vibration value on the reference measurement range with band-limiting frequ
the indicated frequency-weighted vibratien values shall equal the indicated band-lin
ibration value multiplied by the apprepriate weighting factor (see Table 1) within
mits of Table 2. The maximum expanded uncertainties of measurement are 2 %.

he electrical input facility at the reference frequency. The amplitude of the input signal
to give an indication of the reference vibration value on the reference measurement r
pration meter set to band-limiting frequency weighting. With the same input signal
bration values on edch time weighting shall equal the indicated reference vibration yj

within the folerance limits of Fable 2. The maximum expanded uncertainties of measurement are 2

12.8 Ele

ical cross<talk

CI-
For instrunpents with/more than one measurement channel (e.g. triaxial measurement instrume

tests shall i

All channel

e carried out of the electrical interference between the channels.

ith

hent duration sufficient for the indicated values to stabilize (for low-frequency. tesing,
n can be as much as 30 s for hand-arm vibration, 1 min for whole-body, and 5 i for [low-

e at

nt, a
tling
ental
st of

ance

the
cate
ency
lited
the

‘'ument where time weightings are provided, a steady sinusoidal electrical signal shall be

shall

hnge
the

alue
%.

nts),

shall be set to the reference measurement range. An electrical input shall be applied to

each

channel in turn at the reference frequency; the inputs to all remaining channels shall be terminated 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 monitored during the tests.

The output

from all channels shall not exceed the requirements of 5.16.

12.9 Vibration transducer

The vibration transducer characteristics (see Annex E) of the accelerometer shall be tested according

to the relev

30

ant parts of ISO 5347 and I1SO 16063.
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12.10 Amplitude linearity and under-range indication

12.10.1Electrical tests of amplitude linearity

The electrical tests of amplitude linearity of an instrument shall be carried out with steady sinusoidal
electrical signals at the frequencies indicated in Table 14. Amplitude linearity shall be tested with the
instrument set to time-averaged measurement with a band-limiting frequency weighting.

Table 14 — Amplitude linearity test frequencies and acceleration value increments

Acceleration increment
Application Test frequencies 2 B
Hz Within 5 dB of overload and | Atall other
under-range values
Hand-arm 8; 80; 800 1 5
Whole-body 1; 4; 16; 63 1 5
Low-frequency )
whole-body 0,2;0,4 1 5
a  Nominal centre frequencies are shown. The exact one-third-octave-hand centre frequencies shdll be
used, e.g. “8 Hz” represents the band centred on 109/10 Hz ~ 7,943 Hz

Testp of amplitude linearity shall begin with signals at the réference frequency applied to the specified
electrical input facility. The input signal shall be adjusted to-display the reference vibration yalue on the
refefence measurement range.

At apy of the frequencies, the starting point for amplitude linearity tests on any measurement range
shal| be the reference vibration value multiplied;by the nominal attenuation factor introdpuced by the
meapurement 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
increments specified in Table 14 frofwthe specified lower boundary [see G.2 j)] of this mpasurement
e up to the input signal value that causes the first indication of overload. The signal shall then be
ased in increments specified in Table 14 from the signal value that caused the firsft indication
of oyerload down to the specified lower boundary. For each input signal value, the indicqtion on the

For [each test frequency~input signal value, from the specified lower boundary of the reference
urement rangecuntil the first indication of overload, amplitude linearity errors shall be within
hpplicable tolerafice limits of 5.7. The extent of the reference frequency linear operpting range
on the referencé<measurement range shall comply with the linear operating range requjrements of

wing tests on the reference measurement range, the amplitude linearity shall be tested on any
iona asy anges- al-becarriec atthe eneies—ana ts specified
in Table 14 from the starting point down to the lower boundary and up to the upper boundary specified
for each measurement range.

On each additional measurement range of the vibration instrument, the amplitude linearity errors shall
be within the applicable tolerance limits of 5.7 over the extent of the linear operating ranges specified
in the instrument documentation and until the first indications of overload. The maximum expanded
uncertainties of measurement are 2 %.

For instruments that measure time-weighted vibration values and for which the linear operating range
is greater than the indicator display range, amplitude linearity may be tested using tone bursts for
measurements of amplitude linearity at input signals above the top of the indicator display range.

© IS0 2017 - All rights reserved 31


https://standardsiso.com/api/?name=4909c878c5753a17e273ea559f66984f

ISO 8041-1:2017(E)

For vibration meters with time-averaging facilities for which the linear operating range is greater than
the indicator display range, linearity errors above the top of the display range may be measured by
using tone bursts extracted from the steady input signals. The duration of the tone bursts shall be no
less than 30 s for hand-arm vibration, 5 min for whole-body vibration (this test is not practical for low-
frequency whole-body vibration). Integration times shall be greater than the duration of the tone burst.

On each measurement range, and for each test frequency, the under-range indicator shall not indicate
when the indicated signal value is greater than, or equal to, the specified lower boundary of the
measurement range. On each measurement range and at each test frequency, the under-range indicator
shall be displayed for signal values that are 1 dB less than the specified lower boundary of the range.

12.10.2Me¢hanical tests of amplitude linearity

The mechanical tests of amplitude linearity of an instrument shall be carried out with steady)sinusgidal
mechanical|signals at the frequencies indicated in Table 14. Amplitude linearity shall be tested with the
instrument|set to time-averaged measurement with a band-limiting frequency weighting. Amplitude
linearity shpll be determined as the indication on the display device minus the vibration measurgd by
an appropriately calibrated reference vibration transducer. The vibration transducers shall be moujnted
in accordanice with the calibration procedure specified in ISO 16063-21.

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

Tests of amplitude linearity shall begin with signals at the reference frequency applied to the bafe of
the vibratign transducer. The input signal shall be adjusted to-display the reference vibration valye on
the referen¢e measurement range.

The mechanical amplitude linearity shall be tested overarange of no less than 40 dB.

On the refefence measurement range, the value of the test frequency input signal shall be increas¢d in
the incremgnts specified in Table 14 from the specified lower boundary of this measurement range up
to the inpufjsignal value that is the lowest of

— the firsf indication of overload on the test instrument,
— the makximum vibration capability of the input device, or
— the majimum of the linear vibration amplitude range of the reference transducer.

The signal ghall then be decreased in increments specified in Table 14 from that maximum signal yalue
down to thg input signalthat is the greatest of

— the sperified lower boundary of the test instrument,

— the mirjimumyvibration amplitude capability of the input device, or

—  the minimGm-ofthe linearvibration-amplitude range of the reference transducer
r o

For each input signal value, the indication on the instrument’s display device and the value measured
by the reference transducer shall be recorded.

The amplitude linearity of the laboratory reference vibration transducer shall be taken into account
when establishing the constant vibration value at different vibration amplitudes.

For each test frequency input signal value, from the specified lower boundary of the reference
measurement range until the maximum signal value specified above, amplitude linearity errors shall
be within the applicable tolerance limits of 5.7. The extent of the reference frequency linear operating
range on the reference measurement range shall comply with the linear operating range requirements
of 5.7 between the nominal vibration magnitudes specified for the upper and lower boundaries. The
maximum expanded uncertainties of measurement are 3 %.
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Following tests on the reference measurement range, the amplitude linearity shall be tested on any
additional measurement ranges. Tests shall be carried out at the frequencies and increments specified
in Table 14 from the starting point down to the lower boundary and up to the upper boundary specified
for each measurement range.

On each additional measurement range, amplitude linearity errors shall be within the applicable
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 Frequency weightings and frequency responses

12.1|1.1General

The
charn
outp
corr,
and
test

For
weig

procedure described here for assessing the frequency weighting and fregquenc
acteristics assumes that the vibration instrument does not have an electrical output. If 4
ut is available and used for the tests, preliminary tests shall be perfarmed to det
espondence between the values of frequency-weighted vibration indicated on the dif
Lhe voltages at the electrical output. No attempt shall be made to account for linearity e
pf frequency weighting.

each application (hand-arm, whole-body and low-frequency(whole-body) for which
htings are provided in the vibration instrument, one frequency weighting shall be

y response
In electrical
ermine the
play device
rrors in any

frequency
belected for

testing with both sinusoidal mechanical and electrical sigmals: Other frequency weightings shall be

teste

Whe
the

insti
infly
All 1

appl

The
freq

bd using either mechanical or electrical signals.

re possible, tests of frequency weightings andgfrequency responses shall be pe
reference measurement range. Where the testing laboratory considers that the a
ument to conform to the specifications for ffequency weighting or frequency respon
enced by the setting of the measurement rdange control, then additional tests shall be
heasurements shall be performed on measurement ranges where linearity errors arg
jcable tolerance limits given in 5.7.

tests of frequency response shall;be made in steps of not more than one-third octavg
1iency ranges specified in Table 15.

Table 15 — Test frequencies for mechanical and electrical frequency response

'formed on
bility of an
se might be
performed.
within the

b across the

tests

Test one-third-octave-band frequency range 2
Application Hz

Electrical tests Mechanical tests

Hand-arm 4to 2000 8to 2000

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

Low-frequency

0,05to 1 0,4 and 0,5

whole-body

NOTE 1

NOTE 2

a

frequencies shall be used, e.g. “8 Hz” represents the band centred on 109/10 Hz = 7,943 Hz.

The range of nominal centre frequencies is shown. The exact one-third-octave band centre

For testing the magnitude frequency response, see 12.11.2 and 12.11.3. For testin

frequency response, see Annex H.

12.11.2Mechanical tests of frequency response

The errors, €, mentioned in 12.11 are relative measures, i.e. relative errors expressed as percentages.

g the phase

The mechanical frequency response of the vibration instrument shall be determined by comparison
with unweighted acceleration measurements made by an appropriately calibrated laboratory reference
vibration transducer. The error in frequency response shall be the indication of frequency-weighted
acceleration value on the vibration instrument minus the vibration value measured by the laboratory
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reference vibration transducer when multiplied by the appropriate frequency weighting factor. The
vibration transducers shall be mounted in accordance with the calibration procedure specified in
[SO 16063-21.

At the reference frequency, the input mechanical vibration shall be adjusted such that the indication
of band-limited vibration on the instrument under test is 20 dB above the lower limit of the specified
linearity range. The band-limited acceleration value of this input signal, aj,, shall be used as a reference
input value for subsequent tests.

At each test frequency, the input signal level shall be adjusted to give the same input vibration value,
ain, as measured by the laboratory reference V1brat10n transducer The value of the 1nput V1brat10n
acceleratiorar i
defined in Table 15 for mechanlcal tests.

The frequency-response error at frequency f, £(f), expressed as a percentage, is given by Formula (9):
Ting (f) —apw (f)
ainw(f )

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

e(f): X100 % 9)

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

If a constapt 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 betweern the
vibration value measured by the laboratory reference vibratioh transducer at a test frequency and at
the referenge frequency.

The maximpim expanded uncertainties of measurementare 4,5 % for all frequencies in the appropriate
nominal frequency range.

NOTE Where separate tests are carried out.on the vibration transducer and the electrical part of the
vibration ingtrument, then the error of the freq@ency weighting, ¢, at frequency fis given by Formula (10):

e(f) =ep(f) + ee(f) (10)
where

gt is ]he error of the vibration transducer response;
ge isthe error of thé.electrical part of the instrument.

In both casgs, theexror combines the apparent error of the measured result, e, with the expanded
uncertainty of measurement, up, as shown by Formula (11):

_ 2 2
g, = \[em +us (11)
Annex F provides test information for mounting systems where these are provided with the instrument.

12.11.3Electrical tests of frequency response
Sinusoidal electrical signals shall be applied to the electrical input facility of the instrument.

At the reference frequency fref, the input electrical signal shall be adjusted such that the indication of
band-limited vibration on the instrument under test is 20 dB above the lower limit of the specified
linearity range. The indicated frequency-weighted value, ajnq, of this input signal shall be used as a
reference value for subsequent tests.
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At each test frequency, the input r.m.s. signal value uj, shall be adjusted such that the same indicated
frequency-weighted value, ajnq, is displayed. The value of the input signal and the indication of the
vibration meter shall be noted at each of the test frequencies defined in Table 15 for electrical testing.

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

oy

Uin (fref) W(fref)
tip (£) w(f)

w(f)[x100 % = ~1|x100 % (12)

€, (f): ing ~

whe

Ww(f) isthe frequency weighting factor at frequency f;

is the sensitivity, given by Formula (13):

uin (fref ) w (fref)

a

)

5 = (13)

ind

At any frequency, the r.m.s. value of the input signal plus instrument-hoise shall be at least t¢n times the

r.m.§. value of the instrument noise.

If th

sign
the
Sign

bety

The

e same indicated vibration value cannot be maintained<over the complete range of f
hl values displayed by the instrument shall be corrected, as required, for the differend
Vibration value of the input electrical signal at a test frequency and at the referencg
bl values displayed by the instrument shall alsg“be corrected, as required, for any 1
een the indication at the test frequency and the indication at the reference frequency.

maximum expanded uncertainties of measurement are 3 % for all frequencies in the

nomjinal frequency range.

12.11.4Conformance

For

prov

the

the

those frequency weightings ‘tested using the mechanical tests, the frequency weight
ided directly from the test)'i.e. € (f) in Formula (9). For frequency weightings tested
lectrical test, the overall frequency weighting error shall account for the frequency
Fibration transducerf.€);(f). Values for € ¢(f) are obtained by subtracting the error € ¢

resullt of the mechanicaltest, € (f), for the frequency weighting that has been mechanically

Forn

EXA

hula (10).

MPLE Anlinstrument provides two whole-body weightings: Wy and Wyg. Wy is select

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

diffe
to th

For

Fence between the mechanical and electrical test results for Wy. This vibration transducer resp
e electrical response for Wy to give the overall frequency response of the instrument for W.

requencies,
es between
frequency.
onlinearity

hppropriate

ing error is
only using
response of
f) from the
tested, see

ed for both
given by the
nse is added

Heagailabhla frnaianey vaonightinge tho arpars of tha avunpall Cenanmoy nackancn aoftha

instrument
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shall be within the applicable tolerance limits specified in 5.6. The maximum expanded uncertainties of
measurement are 5 % for all frequencies in the appropriate nominal frequency range.

Other optional frequency responses provided shall conform to the design goals and tolerance limits
stated in the instrument documentation.

12.12 Instrument noise

The typical value of instrument noise shall be determined from the arithmetic average of ten
measurements with the vibration transducer of the instrument fitted to a non-vibrating object that
does not add significantly to the indicated vibration value. Tests shall be carried out for both time-
averaged and time-weighted vibration. For time-averaged human vibration, the averaging time shall be
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stated and shall be at least 1 min for hand-arm vibration, 5 min for whole-body vibration, and 30 min
for low-frequency whole-body applications.

12.13 Signal-burst response

With the instrument set to the reference measurement range and the applicable band-limiting
weighting, a steady sinusoidal electrical signal at the frequency specified in Table 6 shall be applied and
the signal value adjusted to obtain an indication at 50 % of the specified upper boundary of the linear
operating range. The signal bursts specified in Table 6 shall then be applied to all available time and
frequency weightings.

The fall timfe of the saw-tooth burst wave shall be no more than 1/(5 f2), where f; is the upper lim|ting

b 3.

frequency d

High-frequg
test being a

f the band-limiting component of the appropriate frequency weighting, defined in-Tablg

ncy switching transients can be produced when generating the saw-tooth wave, To6 avoi
ffected by these, a single-pole low-pass filter can be necessary between the signal gene

] the
ator

and the ins
test results

frument under test. The cut-off frequency should be high enough to aveid‘influencing the

e.g. 100 f.

Measureme
reduced by
greater tha

nts of signal-burst response shall be repeated with the value efthe steady input signal
factors of 10 down to an input signal value that gives an indication at least three tjmes
h the specified lower boundary for the linear operating range.

Measuremse
bursts incrg

nts of single-cycle signal-burst response shall be repeatéd with the magnitude of the signal
ased until the first indication of overload.

The vibrati
amplitude
The signal-
maximum €

bn values indicated in response to the signal bursts, relative to the values of the vibration
f the input signal, shall be as specified in Table™%'8 or 9, as appropriate for the applicaftion.
purst response errors shall be within the telerance limits given in Tables 7, 8 and 9./ The
xpanded uncertainties of measurement are'3 %.

12.14 Ovdrload indication

Overload inflications shall be tested by applying positive and negative one-half-cycle sinusoidal electfrical
signals at the reference frequency and the frequencies specified in Table 14. With the instrument set to
the referen¢e measurement range, band:limited frequency weighting and with a positive one-half-¢ycle
signal, the fignal value shall be increased until the first indication of overload. The process sh:;ﬂ be
repeated wjth a negative one-half:¢ycle signal. In each case, the lowest input signal value that causes
the first indication of overloadZshall be recorded. The difference between the two input signal vdlues
at which ovierload is first indicated shall not exceed the tolerance limits given in 5.10. The maxignum

expanded uncertaintiescof measurement are 2 %.

NOTE In additiorfto the required tests at the frequencies specified in this clause, indication of overloagl can
be tested at pther frequencies at the option of the testing laboratory.

The overload 1nd1cat0r shall operate for all 1nput 51gnal values greater than the lowest 1nput 51gna1 \'

documentatlon

When time-averaged vibration values or maximum vibration values are being measured, the overload
indicator shall latch on when an overload condition occurs, as specified in 5.10. Where the vibration
meter is used to measure time-weighted vibration magnitudes, the overload indication shall be
displayed as specified in 5.10.

12.15 Reset

Where provided, it shall be confirmed that operation of the reset facility cancels the previous display
indication, and that operation of the reset facility does not give rise to spurious indications on any
display device.
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12.16 Combined axis outputs

This test ensures that multi-axis inputs are combined in accordance with the appropriate measurement
standard when the combined axis output is displayed, e.g. root-sum-of-squares vibration total value or
the total VDV.

The instrument shall be set to the reference measurement range. An electrical input signal at the
reference vibration value shall be applied to each axis in turn. The indicated value for each axis shall
be noted and used to calculate a combined axis result in accordance with the appropriate International
Standards (ISO 2631-1, ISO 2631-2, ISO 2631-4 and ISO 5349-1). The input signal shall then be applied
simultaneously to all three input channels; the indicated combined axis value shall be equal to the

calclifated result to within £ 3 %.

The [signal on one channel shall be inverted, i.e. 180° phase change. The indicated vdlue fq
signfl inversion shall not change by more than 2 %.

For whole-body vibration, the weightings used for x-, y- and z-axes and the multiplying facf
for gombining single-axis data, are dependent on the application, e.g. health), comfort or
ISO 2631-1 should be used to determine the expected outputs.

12.17 AC electrical output

An electrical signal, corresponding to the reference vibration value on the reference measursg
reference frequency, shall be applied to the instrumentand the indication recorded. A
shal] then be applied to the AC electrical output and theindication of the instrument re
diffdrence between the indicated vibration values shall not exceed the tolerance limit specifi

12.18 Timing facilities

The minimum averaging time for the measurement of time-averaged vibration values shal
to be no greater than the minimum averaging time specified in the instrument documer
maxjmum averaging time for the measurement of time-averaged vibration values shall be v

llowing the

ors, k, used
perception.

ment range
hort circuit
rorded. The
ed in 5.3.

be verified
itation. The
brified to be

not less than the maximum averaging time specified in the instrument documentation.

A m¢
The

pasurement shall be carried.out over 2 000 s and the elapsed time shall be within + 2 s |i.e. + 0,1 %.

maximum expanded uncertainties of measurement are 0,01 %.

12.19 Power supply

With
indi
supf
sped
toley

ometer, the
h the power
trument as
within the

the field vibration calibrator supplied with the vibration meter applied to the accelej
ated vibration-Signal value on the reference measurement range shall be recorded wit
ly delivering the nominal voltage and then delivering the minimum voltage to the ins
ified in-the instrument documentation. The indicated signal values shall be the samg
ance limits of 5.18.

[

NOT

The term power cnpplv includes batterieg

12.20 Environmental, electrostatic and radio-frequency tests

12.20.1General

A complete vibration measuring instrument 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.
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Before conducting, but not during, the environmental, electrostatic and radio-frequency tests,
the indication at the calibration frequency shall be checked by application of the field vibration
calibrator specified in 5.4 and adjusted, if necessary, to indicate the reference vibration value under
reference environmental conditions. The adjustment shall use the procedure given in the instrument
documentation.

The effect of environmental conditions on the magnitude produced by the field vibration calibrator,
relative to the vibration value produced under reference environmental conditions, shall be accounted
for in accordance with the procedure given in the instrument documentation.

Environmental condltlons at the time of checking the md1cat10ns shall be recorded For env1r0nmental

tests, a field
vibration mn

Time-avera

field vibrati

12.20.2Exy

The actual

temperatur

12.20.3Acc

humidity

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

in an envir

vibration meter.

For tests of]

from the fig

acclimatiza

The field vi
environme

After comp
calibrator a

12.20.4Te

Following the acclimatization procedures described in 12.20.3, the vibration value indicated in resp
to applicatipn of the*field vibration calibrator shall be recorded for the following combinations @

temperatu

under any ¢ombination of air temperature and relative humidity covered by the specifications of

eter shall be set to perform a typical measurement of frequency-weighted, Tinear\t
averaged r.in.s. vibration.

bed vibration values indicated by the vibration meter in response to the signal fron
on calibrator shall be recorded for each test condition.

anded uncertainties for measurements of environmental conditions

e and 10 % for measurements of relative humidity.

limatization requirements for tests of the influence.of\air temperature and relativ|

pbnmental chamber to test the influence of aify temperature and relative humidity on

the influence of air temperature and relative humidity, the accelerometer shall be rem
1d vibration calibrator and the power-to both instruments shall be switched off durin
Fion period.

ration calibrator and vibration instrument shall be permitted to acclimatize at the refer
tal conditions for at least/12+h.

etion of an acclimatjzation period, the accelerometer shall be fitted on the field vibr3
ind the power to bothjinstruments shall be switched on.

of the influence of air temperature and relative humidity combined

and(relative humidity. For vibration instruments where all components can be oper

1The
ime-

the

expanded uncertainty of measurement shall not exceed 0,5 °C for measurements of air

aced
the

bved
g an

ence

ition

bnse
f air
ated

7.2,

the target test conditions are as follows:

air tem
air tem
air tem

air tem

reference air temperature and reference relative humidity;

perature of -10 °C and relative humidity of 65 %);
perature of 5 °C and relative humidity of 25 %;
perature of 40 °C and relative humidity of 90 %;

perature 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.
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12.20.5Influence of surface temperature

At reference air temperature and humidity, and following acclimatization, the vibration value indicated
in response to application of a vibration signal at the reference value and reference frequency shall
be recorded for the following surface temperatures. The accelerometer on its specified mounting
device shall be mounted directly onto a surface which can be temperature controlled to + 5 °C. Use the
following surface temperatures:

— reference temperature;

— surface temperature of =10 °C;

surface temperature of 5 °C;
surface temperature of 40 °C;

surface temperature of 50 °C.

bach test condition, the deviation of the indicated vibration value from thewibration valfie indicated
pference air temperature and reference relative humidity shall be no fmore than that spegified in 7.3.

For ¢
forr]

12.20.6Influence of electrostatic discharges

The
vibr
set-y
Clau|

eration of a
b 6. The test
0-4-2:2008,

equipment required to determine the influence of electrostatic discharges on the op
htion instrument shall conform to the specifications given(in IEC 61000-4-2:2008, Claus
p and test procedure shall be in accordance with the\specifications given in IEC 6100
ses 7 and 8.

r and set to
blerometers
res that are

Elecfrostatic discharge tests shall be conducted with the vibration instrument operating
be npost susceptible to electrostatic discharge, as determined by preliminary testing. Acc
shal] be connected to all input channels. If the instrument is fitted with connection devi

not
docu
conf]

Disc

Fequired for the configuration of thexnormal mode of operation as specified in the
mentation, then no cables shall be fitted during the electrostatic discharge tests. The
iguration at the time of testing shall be recorded.

harges of electrostatic voltages shall not be made to electrical connector pins that a

instrument
instrument

Ire recessed

belop the surface of a connectoror the vibration instrument.

Elec
by ¢
metq
limit
the

prec

[rostatic discharges of .the voltages and polarities specified in 7.4 shall be applied ten times
pntact and ten tipies through the air. Discharges shall be applied to any point on the vibration
br that is considéred appropriate by the testing laboratory, see IEC 61000-4-2. The points shall be
ed to those that are accessible during normal usage. If the user requires access to ppints inside
yibration meter, those points shall be included unless the instrument documentatior] prescribes
Qutions.dgainst damage by electrostatic discharges during this access.

Card
diss

sheuld be taken to ensure that any effects of a discharge to the instrument under tg
pated before repeating the application of a discharge.

st are fully

With the vibration instrument set for the reference range, the voltage of the contact and air discharges
shall be the maximum positive and the maximum negative voltage.

After a discharge, the vibration instrument 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 uV/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
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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 vibration meter operating,
powered by its preferred supply, and set to the mode, as stated in the instrument documentation, which
produces the greatest radio-frequency emissions.

All fixtures and fittings used to maintain the position of the vibration instrument shall be designed to
have a negligible influence on the measurement of radio-frequency emissions from the instrument.

Initially, the radio-frequency emission levels shall be measured over the frequency ranges specified in
7.5 with the vibration meter in the reference orientation. The accelerometer, attached by the appropriate
cable, shall be p051t10ned centrally above the case of the instrument, at a helght of approx1mately

' Ty, Tt ' ' -of-gight
pattern with an even number of folds of equal length and with all parts secured together at each end of
the folds anld in their centre.

While mairftaining the accelerometer-cable-to-instrument-case arrangement specified in*this clquse,
the radio-frequency emission levels shall be measured in at least one other plane. The 6ther planes ghall
be approximately orthogonal to the principal plane of the reference orientation,cwithin the limits of
positioning|for the system employed to measure radio-frequency emission levels:

h

If the vib
interconneg
all available
documenta
8.2, unless 1
meter by a
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Where seve
shall be me
greatestrad
emission le
without fur

[ation meter has any connection device that permits attachment of interfac¢

tion cables, radio-frequency emission levels shall be measuréd with cables connectg

or
d to

connection devices. The lengths of the cables shall be as,récommended in the instrugent

ion. Cables shall not be terminated and shall be arrangedvas described in CISPR 22:2
he manufacturer of the vibration meter also supplies the device connected to the vibr3
cable, in which case the radio-frequency emission levels shall be measured with all it
ogether.

ral connections can be made to the same connéction device, radio-frequency emission l¢
hsured with the configuration specified inithe instrument documentation as producin
lio-frequency emission levels. Other configurations with the same, or lower, radio-frequ
Uels may be included in the instrument documentation in a list of compliant configurat
ther testing if the tested configuration fully conforms to the limits of 7.5.

For vibratipn meters that are operated from a public power supply, the disturbance to the p

power supj

ly shall be measured as described in CISPR 22:2008, Clause 9, and shall conform td

specificatiops of 7.5 and the conducted-/disturbance limits given in Table 12.

12.20.8Immunity to AC powér=frequency fields and radio-frequency fields

The instrur
immunity t

The immur
demonstrat
vibration sh

hent shall be operating while powered by the preferred supply for tests of conforman
b AC power=frequency fields and radio-frequency fields.

ity of<any vibration meter to AC power-frequency and radio-frequency fields sha
ed with a vibration transducer connected to the human-vibration meter. A mecha

008,
ition
ems

bvels
v the
ency
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iblic
the

re of
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nical

all-be applied to the vibration transducer. The vibration shall be sinusoidal vibration af the
reference flmm%ﬁmﬁ%pmmmﬁmmm—@phfd—ﬂw-bm—hilted

time-averaged vibration value of this test signal shall be as indicated in Table 16. 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 16, if more than one measurement range is provided.
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Table 16 — 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?2 m/s?
Hand-transmitted 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
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the instrument documentation and shall apply to all modes of operation of the instrument.

12.7

the applied AT power-irequency or radio-irequency field. Also the method of applying t
hl shall not interfere with normal operation of the vibration meter, or with the ‘i
eptibility to the power-frequency or radio-frequency field.

n an AC power-frequency or radio-frequency field is applied, the change in the indicatg
P shall not exceed = 10 %.

meters with an AC input power port and, if available, an AC output pewer port, immun
1iency common-mode interference shall be demonstrated over thedfrequency range fro
) MHz. The radio-frequency field shall be 80 % amplitude-modulated by a sinusoidal §
ence frequency for the measurement application. When unmodulated, the r.m.s. radi
ge shall be 10 V when emitted from a 150 () source. Immubnity to fast transients or
ly shall apply for a signal having a 2 kV peak voltagé/and a repetition frequency
irdance with IEC 61000-6-2:2005, Table 4. Additional specifications for immunity to v
ige interruptions and voltage surges shall be as described in [EC 61000-6-2:2005, Table

meters with signal or control ports, where any'interconnecting cable between any
em exceeds a length of 3 m, the specificationsiof IEC 61000-6-2:2005, Table 2, apply fd
dio-frequency common mode interference over the frequency range from 0,15 MHz to
.s. voltage of 10 V when unmodulated. Specifications for immunity to fast transients or
er-supply system shall apply for a signal having a 1 kV peak voltage and a repetition f
z in accordance with IEC 61000-6<2:2005, Table 2.

rcordance with IEC 61000-4<6, for hand-held vibration meters, an artificial hand sha
nd the instrument during-tests to demonstrate immunity to common-mode, radi
ference over the specifiedfrequency range.

instrument documentation may state that the vibration meter conforms to the specif
sure to AC power*frequency and radio-frequency fields at an indicated vibration that
shown in Tabl€ 16. In this case, the vibration meter shall conform to the applicable tole
11 vibration vatues less than the test value shown in Table 16 down to the stated lower
irement.applies to all measurement ranges for all specifications. The lower value shall

he vibration
hstrument’s

bd vibration

ty to radio-
m 0,15 MHz
ignal at the
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the power
bf 5 kHz in
oltage dips,
4.

part of the
r immunity
80 MHz for
| the public-
requency of

Il be placed
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ications for
is less than
rance limits
value. This
be stated in

1 Test report

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

The additional test information noted in IEC 61000-4-3:2006, Clause 8, shall be included. Any
degradation in performance, loss of function, or loss of data noted at the end of a series of electrostatic-
discharge, AC power-frequency field tests or radio-frequency field tests shall be reported.
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13 Validation of one-off instruments

13.1 General

A one-off vibration measurement system, also known as a “one-off instrument”, is a system for
measurement of vibration that is a combination of separate components (e.g. transducer, signal
amplifier, A/D converter, data acquisition system, frequency analyser, software). For each component,
data sheets and specifications need to be available. The whole system shall be validated according to the
specifications in this clause to demonstrate its designed functionality. One-off instruments are often
laboratory based, made up from general-purpose laboratory instrumentation. One-off instruments do

1 ot otz £ o a o i ok Crzok oo bk o A o] Lo e o Ao okl o
not lnclude TOTOTYy pCSOT IIICaSUT CIITCTIC S y S TCTIRS T cCTIiaC U TOT PT OUTCTIOTT,

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

Uncertaintips of measurement shall be determined in accordance with ISO/IEC Guide98-3. The ag¢tual
expanded uncertainties shall be calculated by the testing laboratory, with the coverage factor k = 2.

The validatjon test comprises calibration of the one-off instrument (as is generally commissioned by
the end usef of the one-off instrument) by a testing laboratory (calibrationdaboratory).

13.2 Testing requirements

Those testipg instruments used for validation testing which affeetthe uncertainty of test outputs hall
hold valid chlibrations, traceable to national standards.

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

The magnitjide of mechanical input signals shall be within *+ 3 % of the required value.

The total distortion for sinusoidal electrical testinputs shall be not greater than 0,1 %.

The total distortion for sinusoidal mechaniéal vibration test inputs shall be not greater than 5 %.
NOTE1  For electrodynamic shakers acfing below 20 Hz, the total distortion is likely to be greater than 5|%.
NOTE 2  F¢r a mathematical definition of total distortion, see Formula (7).

The enviromental conditions prevailing at the time of a test shall be within the following ranges:
— air temperature: 19,°C'to 27 °C,

— relativg humidityy< 90 % (non-condensing).

13.3 Test pbject

Test object is the one-off instrument with vibration transducer(s) forming a measurement chain for
the measurement and display of band-limited and frequency-weighted acceleration according to the
frequency weightings Wy, W, Wq, Wg, Wy, Wj, W or Wi,

NOTE The vibration transducer(s) can be a 3-axis (tri-axial) accelerometer or any 1-axis accelerometers.

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

Where a component documentation specifies batteries of a particular model and type, such batteries
shall be installed.
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13.4 Submission for testing

A vibration transducer of a type intended for use with the one-off instrument shall be supplied with the
instrument.

Vibration transducers other than that provided for testing may be used with the one-off instrument,
provided that the specification of those other vibration transducers is similar to that supplied for
testing.

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

d vibration calibrator should be supplied with the one-off instrument.

13.3 Marking of the one-off instrument and information in the instrument
docpmentation

[t shpll be confirmed that the one-off instrument is marked according to thé)specifications ¢f Clause 9.

Before conducting any tests, it shall be confirmed that the one-off instfument documentation contains
all the information required by Clause 10, appropriate to the facilities provided by the one-off
instfument.

After completion of all tests, the information shall be reviewed/to ensure that it is correct{and within

the gppropriate tolerance limits.

13.6 Mandatory facilities and general requirements
The pne-off instrument shall be confirmed to conform to the requirements of 5.1.

For ¢ne-off instruments with multiple measusement ranges, it shall be confirmed that the mpasurement
range overlap conforms to the specifications of 5.7.

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

13.7 Initial instrument preparation

The [one-off instrument, transducer and the field vibration calibrator (if supplied) shall|be visually
inspected and all controlsoperated to ensure they are in working order.

The [procedure givenin the one-off instrument documentation shall be followed to set the vibration
sengjitivity of thé<ne-off instrument at the calibration check frequency. Any adjustments required by
5.4 gnd giveninthe one-off instrument documentation shall be applied to adjust the sensifivity of the
one-pff instrument to display the correct vibration value under reference environmental conditions.

13.8 ‘Test procedure

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

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

NOTE At present, no validation test is specified for one-off instruments measuring rotational whole-body
vibration.

These test procedures comprise the mechanical test of the combination of accelerometer and instrument,
constituting a measurement chain which is set to the appropriate weighting filter(s). The validity of the
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validation test as stated on the calibration certificate is therefore limited to the application for which
testing was performed.

Where necessary, the end user can also commission testing of system configurations which differ
from the typical configurations. The objective in all cases, however, is a calibration and test only of the
measurement chain configuration which is actually used by the end user.

Each test procedure comprises mechanical calibration of the measurement chain with sinusoidal
signals of defined amplitude and frequency. These test parameters are specified in 13.10. From the
measurement results, the following is derived:

vibrati

the amplitude linearity (or any deviation) at discrete input values;
the frequency response at discrete frequencies;

instrument noise.

Additional ¢lectrical tests yield results for the following characteristics:

electridal cross talk;

overlo

)

Facilities.

timing

13.9 Indidation at the reference frequency under reference conditions

The error i the indication of the reference acceleration-zalue at the reference frequency (see Tab
shall be d¢termined from the difference betweenithe vibration value displayed by the on
instrument|and the corresponding vibration value measured by an appropriately calibrated refer]

le 1)
b-off
ence

vibration tn

The error §
transducer

NOTE T

The referenfce vibration“@ransducer shall be used to measure the value of the mechanical vibration i

generated 4§
magnitude
to the refer
with a meaj

ansducer at the same measurement poift.

of the test measurement ates{ is expressed as a percentage of the reference vibra
measurement dref, as shown by Formula (14):

a
pt_ref « 100 %

aref

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

t the referénce vibration value and reference frequency, before measuring the vibra
with thesone-off instrument. For these measurements, the one-off instrument shall b
bnce neasurement range, band-limiting frequency weighting and linear time averaging

ition

(14)

nput
ition
P set
and

urement duration sufficient for the indicated values to stabilize (for low-frequency tes

this duratio

ting,
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 one-off instrument.

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 one-off instrument documentation for the instrument’s
settling time shall be allowed for the one-off 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 %.

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 %.
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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 a one-off instrument where time weightings are provided, a steady sinusoidal electrical signal shall
be applied to the electrical input facility at the reference frequency. The amplitude of the input signal
shall be adjusted to give an indication of the reference vibration value on the reference measurement
range with the one-off instrument set to band-limiting frequency weighting. With the same input signal,
the indicated vibration values on each time weighting shall equal the indicated reference vibfation value
within the tolerance limits of Table 2. The maximum expanded uncertainties of measurement are 2 %.

13.10 Test parameters

13.10.1Vibration measurement chain for hand-arm vibration

Frequency weighting: Wh
Reference frequency: 79,58 Hz
Reference acceleration: 10,0 m/s2

Range of unweighted input rm.s. values 5 m/s? to 100\m/s2 at 79,58 Hz
for mechanical amplitude linearity test:

Unweighted input r.m.s. values: (5; 7,5:°10; 25; 50; 75; 100) m/s2
Frequency range for frequency response: _5Hzto 1 000 Hz at 10,0 m/s2

Exadt frequencies: (5,012; 6,310; 7,943; 10; 15,85; 31,62; 63,10; 79,43; 125,9;
251,2; 501,2; 794,3; 1 000) Hz

In any case it shall be ensured that the input value is at least 20 dB above the noise floor. |f necessary
the phaker acceleration may'be increased. Distortion generated by the shaker shall be [minimized.
Oveftravel of the shaker shalknot occur.

13.1/0.2Vibration meéasurement chain for whole-body vibration

Frequency weightings: Wy, We, Wa, Wi, Wk, Wi
Reference frequency: 15,915 Hz
Refejrénce acceleration: 1,00 m/s2

Range of unweighted input rm.s. values 0,1 m/s2 to 50 m/s2 at 15,915 Hz
for mechanical amplitude linearity test:

Unweighted input r.m.s. values: (0,1; 0,25; 0,5; 0,75; 1; 2,5; 5; 7,5; 10; 25; 50) m/s2
Frequency range for frequency response: 0,63 Hz to 125 Hz at 1,00 m/s2

Exact frequencies: (0,631; 1; 1,259; 1,995; 3,981; 7,943; 15,85; 31,62; 63,10;
79,43; 125,9) 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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13.10.3Vibration measurement chain low-frequency whole-body vibration

Frequency weighting: Wr
Reference frequency: 0,397 9 Hz
Reference acceleration: 0,1 m/s2

Range of unweighted input r.m.s. values 0,01 m/s2to 1 m/s2at 0,397 9 Hz
for mechanical amplitude linearity test:

Unweightedinput r.m.s. values: (0,01, 0,025; 0,05; 0,075; U,1; 0,25; 0,5; 0,75; 1) m/52
Frequency fange for frequency response: 0,1 Hz to 0,5 Hz at 0,1 m/s2
Exact frequencies: (0,1; 0,125 9; 0,199 5; 0,398 1; 0,501 2) Hz

In any caselit shall be ensured that the input value is at least 20 dB above the noisé floor. If necegsary
the shaker |acceleration may be increased. Distortion generated by the shaker shall be minimjzed.
Overtravel pf the shaker shall not occur. Some combinations of frequency and-amplitude might exreed
the displacgment capability of the shaker, which is to be documented in the testreport.

13.11 Conducting the test

Before conducting any tests, the one-off instrument shall be given:a- power supply within the operating
limits specified by the component manufacturer(s).

The complete mechanical tests are performed by three separate tests:
— adjustment of vibration sensitivity at the referenceffequency and reference acceleration;
— measurement of amplitude linearity responseat'the reference frequency;

— measurlement of frequency response withia constant input vibration magnitude (within the limits
of the testing equipment).

The transdhu)cer shall be connected in‘the best way to the mounting surface of the shaker. Care shall be
taken to avgid that the fixing attachiment affects the frequency response at high frequencies.

A system fdr calibration by comparison in accordance with ISO 16063-21 should be used. The sys$tem
shall be capjable to adjust thé-defined amplitudes which shall be constant over the measurement tiine.

The measugjements shallde performed using the complete one-off instrument which usually consigts of
a transducer (accelerometer), cable, A/D converter and acquisition system.

frequency and reference acceleration shall be determined in each channel and then adjusted.

For the We4ghting filter selected, the vibration sensitivity of the one-off instrument at the refergnce

For the measurement of amplitude linearity response at the reference frequency within one
measurement range, the amplitudes given in 13.10 shall be used. The values ay at the display shall be
documented. The linearity error which is the deviation, in %, at the values a, minus the deviation at the
reference acceleration apef shall be within the limits given in 5.7. The maximum expanded uncertainties
of measurement are 4 %.

For the measurement of frequency response with a nearly constant input vibration magnitude, the
frequencies given in 13.10 shall be used. The values ay, at the display shall be documented. The deviation
from the design goals (see Annex B) shall be within the tolerances given in Table 5. The maximum
expanded uncertainties of measurement are 4 %.
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13.12 Instrument noise

The typical value of instrument noise shall be determined from the arithmetic average of ten
measurements with the vibration transducer of the one-off instrument fitted to a non-vibrating object
that does not add significantly to the indicated vibration value. Tests shall be carried out for both time-
averaged and time-weighted vibration.

For time-averaged human vibration, the averaging time shall be stated and shall be at least 1 min
for hand-arm vibration, 5 min for whole-body vibration, and 30 min for low-frequency whole-body
applications.
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|3 Electrical cross-talk

ne-offinstruments with more than one measurement channel (e.g. triaxial measuring in
shall be carried out of the electrical interference between the channels.

hannels shall be set to the reference measurement range. An electrical inputshall be apy
nel in turn at the reference frequency; the inputs to all remaining channels shall be teq
titute impedances. The amplitude of the test signal shall be within the upper 5 dB of t}
surement range. The output of all channels shall be monitored during the tests.

putput from all channels shall not exceed the requirements of 5:16.

|4 Overload indication

load indications shall be tested by applying pesitive and negative one-half-cycle
rical signals at the reference frequency and th& frequencies specified in Table 14. W
\strument set to the reference measurement fange, band-limited frequency weighting
five one-half-cycle signal, the signal valueshiall be increased until the first indication
process shall be repeated with a negative one-half-cycle signal. In each case, the lowest
e that causes the first indication of overload shall be recorded. The difference betwg
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In addition to the required tests at the frequencies specified in this clause, indication of
sted at other frequencies atthe'option of the testing laboratory.

overload indicator shall operate for all input signal values greater than the lowest i
e that caused an ovepload indication up to the maximum input signal value specified in
ument documentation.

n time-averaged vibration values or maximum vibration values are being measured, t
ator shallylatch on when an overload condition occurs, as specified in 5.10. Where
ument:is used to measure time-weighted vibration magnitudes, the overload indicat
ayed'as specified in 5.10.
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13.15 Timing facilities

The minimum averaging time for the measurement of time-averaged vibration values shall be verified
to be no greater than the minimum averaging time specified in the one-off instrument documentation.
The maximum averaging time for the measurement of time-averaged vibration values shall be verified
to be not less than the maximum averaging time specified in the one-off instrument documentation.

A measurement shall be carried out over 2 000 s and the elapsed time shall be within + 2 s, i.e. + 0,1 %.
The maximum expanded uncertainties of measurement are 0,01 %.
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13.16 Testreport

Full details shall be given in the test report of the test configurations, test conditions and test results.
The test report shall state that the complete one-off instrument has been validated, or has not been
validated, as conforming to the specifications of this document as far as has been tested.

14 Periodic verification

14.1 General

Compliance with a specification of this document is demonstrated when the result of a measurelk:lent
of a deviatipn from a design goal, extended by the actual expanded uncertainty of measurement of the
testing labdratory, does not exceed the specified tolerance limits.

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

The verificgtion test comprises calibration of the vibration measuring instrumentation (as is genefally
commissionjed by the end user of the instrument) by a testing laboratory (calibration laboratory){ The
verification|test shall be conducted regularly.

14.2 Testing requirements

The testing| instruments used for verification tests which affect'the uncertainty of test outputs ghall
hold valid chlibrations, traceable to national standards.

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

The magnitjide 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 %.
NOTE1  For electrodynamic shakers acting below 20 Hz, the total distortion is likely to be greater than 5|%.
NOTE 2  F¢r a mathematical definition of.total distortion, see Formula (7).

The environmental conditions prevailing at the time of a test shall be within the following ranges:
— air temperature: 19 °C to.27°C;

— relativg humidity: < 90 % (non-condensing).

14.3 Test pbject

Test object|is thelvibration meter with vibration transducer(s) forming a measurement chain for the
measurement”and display of band-limited and frequency-weighted acceleration according to| the
frequency weightings Wy, We, Wy, Wr, Wy, W, Wy or Wh,.

NOTE The vibration transducer(s) can be a 3-axis (tri-axial) accelerometer or any 1-axis accelerometers.

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

Where the instrument documentation specifies batteries of a particular model and type, such batteries
shall be installed.

14.4 Submission for testing

A vibration transducer of a type recommended for use with the vibration instrument shall be supplied
with the vibration meter.
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Vibration transducers other than that provided for verification testing may be used with the vibration
instrument, provided that the specification of those other vibration transducers are similar to that

supplied for testing.

A fie

1d vibration calibrator can be supplied with the vibration instrument.

14.5 Preliminary inspection

The instrument, transducer and the field vibration calibrator (if supplied) shall be visually inspected.

This

inspection shall include inspections of the following:

All ¢

14.4

It sh

Fhe transducer, cable and instrument case: these shall show no visible signs ot physical

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

pntrols shall be operated to ensure they are in working order.

p Marking of the vibration meter and information in the insttument docum

hll be confirmed that the instrument is marked according to the'specifications of Claus

Before conducting any tests, it shall be confirmed that the instrfiment documentation con
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mation required by Clause 10, appropriate to the facilitiés provided by the vibration m

' completion of all tests, the information shall be réviewed to ensure that it is correct]
ppropriate tolerance limits.

[ Test procedure

the following three typical applications, test procedures and parameters are spec
brise only those tests of the vibration-measuring instrument which are relevant to the
erned:

vibration measurement chain for hand-arm vibration;
vibration measurement.ehain for whole-body vibration;
vibration measurement chain for low-frequency whole-body vibration.

) At present, 1o verification test is specified for vibration meters measuring rotationall
tion.

test pracedure comprises the mechanical test of the combination of transducer and
titutiig-a measurement chain which is set to the appropriate weighting filter(s). The va
ication test as stated on the calibration certificate is therefore limited to the applicatid

damage;

ns between

bntation

ains all the
eter.

and within

ified which
application

whole-body

nstrument,
lidity of the
n for which

testingwas performed.

Where necessary, the end user can also commission testing of system configurations which differ
from the typical configurations. The objective in all cases, however, is a calibration and test only of the
measurement chain configuration which is actually used by the end user.

The test procedure comprises mechanical calibration of the measurement chain with sinusoidal signals
of defined amplitude and frequency. These test parameters are specified in 14.8. From the measurement
results, 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.
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14.8 Test parameters

14.8.1 Vibration measurement chain for hand-arm vibration

Frequency weighting:

Reference frequency:

Reference acceleration:

Unweighted

input rm.s values for mechanical

Wh
79,58 Hz
10,0 m/s2

5m/s2, 10,0 m/s2, 100 m/s2 at 79,58 Hz

amplitude 1

Frequency |

nearity test:

ange for frequency response:

Exact frequencies:

In any case
the shaker
Overtravel

bf the shaker shall not occur.

10 Hz to 800 Hz at 10,0 m/s?2
(10; 15,85; 79,43; 158,5; 794,3) 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

14.8.2 Vibration measurement chain for whole-body vibration

Frequency {
Reference f
Reference a

Unweighted
amplitude 1

Frequency 1

veightings:
fequency:
cceleration:

input r.m.s. values for mechanical
nearity test:

ange for frequency response:

Exact frequgncies:

In any case
the shaker
Overtravel

NOTE T
band is + 1 ¢
frequencies {
the tolerancg

bf the shaker shall.not occur.

band still\is + 1 dB.

Wb, WC: Wdl VVj; Wkr Wm
15,915 Hz
1,00 mys?2

0,'m/s2, 1,00 m/s2, 10 m/s2 at 15,915 Hz

2 Hz to 63 Hz at 1,00 m/s2
(1,995; 7943; 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

he frequencies‘given lie in that frequency range of the weighting curves where the tolet
B (see Annex<B). For those weighting curves where the tolerance band of + 1 dB extends to |
han 2 Hzsitis desirable to extend the frequency range below 2 Hz down to those frequencies

14.8.3 Vibration measurement chain low-frequency whole-body vibration

sary
1zed.

sary
1zed.

ance
bwer
here

Frequency weighting:

Reference frequency:

Reference a

cceleration:

Unweighted input r.m.s. values for mechanical
amplitude linearity test:

Frequency range for frequency response:

Exact frequ

50

encies:

Wr

0,397 9 Hz

0,1 m/s2

0,01 m/s2,0,1 m/s2,1 m/s2 at 0,397 9 Hz

0,2 Hz to 0,4 Hz at 0,1 m/s2

(0,199 5; 0,251 2; 0,397 9) Hz
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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. Some combinations of frequency and amplitude might exceed
the displacement capability of the shaker, which is to be documented in the test report.

14.9 Conducting the test

Before conducting any tests, the instrument shall be given a power supply within the operating limits

specified by the manufacturer.
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15

complete mechanical tests are performed by three separate tests:

measurement of amplitude linearity response at the reference frequency;
measurement of frequency response with a constant input vibration magnitude.

transducer shall be connected in the best way to the mounting surface ‘of the shaker. C

stem for calibration by comparison in accordance with ISO 16063-21 should be used.

measurements shall be performed using the complete measurement chain.

the weighting filter selected, the vibration sensitivity of the vibration meter at t

the measurement of amplitude linearitysresponse at the reference frequency

mented. The linearity error which is thé deviation, in %, at the values a, minus the dev
ence acceleration aref shall be withinithe limits given in 5.7. The maximum expanded u}
pasurement are 5 %.

the measurement of frequency-response with a nearly constant input vibration mag

the design goals (see @Annex B) shall be within the tolerances given in Table 5. Th
nded uncertainties of measurement are 5 %.

|0 Test report

details shall-be given in the test report of the test configurations, test conditions and
test repord shall state that the complete instrument has been verified, or has not been|
prming o the specifications of this document as far as has been tested.

hdjustment of vibration sensitivity at the reference frequency and reference acceleratign;

n to avoid that the fixing attachment affects the frequency responseat high frequencies.

1lency and reference acceleration shall be determined in each channel and then adjustedl.

are shall be

The system

be capable to adjust the defined amplitudes which shall be €éonstant over the measurement time.

reference

within one

surement range, the amplitudes given in-14.8 shall be used. The values ay, at the display shall be

ation at the
ncertainties

rmitude, the

1encies given in 14.8 shall-beused. The values ay, at the display shall be documented. The deviation

b maximum

rest results.
verified, as

n situ checks

15.1 General

In situ checks are intended for application in the field prior to and following a measurement or series of

mea

The

surements. They act as a check of the instrument’s basic calibration and functionality.

instrument documentation shall include instructions for routine in situ checks.

© IS0 2017 - All rights reserved
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15.2 Preliminary inspection

The instrument documentation shall specify a visual inspection to confirm the physical integrity of the
instrument. This inspection shall include inspections of the following:

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

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

15.3 Vibration sensitivity (field calibration)

The instrurnent documentation shall define an in situ check of vibration sensitivity. This shalkindlude
the following.

— Aprocedure for checking the mechanical vibration sensitivity of the vibration measuringinstrument,
to be carried out at the reference vibration value on the reference measurement|rahge and af the
calibration check frequency using the specified field vibration calibrator.

For hapd-arm vibration in situ checks only, a check frequency of 159,15 Hz is permissible| the
expectéd indication value can be derived from Table B.6.

NOTE If, according to gained experience, it can be assumed that.the sensitivity of transducey and
instrument do not alter, a quantitative determination of the overall sensitivity of the vibration meter cqn be
omitted| In this case, however, a mechanical overall tapping test is mandatory to demonstrate that the sjgnal
path is yninterrupted.

— An indigation of the maximum change in vibration sensitivity likely to occur in normal use (i.g. the
expecté¢d range of adjustment to vibration sensitivity; adjustments greater than this range can be
an indi¢ation of instrument faults).

— A recojnmended procedure for recording field calibration results; this shall include details of
the datp and time of test, settings of the vibration meter and field vibration calibrator, the ipitial
sensitivity and adjustments made to the-sensitivity.
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Annex A
(normative)

Specification for field vibration calibrator

A.1_General

1:2017(E)

A figld vibration calibrator (mechanical calibrator) serves to generate a mechanical’vib
spedified characteristics. This vibration is applied to the vibration transducer for)in sit

vibration sensitivity.

|ration with

11 checks of

The ffield vibration calibrator shall have a flat coupling surface (vibration table):to which tle vibration

trangducer is mounted.

A.2| Specification

A figld vibration calibrator shall satisfy the following requirements:

Direftion of vibration vector:
Crogs-axis/transverse vibration:
Spatijial orientation:

Warm-up time:

Frequency:

Vibrption magnitude:

Load capacity, permissible mass:

normal with respect to the coupling surface.
< 10 % within a specified range of payload.
arbitraty.

the time between switching on and compliance
manufacturer’s specifications and the requiren;
specified in this document shall be < 10 s.

the calibrator shall operate at one or more of th
frequencies given in Table A.1. Other frequencig
also be provided.

see Table A.1. Other vibration magnitudes may
provided.

sufficient for the vibration transducer in questi
(including coupling devices, if appropriate) but
than 70 g which is the mass required for a verif

with the
lents

e
S may

hlso be

bn
no less
ication

using a standard vibration transducer. The minimum and

maximum load capacity shall be indicated in th

e instru-

ot pa | ot
ITICIILAUIUIT UULCTUIIICTILALIVUIL.

Total distortion:

Surface flatness:

(Tapped) mounting hole:

Magnetic scatter field (alternating)
close to the vibration transducer in any
direction:

Electromagnetic compatibility:

© IS0 2017 - All rights reserved

< 5 % within the specified range of load capacity.

nominally flat, such that measurements are not

affected by

base strain, within the allowed tolerances for distortion.

90° £ 1°

<1mT

test level 2 as specified in IEC 61000-4-3:2006.
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Degree of protection against dust and
splash water:

Temperature range:

Range of relative humidity:

1:2017(E)

documentation.
0°Cto40°C

10 % to 90 % not condensing.

dependent on application, shall be specified in instrument

The technical data supplied with the field vibration calibrator (e.g. in the form of a calibration certificate
or in the instrumentation documentation) shall list the expected readings as weighted acceleration
(all possible modes of a vibration meter) for all combinations of selectable frequencies and vibration
magnitudes of the calibrator.

Tallle A.1 — Preferred values and limits of error for the field vibration calibrater

transducer c
to perform r
at a frequen
acceleration
the measurer

Measurement type
Characteristic -
Hand-arm Whole-body Lowsfrequency
whole-body
500rad/s+0,5%|1000rad/s+0,5% | 100rad/s+0,5% 2,5 rad/s £ 0,5 %a
Frequepcy
(79,58 Hz) (159,15 Hz) (15,915 Hz) (0,397 9 Hz)

Root-meanysquare | 4 /24304 | 10m/s2+3 % 1m/s2 +3 % 0,1 m/s2 +5%

(r.m.s.) acce]eration

a  [tisrecognized that field vibration calibrators are not currently available at'sueh low frequencies, and that vibration

hlibration standards do not currently provide calibration metheds validated at this frequency. Howj
pliable measurement of low-frequency whole-body vibrationcitis desirable to perform calibration ch
y within the frequency range of the measurement. The alternative is either to perform checks at
i.e. transducer inversion providing a 2 g, change in accelerdtion) or to test at frequencies much higher
hent range: neither of these options is ideal.

ever,
ecks
tatic
than

A.3 Pattq

Patterne
upon a co
portable ca

The test me
of the field

produced by the calibrator. The-field vibration calibrator shall be confirmed to produce a vibra

signal at th
uncertainti

Vﬂ;}lation and verification of the field ¥ibration calibrator shall be demonstrated by tests b

brn evaluation and verification test

arison with a reference vibration' transducer, within the scope of ISO 16063-21, covg
ibrators intended for field use.

thod uses comparison witha reference transducer mounted directly to the coupling suj
vibration calibrator, The procedure is to measure the r.m.s. acceleration and frequ

e frequency and-amplitude given in Table A.1 for the relevant application. The expai
s of measurement shall be calculated in accordance with of ISO 16063-21:2003, Annex

hsed
ring

face
ency
ition
nded
A.
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Annex B
(informative)

Frequency weightings

The values for the frequency weightings and tolerances given in Tables B.1 to B.9, and shown in
Figures B.1 to B.18 as an informative illustration, were calculated from the design goals defined by

Tables 3 to 5, and Formulae (1) to (5).

The [ frequency-weighting values given in the tables are based on true one-third-oc
freqpencies, f;, given by Formula (B.1):

. (n)=10"1 Hz

where n is the frequency band number according to IEC 61260-1.

The [centre frequencies are as defined in IEC 61260-1 using base-10.filter calculation of th
octalve centre frequency.

[ave centre

(B.1)

b one-third-

The [nominal centre frequencies given are often used to describe individual bands but, when applying

freqpiency weighting factors to one-third-octave-band data, the weighting factors for the a
freqpencies should always be used.

NOTE1 Some measurement standards have tabulated frequency weightings based on the no
freqiiencies. In this document, however, the frequency weightings are based on the actual centre
this ¢an result in some weighting factors being different from those in measurement standards.

The |weighting filters tabulated in thistannex are the overall frequency weightings

rtual centre

minal centre
frequencies;

|defined by

Forrhula (5)], i.e. the tabulated weightiiigs include band limiting. The tolerances given agply to both

band-limiting and weighting filters.

NOTE 2  Forinformation in thisTannex, the values of weighting factors, phases and exact centre frdquencies are
presé¢nted to four significant figures and the decibel weighting levels are presented to two decimdl places. The

precjsion of these tabulatedvalues does not indicate the accuracy required in instrumentation.

NOTE3 Due to their.different definitions, the one-third-octave mid-band frequencies used in Tables B.1 to
B.9 fpr presentation(of the weighting curves do not exactly coincide with the calibration referencq frequencies

according to TablelZ:

NOTE4  Atthose one-third-octave mid-band frequencies where in the graphical representations
chanfges, thattolerance value applies that is given in the corresponding table.

he tolerance

© IS0 2017 - All rights reserved
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Table B.1 — Frequency weighting Wy, for vertical whole-body vibration, z-axis, seated, standing
or recumbent person, based on ISO 2631-4

Frequency
Hy Band-limiting Weighting Wy, Tolerance
n
Nﬁ:;i_ True | Factor | dB dlzgizgs Factor dB dlzgizgs % dB deAgl?eOes
-10 0,1 0,1 (0,06238| -24,10 | 159,3 |0,02494|-32,06 | 160 | +26/-100 | +2/-c0 | +00/~00
-9 | 0,125 | 0,1259 |0,09857| -20,12 | 153,6 |0,03941 | -28,09 | 154,5 | +26/-100 | +2/-c0 | +00/-00
-8 | 016| | 0,1585 | 0,1551 | -16,19 | 146,3 |0,06198 | -24,15 | 1474 | +26/-100 | +2/-0co0 | #oof~00
-7 0,2 0,1995 | 0,2415 | -12,34 | 136,6 |0,09645|-20,31 | 138,1 | +26/-100 | +2/-06, +oof—co
-6 | 0,25 [0,2512|0,3669| -8,71 1241 0,146 4 | -16,69 | 126 | +26/-100 | +2/~0 | +00f-0
-5 0313 | 0,3162 | 0,53 -5,51 108,3 | 0,2113 | -13,50 | 110,7 | +26/-21 [™N2/-2 |+12)-12
-4 0,4 0,3981 | 0,703 7 | -3,05 90,06 0,28 -11,06 | 93,14 | +26/-21)| +2/-2 |+12(-12
-3 0,5 0,5012 |0,8434 | -1,48 71,76 | 0,3347 | -9,51 | 75,73 | +26/521 | +2/-2 |+12(-12
-2 | 0,63 0,631 | 09279 | -0,65 55,78 | 0,3666 | -8,72 | 60,94 |¥12/-11 | +1/-1 | +6[-6
-1 0,8 0,7943 |1 09693 | -0,27 | 43,01 | 0,3808 | -8,39 | 49,84 (}*+12/-11 | +1/-1 | +6/-6
0 1 1 09874 | -0,11 33,15 | 0,3853 | -8,29 | 4242 | +12/-11 | +1/-1 | +6[/-6
1 1,25 1,259 | 09949 | -0,04 | 25,54 | 0,3864 | -8,26 |“38,51 | +12/-11 | +1/-1 | +6/-6
2 1,6 1,585 0998 | -0,02 19,58 | 0,3916 | -8,14} 38,27 | +12/-11 | +1/-1 | +6)-6
3 2 1,995 09992 | -0,01 14,84 | 04168 | -760 | 41,76 | +12/-11 | +1/-1 | +6)-6
4 2,5 2,512 |1 09997 | 0,00 10,97 0,496 -=6,09 | 46,57 | +12/-11 | +1/-1 | +6{-6
5 3,15 3,162 {09999 | 0,00 7,74 0,6653°| -3,54 | 45,79 | +12/-11 | +1/-1 | +6{-6
6 4 3981 09999 | 0,00 4,941 0,885 -1,06 | 34,64 | +12/-11 | +1/-1 | +6{-6
7 5 5,012 1 0,00 2,416 1,026 0,22 17,75 | +12/-11 | +1/-1 | +6f-6
8 6,3 6,31 1 0,00 | 0,024%4 1,054 0,46 1,77 +12/-11 | +1/-1 | +6)-6
9 8 7,943 1 0,00 | -2,366 1,026 0,23 | 1194 | +12/-11 | +1/-1 | +6/-6
10 10 10 09999 | 0,004+4,887 | 09745 | -0,22 | -24,56 | +12/-11 | +1/-1 | +6)-6
11 | 12,5 12,59 |0,9999 | 0400 -7,679 | 09042 | -0,87 | -371 | +12/-11 | +1/-1 | +6/-6
12 16 15,85 | 0,9997 [( 0,00 -10,9 0,8144 | -1,78 | -4993 | +12/-11 | +1/-1 | +6/-6
13 20 1995 | 0999-2.+-0,01 | -14,75 | 0,7088 | -2,99 | -62,89 | +12/-11 | +1/-1 | +6/-6
14 25 25,12 0998 | -0,02 | -1947 | 0,5973 | -4,48 | -75,75 | +12/-11 | +1/-1 | +6{-6
15 | 31,5 31,62 0,995 | -0,04 | -254 | 04906 | -6,18 | -88,55 | +12/-11 | +1/-1 | +6)-6
16 40 39,81\ 09877 | -0,11 | -32,97 0,395 -8,07 | -101,7 | +12/-11 | +1/-1 | +6/-6
17 50 5012 | 09699 | -0,27 | -42,78 | 0,3118 | -10,12 | -116 | +12/-11 | +1/-1 | +6/-6
18 63 63,1 |09291| -0,64 | -5549 | 0,2389 | -12,44 | -132,2 | +12/-11 | +1/-1 | +6/-6
19 80 7943 08457 | -1,46 | -71,41 | 0,173 4 | -15,22 | -150,9 | +26/-21 | +2/-2 |+12/-12
20 100 100 0,7071 | -3,01 | -89,68 | 0,1154 | -18,75 | -171,3 | +26/-21 | +2/-2 |+12/-12
21 125 1259 |0,5336 | -546 | -1079 |0,06929 | -23,19 | -191,3 | +26/-21 | +2/-2 |+12/-12
22 160 158,5 | 0,3699 | -8,64 | -123,8 | 0,038 18 | -28,36 | -208,5 | +26/-100 | +2/-00 | +00/-0c0
23 200 199,5 |0,2436 | -12,27 | -136,4 | 0,01999 | -3398 | -222,2 | +26/-100 | +2/-00 | +00/~00
24 250 251,2 | 0,1565 | -16,11 | -146,1 | 0,0102 | -39,82 | -232,8 | +26/-100 | +2/-00 | +00/-00
25 315 316,2 | 0,0995 | -20,04 | -153,5 |0,005154| -45,76 | -240,8 | +26/-100 | +2/-0c0 | +o0/~00
26 400 398,1 |0,06297| -24,02 | -159,2 |0,002591| -51,73 | -2471 | +26/-100 | +2/-00 | +00/-00
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Figure B.1 — Magnitude of frequency weighting I/}, for vertical whole-body vibratign, z-axis,
seated, standing or recumbiént person, based on ISO 2631-4
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Figure B.2 — Phase of frequency weighting I/}, for vertical whole-body vibration, z-axis, seated,
standing or recumbent person, based on ISO 2631-4
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Table B.2 — Frequency weighting I/ for horizontal whole-body vibration, x-axis, seat back,
seated person, based on ISO 2631-1

Frequency
Hy Band-limiting Weighting W, Tolerance

n
Ng:;i_ True | Factor | dB dig?:gs Factor dB dzgizgs % dB deAgl(‘/:sOes
-10 0,1 0,1 10,06238| -24,10 | 159,3 |0,06238| -24,10 | 158,8 | +26/-100 | +2/-00 | +00/-00
-9 | 0,125 | 0,1259 |0,09857| -20,12 | 153,6 |0,09858| -20,12 | 153,1 | +26/-100 | +2/-00 | +00/-00
-8 | 0116 |01585|0,1551 | -16,19 | 146,3 | 0,1551 | -16,19 | 145,6 | +26/-100 | +2/-00 | #po}-0c0
-7 0,2 0,1995 | 0,2415 | -12,34 | 136,6 | 0,2415 | -12,34 | 1358 | +26/-100 | +2/-06™} +oof—c0
-6 | 0,25 |0,2512|0,3669 | -8,71 1241 | 0,3669 | -8,71 123 +26/-100 | +2/~98 | +oof—00
-5 (0314 {03162 | 0,53 -5,51 108,3 | 0,5302 | -5,51 107 +26/-21 |N2/-2 |+12)-12
-4 0,4 0,3981|0,7037 | -3,05 | 90,06 | 0,7042 | -3,05 | 88,38 | +26/-21)| +2/-2 |+12)-12
-3 0,5 0,5012|0,8434 | -1,48 71,76 | 0,8442 | -1,47 | 69,65 | +26/<21 | +2/-2 |+12f-12
-2 | 0,63 0,631 | 09279 | -0,65 55,78 | 09292 | -0,64 | 53,11 |~¥12/-11 | +1/-1 | +6f-6
-1 0,8 0,7943 109693 | -0,27 | 43,01 | 09716 | -0,25 | 39,64 (})*+12/-11 | +1/-1 | +6/-6
0 1 1 09874 | -0,11 33,15 0,991 -0,08 | 2888 | +12/-11 | +1/-1 | +6)-6
1 1,25 1,259 | 09949 | -0,04 | 25,54 1 0,00 20,11 | +12/-11 | +1/-1 | +6)-6
2 1,6 1,585 0998 | -0,02 19,58 1,006 0,06 12,66 | +12/-11 | +1/-1 | +6{-6
3 2 1,995 09992 | -0,01 14,84 1,012 010 5957 | +#12/-11 | +1/-1 | +6{-6
4 2,5 2,512 | 09997 | 0,00 10,97 1,017 0,15 |-0,5318| +12/-11 | +1/-1 | +6)-6
5 3,15 3,162 [ 09999 | 0,00 7,74 1,023 0,19 | -7,327 | +12/-11 | +1/-1 | +6{-6
6 4 3981 (09999 | 0,00 4,941 1,024 0,21 -15 +12/-11 | +1/-1 | +6{-6
7 5 5,012 1 0,00 2,416 1,013 0,11 -24,1 | +12/-11 | +1/-1 | +6{-6
8 6,3 6,31 1 0,00 | 0,0244-| 09739 | -0,23 | -34,91 | +12/-11 | +1/-1 | +6{-6
9 8 7943 1 0,00 | -2,366 | 0,8941 | -097 | -47,06 | +12/-11 | +1/-1 | +6{-6
10 10 10 09999 | 0,00-4+4,887 | 0,7762 | -2,20 | -59,37 | +12/-11 | +1/-1 | +6/-6
11 12,5 12,59 | 09999 | 0,00 -7,679 | 0,6425 | -3,84 | -70,7 | +12/-11 | +1/-1 | +6)-6
12 16 15,85 | 0,9997 |( 0,00 -10,9 0,5166 | -574 | -80,61 | +12/-11 | +1/-1 | +6{-6
13 20 19,95 | 0,999-2.+¥-0,01 | -14,75 | 0,4098 | -775 | -89,43 | +12/-11 | +1/-1 | +6{/-6
14 25 25,12 0998 | -0,02 | -19,47 | 0,3236 | -9,80 | -97,78 | +12/-11 | +1/-1 | +6)-6
15 | 31,5 31,62 0995 | -0,04 | -254 | 0,2549 | -11,87 | -106,4 | +12/-11 | +1/-1 | +6)-6
16 40 39,81\ 09877 | -0,11 | -32,97 | 0,2002 | -1397 | -1159 | +12/-11 | +1/-1 | +6{/-6
17 50 5072 | 09699 | -0,27 | -42,78 | 0,1557 | -16,15 | -127,3 | +12/-11 | +1/-1 | +6/-6
18 63 63,1 |09291| -0,64 | -5549 | 0,1182 | -18,55 | -141,2 | +12/-11 | +1/-1 | +6/-6
19 80 7943 (08457 | -1,46 | -71,41 |0,08538| -21,37 | -158 +26/-21 | +2/-2 |+12/-12
20 100 100 0,7071 | -3,01 | -89,68 | 0,056 65| -24,94 | -177 +26/-21 | +2/-2 |+12/-12
21 125 1259 |0,5336 | -546 | -1079 |0,03394 | -29,39 | -195,8 | +26/-21 | +2/-2 |+12/-12
22 160 158,5 [ 0,3699 | -8,64 | -123,8 | 0,018 68 | -34,57 | -212,1 | +26/-100 | +2/-00 | +00/-0c0
23 200 199,5 |0,2436 | -12,27 | -136,4 |0,009772| -40,20 | -225,1 | +26/-100 | +2/-0c0 | +00/~00
24 250 251,2 | 0,1565 | -16,11 | -146,1 |0,004987| -46,04 | -235 | +26/-100 | +2/-00 | +00/-00
25 315 316,2 |0,0995 | -20,04 | -153,5 [0,002518| -51,98 | -242,6 | +26/-100 | +2/-00 | +00/-00
26 400 398,1 |0,06297| -24,02 | -159,2 |0,001266| -5795 | -248,5 | +26/-100 | +2/-0c0 | +0co/-00
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Table B.3 — Frequency weighting /4 for horizontal whole-body vibration, x- or y-axis, seated,
standing or recumbent person, based on ISO 2631-1

Frequency
Hy Band-limiting Weighting, Wy Tolerance

n
Ng:}i- True | Factor | dB dig?:gs Factor dB digizgs % dB deAg;peoes
-10| 01 0,1 |0,06238| -24,10 | 159,3 0,062 42 | -24,09| 1576 | +26/-100 | +2/-0c0 | +00/-0c0
-9 | 0,125 |0,1259|0,09857| -20,12 | 153,6 0,098 67 | -20,12 | 151,5 | +26/-100 | +2/-c0 | +00/-c0
-8 | 016 [0,1585| 0,1551 | -16,19 | 146,3 0,1553 | -16,18 | 143,6 | +26/-100 | +2/-c0 | #oof -0
-7 0,2] 10,1995/ 0,2415 | -12,34 | 136,6 0,242 -12,32 | 133,2 | +26/-100 | +2/-06™} +oof —c0
-6 | 0,25 {0,2512|0,3669 | -8,71 1241 0,3682 | -8,68 | 119,8 | +26/-100 | +2/~93 | +cof-0
-5 10314 [0,3162| 0,53 -5,51 108,3 0,533 -5,47 | 102,8 | +26/-21 |™~2/-2 |+12)-12
-4 04| 103981|0,7037 | -3,05 | 90,06 0,709 7 -298 | 83,11 | +26/-21)| +2/-2 |+12)-12
-3 0,5 10,5012|0,8434| -1,48 71,76 0,854 -1,37 | 62,84 | +26/521 | +2/-2 |+12-12
-2 | 063] | 0,631 | 09279 | -0,65 55,78 09443 | -0,50 | 44,21 |~¥12/-11 | +1/-1 | +6/-6
-1 0,8]10,7943| 09693 | -0,27 | 43,01 09914 | -0,08 | 27,86} +12/-11 | +1/-1 | +6/-6
0 1 1 09874 | -0,11 33,15 1,011 0,10 | 13,09 | +12/-11 | +1/-1 | +6)-6
1 1,25 1,259 | 0,9949 | -0,04 | 25,54 1,007 0,06 [\=1,131 | +12/-11 | +1/-1 | +6/-6
2 1,6 1,585 | 0,998 | -0,02 19,58 09707 -026y1{ -15,55 | +12/-11 | +1/-1 | +6)-6
3 2 1,995 [ 09992 | -0,01 14,84 0,891 3 2,00 | -30,06 | +12/-11 | +1/-1 | +6)-6
4 2,5 2,512 | 09997 | 0,00 10,97 0,773 3 =2,23 | -43,71 | +12/-11 | +1/-1 | +6)/-6
5 3,15 3,162 | 09999 | 0,00 7,74 0,6398" | -3,88 | -55,44 | +12/-11 | +1/-1 | +6{-6
6 4 3981 | 09999 | 0,00 4,941 0,514 3 -578 | -64,89 | +12/-11 | +1/-1 | +6)/-6
7 5 5,012 1 0,00 2,416 0,408 1 -7,78 | -72,34 | +12/-11 | +1/-1 | +6)-6
8 6,3 6,31 1 0,00 | 0,0244 0,3226 | -9,83 | -78,34 | +12/-11 | +1/-1 | +6-6
9 8 7,943 1 0,00 | -2,366 0,255 -11,87 | -83,39 | +12/-11 | +1/-1 | +6{-6
10 10 10 09999 | 0,00 ,]%=4,887 0,2017 |-1391| -879 | +12/-11 | +1/-1 | +6)-6
11 | 12,5 | 12,59 | 09999 | 0,00 -7,679 0,1597 | -1593| -92,2 | +12/-11 | +1/-1 | +6/-6
12 16 15,85 | 0,999 7 | (0,00 -10,9 0,126 6 | -1795 | -96,59 | +12/-11 | +1/-1 | +6{-6
13 20 19,95 | 0,999,2\~=0,01 | -14,75 0,1004 | -1997 | -101,3 | +12/-11 | +1/-1 | +6/-6
14 25 2512 | 0998 | -0,02 | -19,47 | 0,07958 | -2198| -106,8 | +12/-11 | +1/-1 | +6{-6
15 | 31,5 31,62 |0995 | -0,04 | -254 0,06299 | -24,01| -113,3 | +12/-11 | +1/-1 | +6{-6
16 40 39,81,\/09877 | -0,11 | -3297 | 0,04965 |-26,08 | -121,3 | +12/-11 | +1/-1 | +6)-6
17 50 5012 | 09699 | -0,27 | -42,78 | 0,03872 |-28,24| -131,4 | +12/-11 | +1/-1 | +6{-6
18 63 63,1 |09291| -0,64 | -55,49 | 0,02946 |-30,62 | -144,4 | +12/-11 | +1/-1 | +6)/-6
19 80 7943 10,8457 | -1,46 | -71,41 0,0213 | -33,43 | -160,6 | +26/-21 | +2/-2 |+12/-12
20 100 100 |0,7071 | -3,01 | -89,68 | 0,01414 |-3699| -179 | +26/-21 | +2/-2 |+12/-12
21 125 1259 | 0,5336 | -546 | -1079 | 0,008478 | -41,43 | -1974 | +26/-21 | +2/-2 |+12/-12
22 160 158,5 | 0,3699 | -8,64 | -123,8 | 0,004 668 | -46,62 | -213,4 | +26/-100 | +2/-c0 | +00/-00
23 200 199,5 | 0,243 6 | -12,27 | -136,4 | 0,002 442 | -52,24 | -226,1 | +26/-100 | +2/-00 | +00/-00
24 250 251,2 | 0,1565 | -16,11 | -146,1 | 0,001 246 | -58,09 | -235,8 | +26/-100 | +2/-00 | +00/-00
25 315 316,2 | 0,0995 | -20,04 | -153,5 |0,000629 3| -64,02 | -243,3 | +26/-100 | +2/-00 | +00/-00
26 | 400 398,1 [0,06297| -24,02 | -159,2 |0,0003164| -70,00 | -249 | +26/-100 | +2/-c0 | +00/-00
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Figure B.5 — Magnitude of frequency weighting /4 for horizontal whole-body vibration, x- or
y-axis, seated, standing or recimbent person, based on ISO 2631-1
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Figure B.6 — Phase of frequency weighting W/ for horizontal whole-body vibration, x- or y-axis
seated, standing or recumbent person, based on ISO 2631-1
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Table B.4 — Frequency weighting I/, for rotational whole-body vibration, all directions, seated
person, based on ISO 2631-1

Frequency
Hy Band-limiting Weighting, W, Tolerance
n
Ng:}i- True | Factor | dB dig?:gs Factor dB digizgs % dB deAg;peoes
-10| 01 0,1 |0,06238| -24,10 | 159,3 0,06252 | -24,08| 1559 | +26/-100 | +2/-c0 | +00/-0c0
-9 | 0,125 |0,1259|0,09857| -20,12 | 153,6 0,09893 | -20,09 | 149,3 | +26/-100 | +2/-co0 | +00/-c0
-8 | 016 [0,1585| 0,1551 | -16,19 | 146,3 0,156 -16,14 | 140,8 | +26/-100 | +2/-0c0 | #oof/—c0
-7 0,2] 10,1995/ 0,2415 | -12,34 | 136,6 0,2435 | -12,27 | 129,7 | +26/-100 | +2/-06{ +oof -0
-6 | 0,25 {0,2512|0,3669 | -8,71 1241 0,3715 | -8,60 | 1151 | +26/-100 | +2/~90 | +oof-c0
-5 0,313 (0,3162| 0,53 -5,51 108,3 0,5394 | -536 | 96,68 | +26/-21 ,|N2/-2 |+12)-12
-4 04| 103981|0,7037 | -3,05 | 90,06 0,719 8 -2,86 | 74,87 | +26/-21)| +2/-2 |+12)-12
-3 0,5 10,5012|0,8434| -1,48 71,76 0,8635 -1,27 | 51,65 | +26/521 | +2/-2 |+12-12
-2 | 063] | 0,631 | 09279 | -0,65 55,78 09389 -0,55 | 29,04 |~¥12/-11 | +1/-1 | +6)-6
-1 0,8]10,7943| 09693 | -0,27 | 43,01 0942 3 -0,52 | 7,786} +12/-11 | +1/-1 | +6)/-6
0 1 1 09874 | -0,11 33,15 0,879 8 -1,11 | -85 | +12/-11 | +1/-1 | +6/-6
1 1,25 1,259 | 0,9949 | -0,04 | 25,54 0,768 3 2,29 [\¢29,24 | +12/-11 | +1/-1 | +6/-6
2 1,6 1,585 | 0,998 | -0,02 19,58 0,637 2 -301yY\ -43,67 | +12/-11 | +1/-1 | +6{-6
3 2 1,995 [ 09992 | -0,01 14,84 0,5127 | 5,80 | -55,05| +12/-11 | +1/-1 | +6{-6
4 2,5 2,512 | 09997 | 0,00 10,97 0,407 -7,81 | -63,83 | +12/-11 | +1/-1 | +6/-6
5 3,15 3,162 | 09999 | 0,00 7,74 0,3218" | -9,85 | -70,66 | +12/-11 | +1/-1 | +6{-6
6 4 3981 | 09999 | 0,00 4,941 0,2543 |-11,89 | -76,11 | +12/-11 | +1/-1 | +6)-6
7 5 5,012 1 0,00 2,416 0,2012 | -1393|-80,61 | +12/-11 | +1/-1 | +6{-6
8 6,3 6,31 1 0,00 | 0,0244 0,1594 | -1595|-84,51 | +12/-11 | +1/-1 | +6/-6
9 8 7,943 1 0,00 | -2,366 0,126 3 | -1797 | -88,06 | +12/-11 | +1/-1 | +6-6
10 10 10 09999 | 0,00 ,]%=4,887 0,1002 | -1998 | -91,49 | +12/-11 | +1/-1 | +6/-6
11 | 12,5 | 12,59 | 09999 | 0,00 -7,679 | 0,07954 | -21,99|-94,99 | +12/-11 | +1/-1 | +6{-6
12 16 15,85 | 0,999 7 | (0,00 -10,9 0,06314 | -2399|-98,77 | +12/-11 | +1/-1 | +6{-6
13 20 19,95 | 0,999,2\~=0,01 | -14,75 | 0,05011 |-26,00 | -103,1 | +12/-11 | +1/-1 | +6)-6
14 25 2512 | 0998 | -0,02 | -19,47 | 0,03975 |-28,01| -108,1 | +12/-11 | +1/-1 | +6{/-6
15 | 31,5 31,62 |0995 | -0,04 | -254 0,03147 |-30,04| -114,3 | +12/-11 | +1/-1 | +6/-6
16 40 39,81\/09877 | -0,11 | -3297 | 0,02481 |-32,11 | -122,1 | +12/-11 | +1/-1 | +6)-6
17 50 5042 | 09699 | -0,27 | -42,78 | 0,01935 |-34,26| -132,1 | +12/-11 | +1/-1 | +6{-6
18 63 63,1 |09291| -0,64 | -5549 | 0,01473 |-36,64| -145 | +12/-11 | +1/-1 | +6)-6
19 80 7943 10,8457 | -1,46 | -71,41 | 0,01065 |-39,46 | -161 | +26/-21 | +2/-2 |+12/-12
20 100 100 |0,7071 | -3,01 | -89,68 | 0,007 071 | -43,01 | -179,3 | +26/-21 | +2/-2 |+12/-12
21 125 1259 | 0,5336 | =546 | -1079 | 0,004 239 | -47,46 | -197,7 | +26/-21 | +2/-2 |+12/-12
22 160 158,5 | 0,3699 | -8,64 | -123,8 | 0,002334 | -52,64 | -213,6 | +26/-100 | +2/-c0 | +00/-00
23 200 199,5 | 0,243 6 | -12,27 | -136,4 |0,001221 | -58,27 | -226,2 | +26/-100 | +2/-00 | +00/-00
24 250 251,2 | 0,1565 | -16,11 | -146,1 |0,000623 2| -64,11| -236 | +26/-100 | +2/-00 | +00/-00
25 315 316,2 | 0,0995 | -20,04 | -153,5 |0,000314 7| -70,04 | -243,4 | +26/-100 | +2/-c0 | +00/-00
26 | 400 398,1 [0,06297| -24,02 | -159,2 |0,000 1582 -76,02 | -249,1 | +26/-100 | +2/-c0 | +00/-00
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Table B.5 — Frequency weighting W for vertical whole-body vibration, z-axis motion sickness,
seated or standing person, based on ISO 2631-1

Frequency
H Band-limiting Weighting, Wt Tolerance
zZ
n
. Ag
Nomi- | e | Factor dB Phase | b tor dB Phase % dB de”
nal degrees degrees

-17 | 0,02 |0,01995|0,06208| -24,14 | 156,8 | 0,02407 |-32,37 | 1609 | +26/-100 | +2/-c0 | +00/-00
-16 | 0,023 10,0251270,098 11 -20,17 [ 150,5 | 0,03803 [-28,40] 156,2 [ +26/-100 [ +2/-00 [ 00}/-c0
-151] 0,031p [0,03162| 0,1544 | -16,23 | 142,4 | 0,06021 | -24,41| 150,6 | +26/-100 | +2/-00 | *00f—00
-14 | 0,04| |0,03981|0,2404 | -12,38 | 131,8 | 0,09619 |-20,34| 143,7 | +26/-100 | +2/=09 | +oof/-00
-13| 0,05 [0,05012|0,3653 | -8,75 118 0,1575 | -16,06 | 134,8 |++26/-100|+2/-c0 | +0of/—c0
-12| 0,063 | 0,0631|0,5282 | -5,54 100,6 0,2675 | -11,45| 1214 | +26/-2d\ +2/-2 |+12)-12
-11| 0,08 (0,07943| 0,702 | -3,07 | 80,31 04537 | -6,86 | 99,53 +26/-21 | +2/-2 |+12)-12
-10 0,1 0,1 0,842 | -1,49 59,38 0,6951 | -3,16 | 68,36 | _4267/-21 | +2/-2 |+12)-12
-9 0,124 |0,1259 | 09265 | -0,66 | 40,04 09 -0,92 | 32,06 -p +12/-11 | +1/-1 | +6)/-6
-8 0,16/ | 0,1585 (09671 | -0,29 | 22,97 1,004 0,04 | -5596 | +12/-11 | +1/-1 | +6/-6
-7 0,2 0,1995 (09824 | -0,15 7,579 09928 | -0,06 |&A4461 | +12/-11 | +1/-1 | +6{/-6
-6 | 0,25 |0,2512|09826| -0,15 | -7217 | 0,8501 | -1,414-85,43 | +12/-11 | +1/-1 | +6)/-6
-5 0313 | 03162 |09677 | -0,29 | -22,58 | 0,6149 | -4,22 | -125,5 | +12/-11 | +1/-1 | +6)/-6
-4 0,4 0,3981 | 09279 | -0,65 -39,6 0,3884 [%28,22 | -162,1 | +12/-11 | +1/-1 | +6)/-6
-3 0,5 05012108447 | -1,47 | -58,89 | 0,222, 5~]-13,05| -195,6 | +26/-21 | +2/-2 |+12)-12
-2 0,63 0,631 |0,7059 | -3,02 | -79,79 | 0,1157 |-18,73 | -226,8 | +26/-21 | +2/-2 |+12)-12
-1 0,8 0,7943 | 0,5324 | -547 | -100,1 | 0,054 34 | -25,30 | -254,6 | +26/-21 | +2/-2 |+12)-12
0 1 1 0,3689 | -8,66 | -1176(}0,023 52 | -32,57 | -277,7 | +26/-100 | +2/-00 | +0cof/~00
1 1,25 1,259 |0,2429 | -12,29 | -131/5 |0,009 705|-40,26 | -295,8 | +26/-100 | +2/-c0 | +oof/~0c0
2 1,6 1,585 | 0,1561 | -16,13.\=142,2 |0,003916|-48,14 | -309,8 | +26/-100 | +2/-c0 | +oof/—0c0
3 2 1,995 | 0,099 2| -20,0Z4 -150,4 |0,001566|-56,11 | -320,6 | +26/-100 | +2/-c0 | +oof/—0c0
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Figure B.9 — Magnitude of frequency weighting Wt for vertical whole-body vibratiqn, z-axis
motion sickness, seated or standing person, based on ISO 2631-1
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Figure B.10 — Phase of frequency weighting I/t for vertical whole-body vibration, z-axis motion
sickness, seated or standing person, based on ISO 2631-1
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Table B.6 — Frequency weighting W}, for hand-arm vibration, all directions, based on

ISO 5349-1
Frequency
Hy Band-limiting Weighting, Wy Tolerance

n

Nﬁg}i- True | Factor dB digizzs Factor dB dig?:gs % dB d eAg;lzeoes
-1 08 |0,7943(0,01585| -36,00 | 169,7 | 0,01586 | -36,00 | 168,1 |+26/-100| +2/-c0 | +00/~00
0 1 1 0,02511| -32,00 | 167 0,02514 | -31,99 165 |+26/-100| +2/-co | +00/-c0
1 1,25 1,259 [0,03978| -28,01 | 163,5 | 0,03985 | -2799 161 [+26/-100| +2/-co | #eof-c0
2 1,6 1,585 [0,06297| -24,02 | 159,1 | 0,06314 | -2399 | 1559 |+26/-100| +2/-0od }\+oof-00
3 2 1,995 | 0,0995 | -20,04 | 153,4 | 0,09992 | -20,01 | 149,3 [+26/-100| +2/=09" | +00f-00
4 2,5 2,512 | 0,1565 | -16,11 | 146,1 0,1576 | -16,05 | 140,8 |+26/-100] %2/-c0 | +oof—c0
5 3,15 3,162 | 0,243 6 | -12,27 | 136,4 0,2461 | -12,18 | 129,7 |+26/-100) +2/-c0 | +oof-0c0
6 4 3981 | 0,3699 | -8,64 | 123,7 0,375 4 -8,51 | 115,2 |+26/5100| +2/-00 | +oof-c0
7 5 5012 | 0,5336 | -5,46 | 1079 0,545 -5,27 96,7 N\¥26/-21| +2/-2 |+12f-12
8 6,3 6,31 | 0,7071 | -3,01 | 89,59 0,727 2 =2,77 | 7491 +26/-21 | +2/-2 |+12f-12
9 8 7943 | 0,8457 | -1,46 71,3 0,873 1 -1,18 | 51574 | +26/-21 | +2/-2 |+12)-12
10 10 10 09291 | -0,64 | 55,36 0951 4 -0,43 429,15 | +12/-11 | +1/-1 | +6f/-6
11 12,5 12,59 [ 09699 | -0,27 | 42,62 09576 -0,38 7,81 | +12/-11| +1/-1 | +6f-6
12 16 15,85 | 09877 | -0,11 | 32,76 0,895 8 €096 | -12,05 | +12/-11 | +1/-1 | +6f/-6
13 20 19,95 0995 | -0,04 | 25,14 0,782 -2,14 | -29,71 | +12/-11 | +1/-1 | +6f-6
14 25 25,12 | 0998 | -0,02 | 19,15 0,6471 -3,78 | -44,37 | +12/-11 | +1/-1 | +6[-6
15 31,5 31,62 | 09992 | -0,01 | 14,34 0,519 2 -5,69 | -55,89 | +12/-11 | +1/-1 | +6f/-6
16 40 39,81 [ 09997 | 0,00 10,38 04111 -7,72 | -64,78 | +12/-11 | +1/-1 | +6f-6
17 50 50,12 | 0,9999 | 0,00 7,02% 0,324 4 -9,78 | -71,7 | +12/-11| +1/-1 | +6[-6
18 63 63,1 (09999 | 0,00 4,065 0,256 -11,83 | 77,27 | +12/-11 | +1/-1 | +6/-6
19 80 79,43 1 0,00 1,33 0,2024 | -13,88 | -81,94 | +12/-11 | +1/-1 | +6)-6
20 100 100 1 0400 -1,33 0,160 2 -1591 | -86,06 | +12/-11 | +1/-1 | +6/-6
21 125 1259 | 0,9999 |( 0,00 | -4,065 0,127 -1793 | -8992 | +12/-11 | +1/-1 | +6[-6
22 160 158,5 | 0,9999.}” 0,00 | -7,027 0,100 7 -1994 | -93,75 | +12/-11 | +1/-1 | +6f/-6
23 200 199,5 | 09997 | 0,00 | -10,38 | 0,07988 | -2195 | -97,8 | +12/-11 | +1/-1 | +6)-6
24 250 251,2 {09992 | -0,01 | -14,34 | 0,06338 | -23,96 | -102,3 | +12/-11 | +1/-1 | +6f-6
25 315 3162~ 0998 | -0,02 | -19,15 | 0,05026 | -2597 | -107,5 | +12/-11 | +1/-1 | +6f-6
26 400 398;1 | 0995 | -0,04 | -25,14 | 0,0398 | -28,00| -113,8 | +12/-11 | +1/-1 | +6/-6
27 500 501,2 | 09877 | -0,11 | -32,76 | 0,03137 | -30,07 | -121,7 | +12/-11 | +1/-1 | +6)-6
28 630 631 | 09699 | -0,27 | -42,62 | 0,02447 | -32,23 | -131,8 | +12/-11 | +1/-1 | +6/-6
29 800 794,3 | 09291 | -0,64 | -55,36 | 0,01862 | -34,60 | -144,7 | +12/-11 | +1/-1 | +6/-6
30 | 1000 | 1000 |08457 | -146 | -71,3 | 0,01346 | -3742 | -160,8 | +26/-21 | +2/-2 |+12/-12
31 | 1250 | 1259 |0,7071 | -3,01 | -89,59 | 0,00894 |-4097 | -179,2 | +26/-21 | +2/-2 |+12/-12
32 | 1600 | 1585 |0,5336 | -546 | -1079 | 0,005359 | -45,42 | -197,5 | +26/-21 | +2/-2 |+12/-12
33 | 2000 | 1995 |0,3699 | -8,64 | -123,7 | 0,00295 | -50,60 | -213,5 |+26/-100| +2/-0c0 | +00/-00
34 | 2500 | 2512 | 0,2436 | -12,27 | -136,4 | 0,001 544 | -56,23 | -226,2 |+26/-100| +2/-0c0 | +00/-00
35 | 3150 | 3162 | 0,1565 | -16,11 | -146,1 |0,000 787 8| -62,07 | -235,9 |+26/-100| +2/-00 | +00/-00
36 | 4000 | 3981 | 0,0995 | -20,04 | -153,4 |0,000397 8| -68,01 | -243,3 |+26/-100| +2/-c0 | +00/-00
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Table B.7 — Frequency weighting WW; for vertical head vibration, x-axis recumbent person, based
on ISO 2631-1

Frequency
Hy Band-limiting Weighting, W Tolerance
n
Nﬁg}i- True | Factor dB digizzs Factor dB dig?:gs % dB d eAg;lzeoes
-10 0,1 0,1 |0,06238| -24,10 | 159,3 | 0,03099 | -30,18 | 159,8 |+26/-100| +2/-0c0 | +00/~00
-9 | 0,125 |0,1259 (0,098 57| -20,12 | 153,6 | 0,04897 | -26,20 | 154,2 |[+26/-100| +2/-0c0 | +00/-00
-8 0,16 |0,1585| 0,1551 | -16,19 | 146,3 | 0,077 03 | -22,27 | 147 |+26/-100| +2/-00 | #¥oof-c0
-7 0,2 0,1995| 0,2415 | -12,34 | 136,6 0,1199 | -18,42 | 137,6 |+26/-100| +2/—oca |\ +oof—-c0
-6 | 0,25 |0,2512|0,3669 | -8,71 | 1241 0,182 1 -14,79 | 125,3 |+26/-100| +2)/~®"| +oof-c0
-5 | 0,31% |0,3162| 0,53 -5,51 | 108,3 0,263 -11,60 | 1099 |+26/-21 | ™%2/-2 |+12)-12
-4 04 10,3981 0,7037 | -3,05 | 90,06 0,3489 -9,15 | 92,06 | +26/=21Y +2/-2 |+12f-12
-3 0,5 |0,5012|0,8434 | -1,48 | 71,76 0,417 6 -7,58 | 74,31 | +26/21 | +2/-2 |[+12)-12
-2 0,63 0,631 | 09279 | -0,65 | 55,78 0,458 5 -6,77 | 59,02 \¥l2/-11| +1/-1 | +6f/-6
-1 0,8] [{0,7943| 09693 | -0,27 | 43,01 0,477 6 -6,42 | 4718~} +12/-11 | +1/-1 | +6f/-6
0 1 1 09874 | -0,11 | 33,15 0,484 4 -6,30 | 38§57 | +12/-11| +1/-1 | +6(-6
1 1,25 1,259 | 0,9949 | -0,04 | 25,54 0,4851 -6,28 432,71 | +12/-11 | +1/-1 | +6(-6
2 1,6 1,585 | 0998 | -0,02 | 19,58 0,483 2 -6,32%| 29,31 | +12/-11 | +1/-1 | +6f/-6
3 2 1,995 | 09992 | -0,01 | 14,84 0,4819 £6,34 | 28,42 |+12/-11| +1/-1 | +6f-6
4 2,5 2,512 [ 09997 | 0,00 10,97 0,4889 -6,22 | 30,41 | +12/-11| +1/-1 | +6f/-6
5 3,15 3,162 | 0,9999 | 0,00 7,74 0,524%6 -5,60 | 3514 |+12/-11| +1/-1 | +6f/-6
6 4 3981 | 09999 | 0,00 4,941 06251 -4,08 | 39,31 | +12/-11| +1/-1 | +6f/-6
7 5 5,012 1 0,00 2,416 0,794 8 -199 | 36,78 | +12/-11| +1/-1 | +6f-6
8 6,3 6,31 1 0,00 | 0,0244 0,947 -0,47 | 2742 | +12/-11| +1/-1 | +6f/-6
9 8 7,943 1 0,00 | -2,366 1,016 0,14 17,07 | +12/-11| +1/-1 | +6/-6
10 10 10 09999 | 0,00-54+4,887 1,03 0,26 8,688 | +12/-11 | +1/-1 | +6f/-6
11 12,5 12,59 [ 0,9999 | 000~ -7,679 1,026 0,22 2,043 | +12/-11| +1/-1 | +6)-6
12 16 15,85 | 0,9997 |( 0,00 -10,9 1,019 0,16 | -3,729 | +12/-11| +1/-1 | +6[-6
13 20 1995 | 0,999-2.-0,01 | -14,75 1,012 0,10 -9,33 | +12/-11| +1/-1 | +6[-6
14 25 25,12 | 0998 | -0,02 | -19,47 1,006 0,06 | -15,31 | +12/-11| +1/-1 | +6/-6
15 31,5 31,62 0,995 | -0,04 | -254 1 0,00 | -22,16 | +12/-11 | +1/-1 | +6(-6
16 40 39,81\ 09877 | -0,11 | -3297 | 09911 -0,08 | -30,43 | +12/-11 | +1/-1 | +6f/-6
17 50 5012 | 09699 | -0,27 | -42,78 0,972 -0,25 | -40,78 | +12/-11 | +1/-1 | +6f/-6
18 63 63,1 (09291 | -0,64 | -5549 | 09304 -0,63 | -53,9 | +12/-11| +1/-1 | +6f/-6
19 80 79,43 | 0,8457 | -1,46 | -71,41 | 0,8465 -1,45 | -70,15 | +26/-21 | +2/-2 [+12/-12
20 100 100 |0,7071 | -3,01 | -89,68| 0,7075 -3,01 | -88,68 | +26/-21| +2/-2 |+12/-12
21 125 1259 | 0,5336 | -5,46 | -1079 0,533 8 =545 | 1071 | +26/-21 | +2/-2 |+12/-12
22 160 158,5 | 0,3699 | -8,64 | -123,8 0,37 -8,64 | -123,2 |+26/-100| +2/-00 | +00/-00
23 200 199,5 | 0,243 6 | -12,27 | -136,4 | 0,2437 | -12,26 | -135,9 |+26/-100| +2/-00 | +00/-00
24 250 251,2 | 0,1565 | -16,11 | -146,1 | 0,1565 | -16,11 | -145,7 |+26/-100| +2/-00 | +00/-00
25 315 316,2 | 0,0995 | -20,04 | -153,5 | 0,09951 | -20,04 | -153,2 |+26/-100| +2/-c0 | +00/-00
26 400 398,1 |0,06297| -24,02 | -159,2 | 0,06297 | -24,02 | -158,9 |+26/-100| +2/-c0 | +00/~00
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Figure B.13 — Magnitude of frequency weighting W; for vertical head vibration, k-axis
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Table B.8 — Frequency weighting Wy for vertical whole-body vibration, z-axis seated, standing
or recumbent person, based on ISO 2631-1

Frequency
Hy Band-limiting Weighting, Wy Tolerance
n
Nﬁg}i- True | Factor dB digizzs Factor dB dig?:gs % dB d eAg;lzeoes
-10 0,1 0,1 1]0,06238| -24,10 | 159,3 | 0,03121 | -30,11 | 159,8 |+26/-100| +2/-c0 | +00/-00
-9 | 0,125 |0,1259(0,09857| -20,12 | 153,6 | 0,04931 | -26,14 | 154,3 |+26/-100| +2/-00 | +00/-00
-8 0,16 |0,1585| 0,1551 | -16,19 | 146,3 | 0,07756 | -22,21 | 1471 |+26/-100| +2/-00 | #¥oof-co
-7 0,2 0,1995| 0,2415 | -12,34 | 136,6 0,1207 | -18,37 | 137,7 |+26/-100| +2/-od "} +oof-c0
-6 | 0,25 |0,2512|0,3669 | -8,71 | 1241 0,183 2 -14,74 | 125,4 |+26/-100| +2/~c0" | +o0f-c0
-5 | 0,31% |0,3162| 0,53 -5,51 | 108,3 0,2644 | -11,55 | 1099 | +26/-21 | ™2/-2 |+12)-12
-4 04 10,3981 0,7037 | -3,05 | 90,06 0,350 4 -9,11 92,2 | +26/:21Y +2/-2 |+12[-12
-3 0,5 |0,5012|0,8434 | -1,48 | 71,76 0,4188 =7,56 | 74,54 | +26/21 | +2/-2 |[+12)-12
-2 0,63 0,631 | 09279 | -0,65 | 55,78 0,458 8 -6,77 | 59,44 \¥l2/-11| +1/-1 | +6f/-6
-1 0,8] [{0,7943| 09693 | -0,27 | 43,01 0,476 7 -6,44 | 4796~ +12/-11 | +1/-1 | +6f/-6
0 1 1 09874 | -0,11 | 33,15 0,4825 -6,33 | 4006 | +12/-11| +1/-1 | +6(-6
1 1,25 1,259 | 09949 | -0,04 | 25,54 0,484 6 -6,29 4¢35,55 | +12/-11 | +1/-1 | +6(-6
2 1,6 1,585 | 0998 | -0,02 | 19,58 0,493 5 -6,13| 34,48 | +12/-11 | +1/-1 | +6f/-6
3 2 1,995 | 09992 | -0,01 | 14,84 0,5308 5,50 | 36,45 | +12/-11 | +1/-1 | +6f/-6
4 2,5 2,512 [ 09997 | 0,00 10,97 0,6335 -3,97 | 3798 | +12/-11| +1/-1 | +6[-6
5 3,15 3,162 | 0,9999 | 0,00 7,74 0,807 -1,86 | 32,73 | +12/-11| +1/-1 | +6[-6
6 4 3981 | 09999 | 0,00 4,941 0,964 8 -0,31 | 20,35 | +12/-11 | +1/-1 | +6f-6
7 5 5,012 1 0,00 2,416 1,039 0,33 6,309 | +12/-11| +1/-1 | +6)-6
8 6,3 6,31 1 0,00 | 0,0244 1,054 046 |-6,841|+12/-11| +1/-1 | +6f/-6
9 8 7,943 1 0,00 | -2,366 1,037 0,32 | -19,73 | +12/-11 | +1/-1 | +6f/-6
10 10 10 09999 | 0,00-54+4,887 | 09884 -0,10 | -33,3 | +12/-11| +1/-1 | +6)-6
11 12,5 12,59 [ 0,9999 | 000~ -7,679 | 0,8989 -093 | -47,62 | +12/-11 | +1/-1 | +6f/-6
12 16 15,85 | 0,9997 |( 0,00 -10,9 0,774 3 -2,22 | -61,84 | +12/-11 | +1/-1 | +6f/-6
13 20 1995 | 0,999-2."-0,01 | -14,75 | 0,637 3 -3,91 | -75,03 | +12/-11 | +1/-1 | +6[-6
14 25 25,12 | 0998 | -0,02 | -19,47 0,510 3 -5,84 | -87,02 | +12/-11 | +1/-1 | +6f/-6
15 31,5 31,62 0,995 | -0,04 | -254 0,4031 -7,89 | -98,35 | +12/-11 | +1/-1 | +6)-6
16 40 39,81\ 09877 | -0,11 | -32,97 0,316 -10,01 | -1099 | +12/-11 | +1/-1 | +6/-6
17 50 50712 | 09699 | -0,27 | -42,78 | 0,2451 | -12,21 | -122,7 | +12/-11 | +1/-1 | +6f/-6
18 63 63,1 (09291 | -0,64 | -5549 | 0,1857 | -14,62 | -137,6 | +12/-11 | +1/-1 | +6f/-6
19 80 79,43 | 08457 | -1,46 | -71,41 | 0,1339 -17,47 | -155,2 | +26/-21 | +2/-2 |+12/-12
20 100 100 |0,7071| -3,01 | -89,68| 0,08873 | -21,04 | -174,8 | +26/-21 | +2/-2 |+12/-12
21 125 1259 | 0,5336 | -546 | -1079 | 0,05311 | -25,50 | -194,1 | +26/-21 | +2/-2 |+12/-12
22 160 158,5 | 0,3699 | -8,64 | -123,8 | 0,02922 | -30,69 | -210,7 |+26/-100| +2/-c0 | +00/-00
23 200 199,5 | 0,243 6 | -12,27 | -136,4 | 0,01528 | -36,32 | -224 |+26/-100| +2/-00 | +00/-00
24 250 251,2 | 0,1565 | -16,11 | -146,1 | 0,007 795 | -42,16 | -234,2 |+26/-100| +2/-00 | +00/-00
25 315 316,2 | 0,0995 | -20,04 | -153,5 | 0,003 935 | -48,10 | -241,9 |+26/-100| +2/-0c0 | +00/-00
26 400 398,1 |0,06297| -24,02 | -159,2 | 0,001978 | -54,08 | -247,9 |+26/-100| +2/-c0 | +00/~00
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Figure B.15 — Magnitude of frequency weighting Wy for vertical whole-body vibration, z-axis
seated, standing or recumbént person, based on ISO 2631-1
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Figure B.16 — Phase of frequency weighting Wy for vertical whole-body vibration, z-axis seated,
standing or recumbent person, based on ISO 2631-1
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Table B.9 — Frequency weighting W/, for whole-body vibration in buildings, all directions,
based on ISO 2631-2

Frequency
Hy Band-limiting Weighting, Wy, Tolerance
n
Nﬁg}i- True | Factor dB digizzs Factor dB dig?:gs % dB d eAg;lzeoes
-10 0,1 0,1 |0,01585| -36,00 | 169,7 | 0,01584 | -36,00 | 168,7 |+26/-100| +2/-0c0 | +00/~00
-9 | 0,125 |0,1259(0,02511| -32,00 | 166,9 0,0251 | -32,00 | 165,7 [+26/-100| +2/-0c0 | +00/-c0
-8 0,16/ |0,15850,03978| -28,01 | 163,5 | 0,03976 | -28,01 | 1619 |+26/-100| +2/-00 | #¥oof-c0
-7 0,2 0,1995 |0,06297| -24,02 | 159,1 | 0,06293 | -24,02 | 1571 |+26/-100| +2/-od "} +ocof-00
-6 | 0,25 |0,2512|0,0995 | -20,04 | 153,4 | 0,09941 | -20,05| 150,8 |+26/-100| +2)/~00"| +oof-00
-5 1 0,31% |0,3162| 0,1565 | -16,11 146 0,1563 | -16,12 | 142,8 [+26/-100] *2/-co | +o0f-c0
-4 04| 10,3981 0,2436 | -12,27 | 136,3 0,243 -12,29 | 132,2 |+26/-100y +2/-0c0 | +oof-c0
-3 0,5 [0,5012|0,3699 | -8,64 | 123,6 0,368 4 -8,67 | 118,6 |+26/5100| +2/-00 | +oof-c0
-2 0,63 0,631 | 0,5336 | -546 | 1077 0,530 4 =551 | 101,3 N¥26/-21| +2/-2 |+12f(-12
-1 0,8] {0,7943|0,7071 | -3,01 | 89,36 0,700 3 -3,09 81,40 +26/-21 | +2/-2 |+12f-12
0 1 1 0,8457 | -1,46 71 0,8329 -1,59 | 6103 | +26/-21| +2/-2 |+12f-12
1 1,25 1,259 | 09291 | -0,64 | 5498 0907 1 -0,85 442,49 | +12/-11| +1/-1 | +6(-6
2 1,6 1,585 | 09699 | -0,27 | 42,14 09342 -0,59] 26,56 | +12/-11| +1/-1 | +6f/-6
3 2 1,995 | 09877 | -0,11 | 32,17 09319 £0,61 | 12,83 | +12/-11| +1/-1 | +6f/-6
4 2,5 2,512 | 0995 | -0,04 | 24,39 09101 -0,82 |0,5459 | +12/-11 | +1/-1 | +6f/-6
5 3,15 3,162 | 0998 | -0,02 18,2 0,8724 -1,19 | -10,89 | +12/-11 | +1/-1 | +6(-6
6 4 3981 [ 09992 | -0,01 | 13,15 0,818 4 -1,74 | -21,86 | +12/-11 | +1/-1 | +6f-6
7 5 5012 [ 09997 | 0,00 8,884 0,749 8 -2,50 | -32,52 | +12/-11 | +1/-1 | +6f/-6
8 6,3 6,31 | 09999 | 0,00 5,135 0,669 2 -3,49 | -42,85 | +12/-11 | +1/-1 | +6f/-6
9 8 7943 | 09999 | 0,00 1,68 0,5819 -4,70 | -52,73 | +12/-11 | +1/-1 | +6f/-6
10 10 10 09999 | 0,00 -1,68 0,494 1 -6,12 | -62,07 | +12/-11 | +1/-1 | +6(-6
11 12,5 12,59 [ 0,9999 | 000~| -5135| 04114 -7,71 | -70,84 | +12/-11 | +1/-1 | +6f-6
12 16 15,85 [ 09997 |( 0,00 |-8884| 0,3375 -944 | -79,15 | +12/-11 | +1/-1 | +6f/-6
13 20 1995 | 0,999-2.¥-0,01 | -13,15| 0,2738 | -11,25 | -87,25 | +12/-11 | +1/-1 | +6f-6
14 25 25,12 | 0998 | -0,02 | -18,2 0,2203 | -13,14 | -95,45 | +12/-11 | +1/-1 | +6)-6
15 31,5 31,62 0,995 | -0,04 | -24,39 0,176 -15,09 | -104,2 | +12/-11 | +1/-1 | +6/-6
16 40 39,81\ 09877 | -0,11 | -32,17 | 0,1396 -17,10 | -114 | +12/-11| +1/-1 | +6/-6
17 50 50712 | 09699 | -0,27 | -42,14 | 0,1093 -19,23 | -125,7 | +12/-11 | +1/-1 | +6/-6
18 63 63,1 (09291 | -0,64 | -5498 | 0,08336 | -21,58 | -139,8 | +12/-11 | +1/-1 | +6f/-6
19 80 79,43 | 0,8457 | -1,46 =71 0,06036 | -24,38 | -156,9 | +26/-21 | +2/-2 |+12/-12
20 100 100 |0,7071| -3,01 | -89,36 | 0,04013 | -2793 | -176,1 | +26/-21 | +2/-2 |+12/-12
21 125 1259 | 0,5336 | -5,46 | -107,7 | 0,024 07 | -32,37 | -195,1 | +26/-21 | +2/-2 |+12/-12
22 160 158,5 | 0,3699 | -8,64 | -123,6 | 0,01326 | -37,55 | -211,5 |+26/-100| +2/-c0 | +00/-00
23 200 199,5 | 0,243 6 | -12,27 | -136,3 | 0,006937 | -43,18 | -224,6 |+26/-100| +2/-00 | +00/-00
24 250 251,2 | 0,1565 | -16,11 | -146 | 0,003 541 | -49,02 | -234,7 |+26/-100| +2/-00 | +00/-00
25 315 316,2 | 0,0995 | -20,04 | -153,4 | 0,001 788 | -54,95 | -242,3 |+26/-100| +2/-00 | +00/-0c0
26 400 398,1 |0,06297| -24,02 | -159,1 | 0,000899 | -60,92 | -248,3 |+26/-100| +2/-c0 | +00/-00

72 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=4909c878c5753a17e273ea559f66984f

ISO 8041-1:2017(E)

Y
10
1
1 == —
'//
/ R~
/// e
S
N Z 2 U
/’I
74 NN
d N
0,01 AN
N\
\
N
N\
0,001
0,125 0,25 05 1 2 4 8 16 315 63 125 250 | 500 X
Key
X  frequency, Hz 1  band:limiting
Y weighting factor 2 weighting

Figure B.17 — Magnitude of frequency weighting W, for whole-body vibration in bujldings, all
directions, based on ISO 2631-2
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Figure B.18 — Phase of frequency weighting W, for whole-body vibration in buildings, all
directions, based on ISO 2631-2
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Annex C
(informative)

Realization of frequency weighting filters

uency domain

C.1.1 General

Any form of
used to pro
the weightsg

where wj is
NOTE F

measuremer
the inverse @

C.1.2 Ong

For one-thil
bands rang
Table 3).

Multiply th
from 5.6 (g

C.1.3 Fas

The weight

‘Z(Wiaif

frequency analysis, analogue or digital, real-time, one-third-octave or FFT analysis, m3
duce the frequency-weighted r.m.s. acceleration value, ay, by summationofithe squar
d r.m.s. spectral components a;, as shown by Formula (C.1):
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the weighting factor at the i th frequency band.
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ts required by this document due to the short (1 s) averaging time (or time constant) in relati
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b vibration acceleration values by the appropriate frequency weighting factor calcul
ven in Tables B.1 to B.9) before squaring and summation according to Formula (C.1).

t Fourier transform)(FFT)

bd r.m.s. acceleration value, ay, can be obtained from the FFT r.m.s. spectral compon

using Form
weighting f

la (C.1) or the power spectral density components, P;, using Formula (C.2). However
ctors, w, sheuld be obtained using Formulae (1) to (5) rather than Tables B.1 to B.9.

Z
Wy P Af

y be
bs of

(C.1)

.IM.S.
bn to

tave
2 in

ated

ents
the

C.2)

w%

=)

In the summation process of power spectra, the spectral overlap caused by time windowing should
be taken into account. For a broad-band spectrum, divide the frequency-weighted acceleration, ay,
calculated from Formula (C.2) by a factor that corresponds to the bandwidth of the equivalent ideal
filter that passes the same power from a white noise source, see Table C.1.

Table C.1 — Time-window functions and their effective bandwidth

Time-window functiona

Noise bandwidth factor Application

Hanning

1,5

General purpose, non-stationary random processes

Flat-top

3,77

Periodic or sinusoidal signals (e.g. calibration)

a

Other window functions are available and may be more suited to specific applications.
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The time-window noise bandwidth factor is normally taken into account within the power spectral
function of FFT analysers.

The FFT frequency resolution should be less than 40 %, preferably 20 %, of the lowest frequency in the
nominal frequency range. The sampling frequency should be at least 5 times the highest frequency in
the nominal frequency range.

C.2

C.2.

The

Time domain

1 General

evaluation of vibration acceleration signals with respect to human response invelve

5 frequency

weighting using one of the filters specified in 5.6. For linear time averages, the frequency we¢ighting can

be a

spedtrum; either method will give the same result. However, for parameters such-as MTVV

and
freq

The

otherwise would be costly and bulky, particularly in multi-channel systems.

C.2.
Whi

of a

pplied before the r.m.s. averaging of a time history, or after the computation ef ah rm

application of digital filtering in the time domain eliminates the need for analogue f

P Conversion of filters from frequency domain te time domain

digital filter can be represented by its z-transform H(z). In the z-domain, the transf]

s.-averaged
(see 3.1.2.3

3.1.2.4), the maximum value of a running r.m.s. signal is required (see Annex D). In this case, the
1lency weighting needs to be applied to the time history before the intégration since, by definition,
the maximum of the weighted acceleration is determined.

Iters which

e Laplace transforms are appropriate for the desigh.of analogue filters in the frequency domain,
z-trdnsforms are generally used for digital filters to-be realized in software. The transf

er function
orm Y(z) of

the gutput from a digital filter relates to the tramsform X(z) of the input signal through th¢ product of
Forrhula (C.3):
Y(2) =H(2) - X(2) (C.3)
H(z)[can be expressed as shown by‘Formula (C.4):
M .
—1
Z b,z
H i o
(z) = N— (C4)
-1
1+ 2 a;z
=1
whefe
niand b; are coefficients;
Mand N are the number of zeros and poles, respectively.
The equivalent expression in the time domain is shown by Formula (C.5):
M N
y(ti) = z ka(ti_k)— zajy(ti_j) (C.5)
k=0 j=1
where x(t;) and y(t;) are input and output signals, respectively, sampled at time ¢;.
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C.2.3 Calculation of filter coefficients

The filter coefficients a; and b; can be obtained by the bilinear transformation method or the impulse
invariant method, see Reference [12]. The bilinear transformation method is the most appropriate for
Butterworth filters like the high-pass and low-pass filters described in 5.6. The z-transforms of these
2-pole filters can be obtained from the Laplace format of the transfer functions in 5.6 by substituting

the Laplace variable s, as shown by Formula (C.6):

z—-1

‘e (C-6)

T (z+1)

where Ts is the sampling interval.

A similar approach, or alternatively the impulse invariant method, may be used for the filters fo
transition and upward step.

C.2.4 Application of the filters

The separate filters should be applied to the sampled time data in consecutive order using the inf|
impulse response (IIR) filtering technique following Formula (C.5).

As an example, a MATLAB®Y code is given in Figure C.1 for the Wk filter, utilizing the built-in fung
'filter.m’ angl, from the signal analysis toolbox, "butter.m’ and ’bilinearsiy.

NOTE The MATLAB®1) code in Figure C.1 requires a sample rate of atleast 9 times the upper frequency

[ a-v

inite

tion

limit

f2 (in Table 3) to produce filters within the tolerances required by thissdocument. The MATLAB®1) code coulld be

modified to gllow lower sample rates, e.g. by use of the cotan transférmation

.o T f 7-1
tan[nf T ) z+1

where fo is the cut-off frequency.

1) MATLAB® is an example of a suitable product available commercially. This information is given fo
convenience of users of this document and does not constitute an endorsement by ISO of this product.

r the
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function y = isofilwk(x, fs)

o

ISOFILWK
Filter ISO 8041 Wk, whole body, vertical direction
y = isofilwk(x, fs)
vy output signal, acceleration
x input signal, acceleration
fs  sampling frequency, Hz
bilinear transformation algorithm is used

a° of % o

o=

o

f1 = 0.4;

T = LOU7

£f3 = 12.5;
f4 = 12.5;
04 = 0.63;
£f5 = 2.37;
Q5 = 0.91;
fe = 3.35;
06 = 0.91:

o9

Note that in the function "butter"™ the variables Q1) and Q2 are
effectively set to equal to 1/sgrt{2), thereforgithey don't need
to be explicitly set here.

oF

o

w3 = 2%pi*f3;
wi 2*pi*fd;
w5 2*pl*£5;
W6 = 2%pi*f6;

i

I

nyg = £8/2; % Nyquist frequency
% Determine parameters for band limiting high pass and low pass

[bl,al] = butter (2, f1/nyehhigh');
[b2,a2} butter (2, £2/nva) ;

P

High pass
Low pass

i

oe

% Determine paramerexrs for a-v transition

B3 = [1/w3 11;
A3 [1/wa/wid 3/Q4/wd 11;
[b3,a3] = bilihear(R3,A3,fs);

i

i

% Detertiiné parameters for upward step

B4 =\JDL/w5/w5 1/05/wd 1]*wh*wh/w6/wé;
AL [1/w6/w6 1/06/w6 11;
[(b4,ad]l = bilinear(B4,A4,fs);

% ApPply The function "ifilter” Lo 1nput signal X (oulput signal v)

filter(b2,a2,x);
filter(bl,al,v):
filter(b3,a3,vy):
filter(b4d,ad,v);

=

Apply low-pass band limiting
Apply high-pass band limiting
Apply a-v transition

Apply upward step

il I
ap

GG G
I
o P

il

Figure C.1 — Example code for applying the frequency weighting W\ to a time signal
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Annex D
(informative)

Running r.m.s. time averaging

D.1 Linear running r.m.s. time averaging
Linear runping r.m.s. acceleration evaluation, see 3.1.2.3, is achievable in practice with digital ngnal

processing which allows inexpensive storage of a large amount of data (signal samples), seediigure|D.1.

(k) 0 '
a(k Integrate Divide S a k)
S [ quare r.m.s.,0}
juare — Add (sum) by & root
Delay || [a(k - 0/A8)]?
by 6
Key

k  sample pumber
At sampleIeriod

q integratjon time

Figure D.1 — Method for achieving linear r.m.s. averaging

D.2 Expgnential running r.m.s. time averaging

Exponential running r.m.s. evaluation, see 3.1.2.4, has been used for a long time in the field of sgund
measuremdnt and human-vibration measurement. First, it was standardized for sound level metels as
the time we¢ightings “slow’/(time constant of 1 s) and “fast” (time constant of 0,125 s), then latey for
human-vibration metexsialso. Exponential time weighting is also known as “exponential averaging”,
“exponentiglly timedweighted r.m.s.” or as “running r.m.s. with exponential time window”. Figurg¢ D.2
shows how exponéiitial running r.m.s. acceleration averaging can be achieved.
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a(k)

Key

D.3

The
two

the ¢

Key

b)

ISO 8041-

a*(k)

Multiply
by m

Square
root

Square

Add Add

[ar.m.s.,‘r(k - 1)]2 Delay

by At

1:2017(E)

drms.,t (k)

[a r.m.s.t (k)] 2

| — e-At/t

[ime constant

Figure D.2 — Method for achieving exponential r.m(s.)averaging

Comparison of linear and exponential running £.m.s. time averaging

.m.s. average results given by the formulae in 3.1.2.3 and 3.1.2.4, can differ considerabl
main equivalence criteria that may be used to compare the effects of the methods, d¢
pplication and the type of signal, as follows.

Fquivalence criterion 1 (Figure D.3): For optimum correspondence with respect t
values of the running r.m.s. (i.e. MTVV) of\impulsive signals (shocks), the integration
inear averaging should be nearly equal to the time constant of the exponential averagin
ronsiderable differences can occur depending on the length and the waveform of the sh|

B

0,5

. There are
pending on

maximum
time of the
g. However,
ock.

exponential
linear

Figure D.3 — Equivalent time windows for nearly equal maximum running r.m.s. of

impulsive signals

Equivalence criterion 2 (Figure D.4): For optimum correspondence with respect to variance or to
the coverage probability (or other statistical parameters) of the running r.m.s. of random signals,

the integration time of the linear averaging should be twice the time constant of the

exponential

averaging. The same is true for the ripple in the case of pulse trains or periodic signals. However,
with the latter and linear averaging, severe interference effects can occur depending on the

averaging time relative to the cycle duration.
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Key
A exponertial
B  linear

Figure D.4 — Equivalent time windows for nearly equal r.m.s. average orother statistical
parameters
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Annex E
(informative)

Vibration transducer characteristics

E.1 _General

The
fact

Whdre indicated in this annex, typical specifications are given for vibration transduce
assessments of typical health effects. Other applications.cah require less demanding sp
som

NOT
vibrgtion transducer. Transducers measuring other vibration quantities, such as vibration velocity,
provjded that the overall requirements are satisfied>The requirements for the tests by electrical {
need|to be modified accordingly.

E.2

Recqmmended minimum specifications for vibration transducers are given in Table E.1. Hoy
spedifications might not be applicable in all cases.

1:2017(E)

choice of vibration transducer for human response to vibration measurement depen
drs, for example:

Lhe general application, i.e. hand-arm, whole-body or low-frequency whole-body vibrati
Lhe specific application, e.g. measurements for health, comfort or perception purposes;
environmental conditions, e.g. hot, humid or dusty environments;

fixing constraints, e.g. fixing to lightweight structures, limited available space.

b can require more strict specifications.

L

D The description in this document is based on¢ibration acceleration as the quantity def

Specifications

s on many

on;

rs used for
bcifications,

ected by the
can be used
ignals might

vever, these
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Table E.1 — Vibration transducer specifications

Specifi . Whole-body vibration Low-
pecific requirements, H
Characteristic | influence on uncertainty of 'fmd-a_rm frequency
y vibration Vehicl Buildi whole-body
measurement ehicles uridings . .
vibration
Maximum total < 10 % of the effective mass of 30g 450 gon 1kg 1kg
mass (of all the vibrating structure seat,50 g
vibration elsewhere
transducers and
mounting system)
Maximum 5g 50g 200¢g 200 ¢
vibration
transducer mass
Maximum t¢tal Unobtrusive, minimum 25 mm cube On seat: 200 mm x 200 mm x
size (of all interference with normal 300 mm 200 mm x 200 mm x
vibration activities diameter x |50 mm height| 100 mm
transducers|and 12 mm height height
mounting system) (semi-rigid
disc, see F.2)
Other loca-
tions:30 mum
cube
Maximum Where a vibration transducer is 10 mm 10 mm 25 mm 50 mm
mounting h¢ight |mounted above a vibrating sur-
face (e.g. on a mounting block)
butis aligned, measure the vi-
bration parallel to that surface.
Then the distance between the
measurement axis of the vibra-
tion transducer and the mount-
ing surface should be as small
as possible. This will minimize
the amplification of rotational
acceleration components.
Temperaturg -10°Cto -10°Cto -10°Cto -10°Cto
range 50°C 50°C 50°C 50 °Q
Electromaghetic <30m/s2/T | <5m/s2/T | <2m/s2/T | <2m/s3/T
fields (30 m[l at
50 Hz or 60 Hz)
Acoustic <0,05m/s2/ | <0,01 m/s2/ | <0,01 m/s2/ | <0,01 m/fs2/
sensitivity kPa kPa kPa kPa
Transverse Sensitivity of single-axis trans- <5% <5% <5% <59%
sensitivity ducers to vibration along axes
at 90° to the principal axis, see
Notes 1 and 2
NOTE 1 The transverse sensitivity is axis and possibly frequency and amplitude dependent; it is usually given as a single
value representing the worst-case situation.
NOTE 2 Where multi-axis (3 or 6 axes) measurements are made, the measurement results may be corrected for the effect
of the transverse sensitivities of the vibration transducers, provided that appropriate detailed information is available.
NOTE 3 Since high-frequency components in shocks of short duration can excite the accelerometer at its resonance
frequency it is useful to use mechanical (low-pass) filters. This also prevents the sensing element of the accelerometer from
damage and limits the uncertainty of measurement. The transducer resonance frequency f; is likely not to be excited if for
the shock duration T the following relation is satisfied: T > 5/f;.
NOTE 4 A different transducer can be required for high-shock vibration than for lower vibration.
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accelerations to which it can be
exposed, while providing ac-

curate informationwithin the

for pneumat-
ic hammers)

o . Whole-body vibration Low-
Specific requirements,
. . - Hand-arm frequency
Characteristic | influence on uncertainty of vibration . . whole-bod
measurement atio Vehicles Buildings 10le-body
vibration
Maximum The vibration transducer needs | 30 000 m/s2 | 1000 m/s2 500 m/s2 500 m/s2
unweighted shock [to be capable of withstanding | (can be up to
acceleration the high unweighted shock 50 000 m/s2

measurement frequency range,
see Notes 3 and 4

Phase response

Important for measurements
of non-r.m.s. parameters: VDV,
MTVYV and peak

Within the characteristic phase deviation requirements
for the vibration instrument (no rapid changgs in phase
with frequency within the nominal frequenfy range)

Other specifications can be
required for certain applica-
tions, e.g. laboratory-based
measurements might not need
any IP specification while
measurements in explosive
atmospheres can need higher
[P ratings

Minjmum Should be greater than approx- 10 kHz 800 Hz 800 Hz 5 Hz
resgnance imately ten times the nominal

frequency upper frequency limit

Minjmum Suggested enclosure specifi- IP 55 IP:55 None IP 55
enclpsure cations to prevent ingress of

spedification water and dust.

NOTE 1 The transverse sensitivity is axis and passibly frequency and amplitude dependent; it is usually given as a single
valug representing the worst-case situation.

NOTE 2 Where multi-axis (3 or 6 axes) meaSurements are made, the measurement results may be corrected|for the effect
of the transverse sensitivities of the vibration transducers, provided that appropriate detailed information isjavailable.

NOTE 3 Since high-frequency components in shocks of short duration can excite the accelerometer at
frequency it is useful to use mechanical (low-pass) filters. This also prevents the sensing element of the accelefometer from
dampge and limits the uncertainty of measurement. The transducer resonance frequency f; is likely not to bg excited if for
the ghock duration T the following relation is satisfied: T 2 5/f,.

NOTE 4 A different transducer can be required for high-shock vibration than for lower vibration.

ts resonance
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Annex F
(informative)

Tests for mounting systems

F.1 Hand-arm measurement

F.1.1 General

Mounting sfystems for hand-arm vibration measurement shall provide a lightweight, small and
system to gnsure that the output from the vibration transducers accurately reproduces the vibrg

acceleratio

This annex

on the vibrating surface.

F.1.2 Test procedure

Tests shall

transducer
and test ad
against thig

The test ha
be applied {

pbe carried out on accelerometers mounted as shown in Eigure F.1. The reference vibrg
shall satisfy the accelerometer requirements of this document. The test mounting sy
celerometer shall be those specified for use with.the instrumentation being evalu
document.

hdles shall be rigid 25 mm diameter cylinders\of length 125 mm. The input vibration
o the handle, in the direction indicated in Eigure F.1. The handle may be supported af

point or points provided that the test mounting syStem is not affected and, where appropriate

mounting s
input vibrat

Where a m
grip force. |
these tests.

Ideally the
that change

Apply a sing
frequency 1
value of 10
point on thg

Carry outd

ystem may be held in place by hand. All-measurements shall be made along the axis o
ion.

bunting is designed to be hand-held, it shall be tested hand-held, using a loose and
f any additional fixing is spegcified in the instrument documentation, this shall be use

orip force should bemonitored and controlled throughout the measurement. Grip fqg
during measurement can affect the apparent response of the mounting system.

ange of the.spectrum shall be from 31,5 Hz to 1 250 Hz with an overall W}, weighted 1
m/s2. Thetolerance on the white noise spectrum is + 20 %, as measured at the refer]
test hrandle.

hal-channel analysis, with a frequency increment not greater than 8 Hz, covering the w

provides an optional basic test procedure for single-axis and triaxialmounting systemg.

Figid
ition

ition
ttem
ated

shall
any
the
f the

fight
1 for

rces

le-axis whitenoise input vibration spectrum in the axis as shown in Figure F.1. The minijnum

m.s.
ence

hole

frequency r

£ - PR 1 £ 1 PR - 1 -
dllgT, UI'LHIC UULpULS 1TULT UIC TTICITILT dIIU THHOUIIITU LES 1 dLLTITT UITITLTT 5.

Make three repeat measurements, over periods of not less than 30 s. Between each measurement,
remove and refit the mounting system.

The frequency response function between the reference vibration transducer and the mounted test
vibration transducer shall be 1,0 with a tolerance of + 15 % at all frequencies. The coherence of the
frequency response function shall be better than 0,8 at all frequencies from 31,5 Hz to 1 250 Hz.

If dual-channel analysis is not available, make a simultaneous measurement of the spectrum from the
mounted test and reference vibration transducers. At all frequencies from 31,5 Hz to 1 250 Hz, the test
accelerometer spectrum shall be within 15 % of that of the reference vibration transducer.
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