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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
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htional Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

btional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Part 2.

The npain task of technical committees is to prepare International Standards. Draft/internationpal Standards
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pd by the technical committees are circulated to the member bodies foryvoting. Publ
btional Standard requires approval by at least 75 % of the member bodies ¢asting a vote.

on is drawn to the possibility that some of the elements of this doctiment may be the sul
ISO shall not be held responsible for identifying any or all such patent rights.

D41 was prepared by Technical Committee ISO/TC 108, Meehanical vibration and shock, §
Use and calibration of vibration and shock measuring instriments.

becond edition cancels and replaces the first edition (ISO 8041:1990), which has bes
d, and incorporates its Amendment, 1SO 8041:1990/Amd.1:1999, and Technical
D41:1990/Cor.1:1993.

asons for the main changes introduced in this edition are as follows:
improve the specifications for humat.response to vibration measuring instrumentation;

incorporate into one document.the specifications introduced by the 1999 amendment to 1S
hich themselves were réquired following the introduction of new frequency
b0 2631-1:1997;

recognise changes-in the frequency weighting specification introduced in ISO 5349-1:20
equencies outside“the one-third octaves from 6,3 Hz to 1250 Hz to be excluded from
Cceleration calculation (this is achieved by changing the frequencies at which the tolerang

—100 % totbe the lower boundary of the 6,3 Hz one-third-octave bands and the upper bg
250 Hz oneé-third-octave band);

intfoduce allowances for the uncertainties of testing the conformance of the human vibrat
strUments;

cation as an

ject of patent

bubcommittee

en technically
Corrigendum

5O 8041:1990,
veightings in

D1 that allows
the weighted
e is extended
undary of the

on measuring

with tests defined according to the needs of this hierarchy;

vi

bration value (MTVV) and vibration dose value (VDV);

inputs;

to introduce informative tests for mounting methods.
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to introduce a hierarchy of testing requirements (pattern evaluation, periodic verification and in-situ check)

to recognise the needs for the specification and testing of new parameters such as maximum transient

to recognise the need to test multi-axis instrumentation and to test combined results from these multi-axis
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Human response to vibration — Measuring instrumentation

1
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requir

calibrators for in-situ checks.
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instrumentation or computer-based acquisition and analysis systems.

Vibrat
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Vibrat
define

Threg
a) p
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b) p

r

—

fu

2 N

The f
refere

Scope

ements for pattern evaluation, periodic verification and in-situ checks, and the specificatid

on instruments specified in this International Standard can be single instruments, co

on instruments specified in this International Standard are intended\to’measure vibratig
bpplications, such as

and-transmitted vibration (see ISO 5349-1),
hole-body vibration (see ISO 2631-1, ISO 2631-2, ISO 2631-4), and

w-frequency whole-body vibration in the frequency range from 0,1 Hz to 0,5 Hz (see ISO 2

on instruments can be designed for measurement*according to one or more of the frequen
d within each of these applications.

levels of performance testing are defined in this International Standard:

httern evaluation, i.e. a full test of(the" instrument against the specifications defined in this
tandard;

briodic verification, i.e. an intérmediate set of tests designed to ensure that an instrument
e required performance specification, and

-situ checks, i.e. atminimum level of testing required to indicate that an instrument i
nctioning within _theyrequired performance specification.

ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition cited applies. For undated references, the latest edition of th

International Standard specifies the performance specifications _and tolerance limits for instruments

fed to measure vibration values, for the purpose of assessing human response to vibrati

bn. It includes
n of vibration

mbinations of

ns for one or

631-1).

cy weightings

International

emains within

5 likely to be

ht. For dated
e referenced

docur

IUII‘[ (illbiuu‘illg dalty dIIIUIIUIIIIUIItb) dppiica.

ISO 2041, Vibration and shock — Vocabulary

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)

ISO 2631-4, 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-quideway transport systems

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

© 1SO 2005 - All rights reserved
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ISO 5348, Mechanical vibration and shock — Mechanical mounting of accelerometers

ISO 5349-1:2001,

Mechanical vibration Measurement and evaluation of human exposure to

hand-transmitted vibration — Part 1: General requirements

ISO 16063 (al

IEC 61000-4-2:2001,

techniques —

IEC 61000-4-3:2002, Electromagnetic compatibility (EMC)

| parts), Methods for the calibration of vibration and shock transducers

Electromagnetic compatibility (EMC)
Electrostatic discharge immunity test

Part 4-2: Testing and measurement

Part 4-3: Testing and measurement

techniques —Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-
Immunity to ¢

IEC 61000-6-
industrial envi

CISPR 22:20
methods of m

GUM, Guide
1993

3 Terms,

3.1 Terms

For the purpg
apply.

3.11

vibration acdeleration

component of

31.2
band-limiting
component of

313
band-limited
frequency ran

B, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement techniquyes —

bnducted disturbances, induced by radio-frequency fields

P:1999, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards +— Immunity for
ronments

D3, Information technology equipment — Radio disturbance characteristics — Limits and
easurement

0 the expression of uncertainty in measurement. BIPM, IEC, IFCCISO, IUPAC, IUPAP, OIML,
definitions and symbols

and definitions

ses of this document, the terms and definitions given in ISO 2041, together with the follpwing,

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

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

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

3.1.5
3.1.51

Frequency-weighted values

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

1

T

.

T )2
ja%(f)d«:}
0

© ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=e152ef53ffaf1baf15f949ac8865d1a8

where

ISO 8

ay(&) is the translational or rotational, weighted vibration acceleration in a specified axis
of the instantaneous time, &, in metres per second squared (m/s2) or radians per second

T

squared (rad/s2), respectively;

is the duration of the measurement

3.1.5.2
time-averaged weighted acceleration level
frequency-weighted r.m.s. vibration acceleration level expressed in decibels, as defined by

041:2005(E)

as a function

[

where

a

3.1.5.
runni
freque
expre

wherg

NOTE
The eX

S

w=20lg ¥ 4B
ap

is defined in 3.1.5.1;

U
) is the reference acceleration (defined as 106 m/s2 in ISO 1683)
B
g r.m.s. acceleration value

ncy-weighted running r.m.s. vibration acceleration, in metres per second squared, d
5sion

(&) s the frequency-weighted linstantaneous vibration acceleration at time &, in metrg
squared;

is the integration time‘of the measurement;
is the instantaneous time

Exponentialavgraging may be used for the running r.m.s. method, as an approximation of the li
ponential averaging is defined as follows:

=k

=
~
o
~
—
{
|
—_—
Q
=N
—_
U
~—~—
@
x
©
N\
BN

()

pfined by the

@)

s per second

hear averaging.

(4)

where

7 is the time constant.

3154
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

3.1.5.5
motion sickness dose value
MSDV
integral of the squared weighted instantaneous vibration acceleration a,/(f) in m/s'5 as defined by the
expression:

© 1SO 2005 - All rights reserved
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Y

(<))
MSDV = ja@(g)dg (5)
0

where @ is the total period during which motion could occur

NOTE 1 The motion sickness dose value may be obtained from the frequency weighted r.m.s. vibration acceleration

1
through multiplication by QDA .

NOTE 2 For measurement instrumentation, the exposure period @ is likely to be assumed to be equal to the
measurement f nrinri’ 7’, unlass athanaisa ir\rﬁﬁafnr{_

3.1.5.6
vibration doge value
VDV
integral of thg fourth power of the weighted instantaneous vibration acceleration a,(7) in m/s1:75 as defined by
the expression

Y

VDV =| [ ag (£)d& (6)

T

where @ is the total (daily) period for which exposure occurs
NOTE 1 The vibration dose value is more sensitive to peaks than is thér'm.s. value.

NOTE 2 Fof measurement instrumentation, the exposure period @ is likely to be assumed to be equal |to the
measurement period, 7, unless otherwise indicated.

3.1.5.7
vibration total value
combined vibration from three axes of translational vibration, as defined by the expression

2 2 2
Awy :\/ xawx+kyaWy+kzaWz (7)
where

ayy ayy, 3nd a,,, are the ibration values in the three orthogonal axes x, y and z;
ky, k, and k, are maltiplying constants whose values depend on the measurement application

3.1.5.8
peak vibratign-value
maximum modulus of the instantaneous (positive and negative) peak values of the frequency-weighted
acceleration

3.1.5.9

crest factor

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

3.1.6

linear operating range

on each measurement range, the range between lower and upper boundaries over which the linearity errors
are within the applicable tolerance limits specified in this International Standard

4 © ISO 2005 — All rights reserved
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317
overload
condition that occurs when the upper boundary of the linear operating range is exceeded

3.1.8
under-range

condition that occurs when the vibration value is below the lower boundary of the linear operating range

3.1.9
reference measurement range
level range specified for testing the characteristics of the vibration instrumentation

NOTE ThisTange 15 thatused formeasurmng the Teference vibration:

3.1.10
refergnce vibration signal

sinusgidal vibration signal, the magnitude and frequency of which is specified in this Internationgl Standard for

testing the electromechanical performance of a human-vibration meter

NOTE Different reference vibration signals are specified according to the application of the instrumentation.

3.1.11
calibration check frequency
frequency specified for providing a check of the vibration sensitivity of the instrument

3.1.12
tone burst
one of more complete cycles of a sinusoidal signal that start‘and end at a zero crossing of the w4

3.1.13
signa] burst
one of more complete cycles of a periodic signdl(such as saw-tooth) that start and end at a z¢]
the waveform

3.1.14
vibrafion measuring instrumentation

combination of a vibration transducer, signal processor and display, being any single ins
collection of instruments, which’is;capable of measuring parameters relating to human response

NOTE See Figure 1.
311
instrument documentation

instru¢tion manual;-operating procedure, or other documentation provided for the use of users o
measyirement.instrument

3.2 [Symbols

veform

ro crossing of

rument, or a
to vibration

f the vibration

For the purposes of this document, the following symbols and abbreviated terms are used:

a time-averaged frequency-weighted single-axis vibration acceleration

w

ay (1), a, (&) instantaneous frequency-weighted translational or rotational single-axis accelera

or time¢
f frequency
H overall frequency weighting function
k; multiplying constants applied to the whole-body frequency-weighted acceleration va
n one-third-octave band number

© 1SO 2005 - All rights reserved
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tor & instantaneous time
T measurement duration
s variable of the Laplace transform
/8 frequency weighting x
(0] exposure duration
Ao phase error
T exponential averaging time constant
0 linear averaging time
MTVV maximum transient vibration value
MSDV motion sickness dose value
VDV vibration dose value
5
1 |
() () 6
L
7 8
9 i 10
" — 12 13
Key
1 transducer 8 frequency weighting (including band-limiting)
2 mounting system 9 band-limited output
3 vibrating surface 10 frequency-weighted output
4 cable 11 time weighting
5 electrical input 12 additional processing
6 signal conditioning 13 display
7  band limiting

a) Time-domain signal processing

Figure 1 — Overview of the basic functional path output of a vibration measurement instrument or

measurement system

© ISO 2005 — All rights reserved
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5
1 |
() () 6 | 7
L
2 I
8 9
10 i 11
12 — 13
Key
1 trgnsducer 8 ~(band limiting (calculation)
2 mpunting system 9, frequency weighting — including band linfiting
3 vibprating surface (calculation)
4 cable 10 band-limited output
5 elgctrical input 11 frequency-weighted output
6 signal conditioning 12 accumulation of frequency bands
7 frdquency analysis 13 display
tinhe weighting
tinhe averaging
b) Frequency-domain signal processing (not applicable to VDV processing)
Figure 1 (continued)
4 Reference environmental conditions
Refer¢ncé.environmental conditions for specifying the performance of a vibration meter are

— alremperature: £Z5 U;

— relative humidity: 50 %.

5 Performance specifications

5.1 General characteristics

The performance specifications of this clause apply under the reference environmental conditions.
As a minimum, human-vibration measuring instrumentation shall provide a means of displaying

— time-averaged weighted vibration acceleration value over the measurement duration,

© 1SO 2005 - All rights reserved 7
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band-limi

ted time-averaged vibration acceleration value over the measurement duration, and

measurement duration.

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 features for which performance
specifications are given in this International Standard. An instrument shall conform to the applicable

performance

If the instrum|
measurement
documentatio|

The referencd
If the instrum
function shall
the method fo

Many of the {

snacificationefor thocsa-desianfaatiuras that ara nravidad
pPeEHEaHORSHoROSE-aeSigh+eattrestHatare-proviaea:

ent has more than one measurement range, the instrument documentation shall descri
ranges that are included and the operation of the measurement range control. Theinstr
h shall also identify which is the reference measurement range.

vibration signal frequencies and values are given in Table 1.
ent is capable of measuring the maximum (e.g. MTVV) and peak.Vvibration values, a

be provided. The instrument documentation shall describe the operation of the hold featu
r clearing a display that is held.

pe the
Lment

“hold"
e and

pecifications and tests in this International Standard require_ thé application of electrical gignals

substituting fgr the signal from the vibration transducer. The instrument.documentation shall specify a means
for substitutijg an electrical signal, equivalent to the signal from the vibration transducer, for perfgrming
electrical tests on the complete instrument without the vibration.transducer. If appropriate, the instrument
documentation may describe alternative methods to test the specified operations of the human vibration|meter.
NOTE Thé manufacturer of the human-vibration meter may’provide an input test point, or a dummy vipration
transducer of ppecified electrical impedance, or an equivalent\input adapter (electrical or non-electrical) to gerform
electrical tests pn the instrument.
The instrument documentation shall specify the maximum peak vibration at the vibration transducer apd the
maximum peak-to-peak signal (e.g. charge or voltage) that can be applied at the electrical input facility. The
maximum vibfation value and the maximum peak-to-peak voltage shall not cause damage to the instrument.
Table 1 — Reference vibration values and frequencies
Table in Nominal Weighting Weighted
oo Frequency annex factor at acceleration
Application weighting ™ ) frigﬂer;cy Reference reference at refer¢nce
(informative) 9 frequency |frequendy and
r-m.s. accr(le-lrgl-' ;tion
Frequency | acceleration
value valu
Hz m/s2 m/s
. SCC Iddllb
Hand-transmitted Wh B.6 8 to 1 000 (79,58 Hz) 10 0,202 0 2,020
Wy B.1 0,8126 0,812 6
We B.2 0,514 5 0,514 5
Wy B.3 0.5 to 80 0,126 1 0,126 1
0 to 100 rad/s
Whole-bod /4 B.4 1 0,062 87 0,062 87
y e (15,915 Hz) : :
W, B.7 1,019 1,019
Wi B.8 0,771 8 0,771 8
W B.9 1 to 80 0,336 2 0,336 2
= 2,5 rad/
Low-frequency i B.5 0,110 0,5 racis 0.1 0,388 8 0,038 88
whole-body (0,397 9 Hz)
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The tolerance limits given in this International Standard include the associated expanded uncertainties of
measurement, calculated for a coverage factor of 2, corresponding to a level of confidence of approximately
95 %, in accordance with guidance given in the GUM.

5.2 Display of signal magnitude

5.2.1 General

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

The @

uantities that can be displayed by the human-vibration meter shall be described {n-t

documentation, along with a description of the corresponding indications on each displaydevice.

The in
frequs
multip
capab

strument shall display the frequency-weighted acceleration values. Optionally,»it may als
ncy-weighted acceleration value multiplied by a factor %, as defined dA~1SO 2631-1

le of displaying the multiplying factors.

Wher¢ a combined axis output is displayed [e.g. vibration total value; Equation (7)], the instru

capab

When
the m

le of displaying the values of the multiplying factors used.

results of a measurement are provided at a digital output;the instrument documentation
bthod for transferring or downloading the digital data to*an external data-storage or displa

instrument documentation shall identify the computer software as well as the hardware for the inf

Intern

Each

to the
altern
specif
altern

For ar
the in

btionally standardized interface bus compatibility is recommended.

specifications of this International Standard, is considered an integral part of the instrume
ptive device shall be included as part'of the components required for conformance to thg
cations in this clause and the ‘applicable environmental specifications of Clause 7.
btive display devices include level recorders or computers with monitor screens.

instrument that uses a display device with a range less than the linear operating range s
strument documentation, shall describe a means to test the linearity beyond the limits o

ne instrument

o display the
. Where the

ying factors are used, this shall be clearly indicated on the instrumentyand the instrument shall be

ment shall be

shall describe
y device. The
erface.

blternative device for displaying the signal(value, stated in the instrument documentation as conforming

nt. Each such
performance
Examples of

ecified in 5.7,
the indicator

range

5.2.2 | Resolution and refresh rate

The d
of 19

splay device(s) specified in the instrument documentation shall permit measurements with a resolution

of thetindicated value, or better.

If an ipstrument only has an analog, or simulated analog, display device that provides a continugus indication,
the dispray shall be a fogarithmic dispray of the vibration value. The range of the anatog dispiay device shall
include a display of at least 2 decades, with each decade being at least 10 mm wide. 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
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such modes shall be explained in the instrument documentation. The instrument documentation shall state
which modes conform to the specifications of this International Standard and which do not conform.

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 instrument.

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

The time bet‘v Ol A UoTl ;I I;t;at;l Iy A TTITOCAOUrT CITieT It dl ICII thU otart Uf that MMreAdour ITmel It Oha” bU LAY sant r than
0,5s.
NOTE This may require an initialization procedure, particularly for low-frequency whole-body vibrationi,an opgrating

phase prior to| measurement initiation that ensures that the instrument has settled following the end of a ptevious
measurement.

Prior to a measurement result being available, the instrument display shall clearly indicate whether a
measuremen{ is in progress, or whether an initialization stage is underway.

5.3 Electrical output

If an a.c. eleftrical output is provided, the instrument documentation.shall state the characteristics |of the
output signalg. The characteristics shall include

— the rangg of peak-to-peak voltages, which shall be not less than 1 V peak-to-peak,
— the internjal electrical impedance at the output,

— the mininjum load impedance, and

— the frequency weightings applied to the output signals.

Connection of passive impedance without stored electrical energy, including a short circuit, to the eldctrical
output shall npt affect any measurement in“progress by more than 2 %.

5.4 Vibration sensitivity

The instrument documentation shall specify at least one model of vibration field calibrator as a means to
check and maintain the mechanical sensitivity of the human-vibration instrument. The vibration field cal(brator
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 International Standard by application of the sp¢cified
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.

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 International Standard and after applying adjustments described in 5.4 and after
the specified stabilization time interval has elapsed.
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Table 2 — Tolerances of indication at reference frequency and vibration value

Parameter Tolerance

+4 % for hand-
transmitted and

whole-body
Tolerance of indication at the reference frequency under reference environmental vibration
conditions
+5% for low-frequency
whole-body
vibration
The difference between the indicated value of any frequency-weighted measurement
quant|ty and the indicated value of the corresponding band-limiting measurement “d o
multiplied by the appropriate weighting factor (for a steady sinusoidal input vibration signal o
at the|reference frequency and reference vibration value)
The (dlifference between the indication of the running r.m.s. vibration value with a
band-|imiting frequency weighting, and the indication of the band-limiting frequency-
weighted vibration value with the linear time-averaged r.m.s. value over any measurement +2%

time [for a steady sinusoidal input vibration signal at the reference frequency_ fand
reference vibration value)

5.6 |Frequency weightings and frequency responses

5.6.1 | Parameters
A hunpan vibration meter shall have one or more of the frequency weighting or weightings listed in Table 1,

includjng the appropriate band-limiting weightings. The' frequency weightings are defined by Equations (8) to
(12) ahd the parameters given in Table 3.

Table 3 — Parameters and-transfer functions of the frequency weightings

Band-limiting a-v-transition Upward step Gain
Weighting | /; 01 f2 02 f3 Ja Os | S5 Os | fo | O K
Hz Hz Hz Hz Hz Hz

M, 04 |12 | 100 | 1/42 16 16 055| 25 | 09| 4 |095]| 1,024
W, 04 | 1/J2=[\100 | 1/42 8 8 063| o 1 o 1 1
My 04 | 1827 100 |[1/42 2 2 063 | 1 0 1 1
8 04 PAV2 | 100 |1/42 1 1 063| o 1 o 1 1
8 0,08/| 1/4/2 | 0,63 |1/42 ® 0,25 0,86 |0,0625| 0,80 | 0,10 [ 0,80 | 1
/8 10810 [ 1//2 [103110] 1/2 |  100/(2n) 100/(2r) 064 | o 1 o 1 1
W 04 [1/2| 100 |1/42 ® o 1 3,75 [ 0,91 |5,32]0,91 1
Wi 04 [1/2| 100 |1/:2 12,5 12,5 063 | 237 |091(335[091| 1
Wen 10701 [ 1/4/2 | 100 |1/+/2 |1/(0,028 x 2m) | 1/(0,028 x 2%) | 0,5 o 1 o 1 1

NOTE 1 For weighting W}, Table A.1 of ISO 2631-4:2001 rounds the value of parameter Q4 to 2 decimal places. The
parameter specified here is the exact value.

NOTE 2  For weighting W, Table A.1 of ISO 5349-1:2001 rounds the values of parameters fi, 15, f3 and f; to 5
significant figures and parameter Q¢ to 2 decimal places. The parameters specified here are the exact values.

The angular frequencies ay, ..., wg (given by o, = 2nf; where f; are the frequencies f;, ..., fz in Table 3) and the
resonant quality factors Q4, 0,, O4, O5 and Qg are parameters of the transfer functions in Equations (8) to (12)
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.
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5.6.2 Band-limiting filter
The band-limiting element is a combination of high- and low-pass second-order Butterworth filter
characteristics. These components are defined as follows:

a) High pass

b)

+

2
S N
+ -
007 (0)2]

The product H 1, (s) x 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

[ J
0)3

2
N N
+ -
0404 (WJ

nigher

(10)

1{t(s)

[+

NOTE

Hy

) =1 when both f3 and f; (w3 and w4 ) equal infinity.

5.6.4 Upward-step filter

The upward-s

tep filter has a steepness of approximately 6 dB per octave and is proportional to jerk:

2

1+ 0 5oL (SJ 2

o w
Hg(s)= 575 \T5) | 45 (11)

s s {06

1+ +|—

Oswe | @8
NOTE H(s) = 1 when-both f5 and f5 (w5 and wg ) equal infinity.

5.6.5 OverTI frequency weighting

The overall frequency weighting function for each weighfing 77, is a product of band-limiting, a-v transition and
upward-step filters, i.e.:

H(s):Hh(s)xH|(s)><Ht(s)xHS(s) (12)

The most common interpretation of these equations is in the frequency domain, where they describe the
modulus (magnitude) and phase of the frequency weightings as functions of the imaginary angular frequency:
s = j2nf.

NOTE 1
NOTE 2

Sometimes the letter p is used instead of s.

s may be interpreted as the variable of the Laplace transform.

The tables and weighting curves given in Annex B illustrate the magnitude and phase of the frequency
weightings defined by Equations (8) to (12) and Table 3, as functions of frequency f.
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If a human-vibration meter provides one or more optional frequency responses, the instrument documentation
shall state the design-goal frequency response and the tolerance limits that are maintained around the design
goal(s). If an optional frequency response is specified in an International Standard, the design-goal frequency

respo

nse shall be as specified in that International Standard.

The filters defined by Table 3 and Equations (8) to (12) may be realised by combinations of simple analog
filters. Annex C provides example of how the frequency weightings may be realised digitally in the time and
frequency domains.

5.6.6

The tet

Tolerances

Thao taol

TTTC—tOoT

abloac
ToTCS

ac HW)

nnnnnnnnnnnnnnnn achall _ ba SR 4—aond 5 o
St oCTasS—grver—T—t oo =

ance limits in

Table
range

The p
avera
the er

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

hase response of vibration instrumentation is critical to measured parametersynot based
je value, e.g. peak, MTVV and VDV. The phase response is given by Equations (8) to

measurement
ement.

on the r.m.s.
12). However

Fors in measurement due to errors in the phase response are dependent on ‘the rate of change in phase

error with frequency, rather than the absolute phase error itself. For this-reason, the phas¢ response is
assesped using the characteristic phase deviation (A¢g), defined as
SnA@y 41 _fn+1A¢’n|
Apg = (13)
‘ fn +17 fn |
where
f, is the centre frequency at one-third-octave band number #;
Aop, is the phase error at frequency carresponding to one-third-octave band number x.
Table 4 — Transition-frequencies for frequency weighting tolerances
L Tolerance transition frequencies (Hz)
Weighting
J J2 Jis Jia
10—6/10 10—2/10 1018/10 1022/10
7o (0,2512) (0,631) (63,1) (158,5)
10—6/10 10—2/10 1018/10 1022/10
We (0,2512) (0,631) (63,1) (158,5)
10—6/10 10—2/10 1018/10 1022/10
Wa (0,2512) (0,631) (63,1) (158,5)
10—6/10 10—2/10 1018/10 1022/10
We (0.2512) (0.631) (631) (158 5)
10—13/10 10—9/10 10—4/10 100/10
i (0,05012) (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
P (0,2512) (0,631) (63,1) (158,5)
10—3/10 101/10 1018/10 1022/10
Wm (0,5012) (1,259) (63,1) (158,5)
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Table 5 — Tolerances on frequency weightings

Frequency, /' Magnitude tolerance Ct;ara.ct?ristic phase
eviationa, Agg
S< +26 %, -100 % +00
Ju <Sf<fe +26 %, -21% +12°
fo<f<fs +12%, -11% +6°
Ja <f<la +26 %, -21% +12°
Ta <7 T26 %, —T00 % T©
a | Characteristic phase deviation tolerances only apply to instruments that provide measurement parameters
that|are not based on r.m.s. values.

5.7 Amplifude linearity

Over the enti
vibration valu
range of thg
specifications
parameters.

‘e measurement range, the indicated signal value shall be a lineaf<function of the mech
e at the vibration transducer. This design goal applies at any frequency within the freq
instrument at any frequency weighting or frequency response provided. The lix
apply to the whole instrument, including the transducér,vand to all measured vik

Over the full ¢xtent of all the measurement ranges, the linearity ertor shall not exceed 6 % of the input

On the refere
least 60 dB.

NOTE Fo
vibration signal

The instrume
exceed 6 %
signals at any

hce measurement range and at the reference frequency, the linear operating range shal

hand-arm vibration, a greater linearity range may be necessary for the measurement of highly im
5.

nt documentation shall state the range of vibration values within which the linearity error do
ithout indication of under-range, or overload. This requirement applies for steady siny
frequency in the nominal frequency range.

For instruments with multiple and manually selected measurement ranges, the overlap of vibration

indicated on &
For each mes

be measured
ranges.

5.8

djacent measurement\ranges shall be at least 40 dB.

surement range;\the instrument documentation shall state the range of vibration values th
without undér-range or overload, i.e. the lower and upper boundaries of the linear ops

Instrument'\noise

anical
uency
earity
ration

value.
be at

bactive

es not
soidal

alues

at can
rating

For time-av

(' R | a1 4 41 : + + ! e [T fmrde 41
aytu ITrequeTtiCy=weiygricu  viurdatort,  Uuic TSt utTier it UUCUTTICTIatiur  shidit statc U1

ypical

indications that will be observed on the display device when the vibration transducer of the instrument is fitted
to a non-vibrating object that does not add significantly to the indications. The indications shall correspond to
the total inherent noise from the combination of the recommended vibration transducer(s) and the other
components in the human-vibration meter, at least for reference environmental conditions.

5.9 Signal

-burst response

The specification of human-vibration instruments for the response to signal bursts is given in terms of the
response to saw-tooth signals at the reference frequency.

14
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The saw-tooth test signal is illustrated in Figure 2. The tests are carried out using saw-tooth burst with the
characteristics given in Table 6. The responses given in Tables 7 to 9 are relative to a 1 m/s2 amplitude signal
and shall be multiplied by the amplitude of the actual test signal.

NOTE 1 The response to the saw-tooth signal burst is determined by digital simulation of the filter characteristics.

NOTE 2 The saw-tooth wave shape has been chosen to ensure that the signal burst contains combinations of
frequencies with known phase relationships. The saw-tooth burst test therefore ensures that the relative phase response
of the frequency weighting at different frequencies is tested.

1 / 1 /A 1 /A
2 3
L
Key
1 amplitude
2 starttime
3 repeattime
4  duration
Figure 2 — Saw-tooth burst test signal (2 cycle bursts illustrated)
Table 6 — Saw-tooth signal burst test signal characteristics
Angular Start Numb Repeat time | Duration
Application Weighting frequency time umber
of cycles
rad/s s s S
Hand-arm Wh 500 (79,58 Hz) 0,2 2 12
Whole-body Wo, We, Wy, We, W;, Wi, Wi | 100 (15,915 Hz) 1 1é§é 1’68 10 60
Low-ffequency whole-body Ws 2,5(0,3979 Hz) 40 400 2400
Table 7,~~'Saw-tooth signal burst response for hand-arm vibration instruments
Weighting Number of saw-tooth r.m.s. Tolerance %
cycles per burst
1 0,0448 10
2 0.0633 10
N 4 0,0895 10
Band limiting
8 0,127 10
16 0,179 10
Continuous 0,565 10
1 0,0103 10
2 0,0133 10
4 0,0168 10
Wh
8 0,0224 10
16 0,0309 10
Continuous 0,0946 10
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Table 8 — Saw-tooth signal burst response for whole-body vibration instruments

Number of
Weighting saw-tooth rm.s. Tolerance VDV Tolerance MTW Tolerance| MTVV (Tolerance
cycles per % % linear % exp %
burst

1 0,0433 10 0,498 12 0,137 10 0,135 10
2 0,0612 10 0,593 12 0,193 10 0,188 10
Band limiting 4 0,0865 10 0,705 12 0,274 10 0,258 10
8 0,122 10 0,838 12 0,387 10 0,344 10
16 0,173 10 0,996 12 0,547 10 0,437 10
Continuous. n,u/m 10 1’77 12 n’F\A7 10 n,RAQ 0
1 0,0314 10 0,342 12 0,0991 10 0,0968 0
2 0,0435 10 0,403 12 0,137 10 0,132 0
", 4 0,0614 10 0,482 12 0,194 10 0,182 0
8 0,0867 10 0,575 12 0,274 10 0,243 0
16 0,123 10 0,685 12 0,387 10 0,309 0
Continuous | 0,387 10 1,22 12 0,388 10 0,388 0
1 0,0222 10 0,244 12 0,0703 10 0,0684 0
2 0,0292 10 0,275 12 0,0923 10 0,0885 0
w, 4 0,0397 10 0,318 12 0,126 10 0,117 0
8 0,055 10 0,374 12 0,174 10 0,153 0
16 0,077 10 0,445 12 0,243 10 0,192 0
Continuous 0,24 10 0,788 12 0,243 10 0,242 0
1 0,00669 10 0,0779 12 0,0212 10 0,0197 0
2 0,00906 10 0,0852 12 0,0286 10 0,0264 0
W, 4 0,0116 10 0,0923 12 0,0366 10 0,033 0
8 0,0148 10 0,101 12 0,0469 10 0,04 0
16 0,0197 10 0,115 12 0,0611 10 0,0481 0
Continuous | 0,059 10 0;197 12 0,0611 10 0,0594 0
1 0,00342 10 0,0409 12 0,0108 10 0,00992 0
2 0,00478 10 0,0452 12 0,0151 10 0,0135 0
W, 4 0,00637 10 0,0493 12 0,0201 10 0,0176 0
8 0,00816 10 0,0535 12 0,0255 10 0,0214 0
16 0,0102 10 0,0592 12 0,0311 10 0,0244 0
Continuous | 0,0295 10 0,0987 12 0,0311 10 0,0297 0
1 0,0435 10 0,517 12 0,138 10 0,135 0
2 0,0616 10 0,609 12 0,195 10 0,189 0
W 4 0,0874 10 0,723 12 0,277 10 0,261 0
! 8 0,124 10 0,859 12 0,392 10 0,349 0
16 0,175 10 1,02 12 0,554 10 0,443 0
Continuous | 0,554 10 1,81 12 0,555 10 0,557 0
1 0,0299 10 0,323 12 0,0944 10 0,0922 10
2 0,0411 10 0,38 12 0,13 10 0,125 10
W 4 0,0577 10 0,455 12 0,182 10 0,171 10
8 0,0814 10 0,543 12 0,257 10 0,228 10
16 0,115 10 0,648 12 0,363 10 0,289 10
Continuous | 0,362 10 1,15 12 0,364 10 0,363 10
1 0,0149 10 0,165 12 0,0472 10 0,0456 10
2 0,0197 10 0,185 12 0,0623 10 0,0594 10
W 4 0,0264 10 0,211 12 0,0836 10 0,0775 10
8 0,0363 10 0,247 12 0,115 10 0,101 10
16 0,0507 10 0,294 12 0,16 10 0,126 10
Continuous | 0,158 10 0,52 12 0,16 10 0,159 10
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Table 9 — Saw-tooth signal burst response for low-frequency whole-body vibration instruments

Number of
Weighting saw-tooth cycles r.m.s. Tolerance % MSDV Tolerance %
per burst
1 0,0341 10 1,671 10
2 0,0487 10 2,386 10
4 0,069 10 3,38 10
Band limiting
8 0,0982 10 4,811 10
119) 0,139 1Y} 0,51 10
Continuous 0,439 10 21,51 10
1 0,0197 10 0,9651 10
2 0,0236 10 1,156 10
p 4 0,0304 10 1,489 10
f
8 0,0416 10 2,038 10
16 0,0571 10 2,797 10
Continuous 0,176 10 8,622 10

5.10 [Overload indication

The hpman-vibration meter shall have an overload indicator that shall be operative for each applicable display
and shall be capable of detecting overloads at all~eritical points in the vibration signal path. Oyerloading the
transducer shall be avoided by appropriate means (e.g. selection of suitable transducer for| the intended
measlirement, electrical overload detectors jngorporated into the transducer, use of mechanical fjlter).

Overlgad shall be indicated before the ‘telerance limits for linearity or signal-burst response tplerances are
exceeded for increasing signal valués above the specified upper boundary. This requirement applies for any
frequgncy within the nominal frequency range.

The dverload indicator shall operate for both positive and negative one-half-cycle signals. The difference

igation shall be

ement results
idration values,

the overload

g g
indicator shall remain on while the overload condition eX|sts and for any period during which the overload
condition affects the displayed measurement (a period equivalent to the integration time for linear running
r.m.s. acceleration values or twice the integration time for exponential averaging). Following the overload, the
indicator shall remain on for a further 1s for hand-arm vibration, 8 s for whole-body and low-frequency
whole-body applications.

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

© 1SO 2005 - All rights reserved
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5.11 Under-range indication

If the time-weighted human vibration or time-averaged human vibration is less than the lower boundary of the
linear operating range, an under-range indication shall operate before the tolerance limits on linearity are
exceeded. The under-range indication shall remain on as long as the under-range condition exists or affects
the displayed measurement. The minimum time for indication is 1 s for hand-arm vibration, 8 s for whole-body
and low-frequency whole-body applications.

5.12 Time averaging

The instrument shall allow the measurement duration of the time-averaged weighted acceleration value to be
selected or cqniralled by the user

5.13 Running r.m.s. acceleration

For instruments that provide the running r.m.s. acceleration, the time constant shall be checked. A steady
reference frequency sinusoidal electrical signal shall be applied to the input and then suddenly shut off. Before
being shut off, the steady signal shall be applied for a period of at least five times the integration time for{linear
time averaging or for 20 times the integration time for exponential time averaging. See-Annex D for defails of
linear and exgonential running r.m.s. time averaging.

The indicated| output signal value shall reduce at the rates specified in Table<10 for linear time averaging and
Table 11 for gxponential time averaging (if available). The decay rate shali’be measured from the start|of the
decay to the {ime at which the indicated value is less than 10 % of the.initial value. This requirement gpplies
for the reference measurement range.

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 7,92+0,2

Table 11 —(Time-weighting decay rates, exponential time averaging

Time constant Time to 10 % of original signal value Equivalent decay rate
s s dB/s
0425 0,58 + 0,03 311040
1 4,61+0,25 3.8t04,9
8 36,8+2 0,48 t0 0,62

5.14 Reset

For all frequency weightings provided, instruments intended for the measurement of time-averaged human
vibration, maximum transient vibration value and vibration dose value shall contain a facility to clear the
data-storage device and reinitiate a measurement. The instrument documentation shall state whether the
reset facility clears the overload indication. The instrument documentation also shall describe the operation of
the reset facility and state the nominal delay time between the operation of a manual or remote reset facility
and the initiation of a measurement.

Use of a reset facility shall not give rise to spurious indications on the display device(s).
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5.15 Timing facilities

An instrument that measures time-averaged human vibration shall display the duration of the time elapsed
since the start of integration. The capability to preset an integration time interval in 1 s increments may also be
provided.

The tolerance limit for the indicated elapsed time is 0,1 %. The resolution of the display of elapsed time shall
be 1 s or better.

The instrument documentation shall state the minimum and the maximum integration times for the
measurement of time-averaged vibration values for any signal value within the range of a display device.

5.16 [Electrical cross-talk

Wher¢ an instrument provides simultaneous signal inputs for more than one axis (or ‘channel) of vibration,

then the response on any one channel to a signal on any of the other input channels|'shall be legs than 0,5 %
of thelinput signal magnitude.

5.17 \Vibration transducer characteristics

Vibratjon transducer characteristics shall be selected according to the¢measurement application| see Annex E
for additional guidance.

5.18 [Power supply
For battery-powered instruments, an indication shall be provided to confirm that the power supp
to opgrate the instrument within the specifications of this International Standard. A check of the
condijon shall not disturb any measurements that are_underway.

ly is sufficient
power supply

When| a vibration calibration signal is applied te-the vibration transducer, the change in the in
value [shall not exceed 3 % when the supply,Vvoltage to operate the vibration instrument is red
nominal value to the minimum voltage specified in the instrument documentation.

Hicated signal
iced from the

recommend
der reference

If intgrnal batteries power the human-vibration meter, the instrument documentation shal
acceptable battery types and state)the corresponding continuous instrument operating time, un
envirgnmental conditions, to be.expected when full-capacity batteries are installed.

For battery-powered instruments designed to be able to measure vibration values over duration
the npminal battery life,) the instrument documentation shall describe suitable means for
instrument from an“external power supply, including specifications for acceptable voltage ran

s that exceed
pperating the
ge and ripple

content (includingihigh-frequency spikes) of the supply.

If a specific mechanical filter, mounting system or cable is required, or supplied, the instrument documentation
shall state that the instrument conforms to the applicable frequency-weighting specifications only when the
specified devices are installed.

The mounting methods provided with the instrument, or recommended for use, shall comply with the general
requirements of ISO 5348. Guidance for testing mounting systems can be found in Annex F.

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

7.1 General

All specifications for the sensitivity to various operating environments apply to, and are relative to, the
mechanical sensitivity under the reference environmental conditions and at the calibration check frequency.
The instrument documentation shall state the typical time interval that is required for the vibration meter to
stabilize after changes in environmental conditions.

One-off vibration instruments may have a restricted range of environmental application; where such a

restricted range applies, this shall be stated in the instrument documentation.

NOTE On
elements, with
manufacturer’'s

7.2 Air ten

The influence
temperatures
shall be no m

The specifica
those compor

b-off systems are systems made up of separate signal processing, analysis (recording) and
each element of the system having been pattern evaluated in accordance with appropriate standard
specifications.

nperature

of variations in air temperature on the mechanical sensitivity is specified over the range
from —10 °C to 50 °C. The influence of variations in air temperature, on the vibration sen
pre than + 5 % over the specified temperature ranges.

ion for the influence of variations in air temperature applies{o a complete vibration mete
ents of a vibration meter that may be exposed routinely tolarge variations in air temperatu

For those components of a vibration meter designated in the instrument documentation as intended

located in an
5°Cto30°C

Over the rang
the linear ops
in5.7.

environmentally controlled enclosure (e.g. indoors),"the temperature range may be restrig
The restricted range of temperature does not apply to a complete vibration meter.

Hisplay
s or to

of air
Sitivity

r or to
re.

to be
ted to

es of air temperature specified, the linearity error at the reference frequency and the ex{ent of

rating range on the reference measurement range shall remain within the tolerance limits

7.3 Surfa

e temperature

The influence of variations in measurement surface temperature on the vibration sensitivity is specifie
the range of qurface temperatures_ftom —10 °C to 50 °C. The influence of variations in surface temperat
the vibration gensitivity shall be_ ng-more than + 4 % over the specified temperature range.

The specification for the influence of variations in surface temperature applies to the accelerometer,
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 frequend
the extent of thelinear operating range on the reference measurement range shall remain within the tolg
limits given in| 52

given

1 over
iIre on

cables

y and
rance

7.4 Electrostatic discharge

The influence of electrostatic discharges on the operation of a vibration meter, or applicable components of a
vibration meter system, shall be reduced as far as is practicable.

A vibration meter shall continue to operate as intended after exposure to a contact discharge of electrostatic
voltage of up to £ 4 kV or to an air discharge of electrostatic voltage of up to + 8 kV. The polarity of the
electrostatic voltage is relative to earth ground.

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

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

If the human-vibration meter allows the connection of interface or interconnection cables, the instrument
documentation shall recommend typical cable lengths and shall describe the nature of all devices to which the
cables may be attached.

The Igvel of the radio-frequency electric field strength emitted by the instrument’s enclosure.gorts shall not
exceed 30 dB (relative to 1 yV/m) for frequencies from 30 MHz to 230 MHz, and shall not\exceed 37 dB for

frequs
mode
radio-

The m

average voltage limits given in Table 12 at an a.c. power port. If the vibratiofinstrument confor
on the average voltage of conducted disturbance when using a quasi-peak measuring

ncies above 230 MHz and up to 1 GHz. The instrument documentation shall state
s) of the instrument, and any connecting devices, which produce the hgreatest
requency fields.

aximum disturbance conducted to the public supply of electric power shall\be within the q

the operating
emission of

lasi-peak and
ms to the limit
device, the

humap-vibration meter shall be deemed to conform to both the quasi-peak-and average voltage ljmits.

Table 12 — Limits for conducted disturbance to the voltage of a public supply of electfic power
Frequency range Limits on.voltage level of disturbance
MHz dB (re 1 pVv)
Quasi-peak Average
0,15 to 0,50 66 to 56 56 to 46
0,50t0 5 56 46
5to 30 60 50
NOTE 1 See CISPR 16-1=1 for characteristics of quasi-peak-measuring receivers.
NOTE 2  The lowerlimits of voltage level apply at the transition frequencies.
NOTE 3  Thervoltage level limits decrease linearly with the logarithm of the frequency in

the range from.0;15 MHz to 0,50 MHz.

7.6 [Immunitytoera.c. power-frequency fields and radio-frequency fields

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

Immunity to a.c. power-frequency fields applies to exposure to a uniform root-mean-square magnetic field
strength of 80 A/m at frequencies of 50 Hz and 60 Hz. The uniformity of the magnetic field strength is
established before immersion of the vibration meter. The orientation of the vibration meter in the field shall be
that specified in the instrument documentation for maximum sensitivity to a.c. power-frequency fields.

Immunity to radio-frequency fields applies over the carrier frequencies range from 26 MHz to 1 GHz, with the
signal at the carrier frequency of the radio-frequency field amplitude modulated by a sinusoidal signal at the
reference frequency (or frequencies) appropriate to the application of the instrument to a depth of 80 %. When
unmodulated and in the absence of a vibration meter, the radio-frequency field shall have a uniform
root-mean-square electric field strength of 10 V/m.
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NOTE The instrument documentation may state that the vibration meter conforms to the specifications of this
International Standard at an unmodulated root-mean-square electric field strength greater than 10 V/m.

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

For meters with an a.c input power port or an a.c. output power port, immunity to radio-frequency
common-mode interference applies over the frequency range from 0,15 MHz to 80 MHz.

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

7.7 Ingresp of water and dust

The vibration meter shall be capable of resisting ingress of water and dust. The manufacturer.shall speg
IP rating of the instrument. The instrument’s IP rating shall be suited to the plannedyapplication
human-vibration exposure assessments in factories might require a rating of IP.65" measureme
laboratory conpditions may only require a rating of IP 42).

ify the

(e.g.
nts in

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

8 Provisipn for use with auxiliary devices

en the
rovide

If an optional
acceleromete

extension cable provided by the manufacturer of the.vibration meter can be placed betwe
r and the other components of a vibration meter,“the instrument documentation shall p|

details of any

The instrume
manufacturer

resulting from
and mechaniq
frequency res|

The instrume

by this Interna

If connection

connections

signals.

The instrume

corrections to be applied to the results of measurements made in this manner.

nt documentation shall provide data on thecnominal effect of optional accessories supplied
of the vibration meter. The data shall.apply to all relevant characteristics of the vibration
installation of the accessories. Optiénal accessories include accelerometer mounting d
al filters. The instrument documentation shall provide data on the typical effect on sensitivi
ponses.

nt documentation shall state-whether the vibration meter conforms to the specifications re
tional Standard when the optional accessory is installed.

5 are provided for.external filters, the instrument documentation shall describe ho
hall be made @nd” how the instrument is to be used to measure externally filtered vili

nt documentation shall provide details regarding the connection of auxiliary devices to a vil

by the
meter
Bvices
ty and

quired

w the
ration

ration

meter and th
devices inclug

b effécts, if any, of such devices on the electrical characteristics of the instrument. Al
e-printers, computers and tape recorders.

xiliary

9 Instrument marking

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

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

Instrument documentation shall be supplied with each vibration meter or equivalent instrument that conforms
to the specifications of this International Standard.

If the instrument consists of several separate components, instrument documentation shall be available for the
combination that forms the complete vibration meter. The instrument documentation shall describe all
necessary components as well as their mutual influence.

All instrument specifications shall be given in Sl units.

11 T
Threg
a) P
in
n
S
b) P
c) In
fu
b
The t
to 10.

esting and calibration

levels of performance testing are defined in this International Standard.

attern evaluation (targeted at manufacturers): A full set of tests, to be performed on s
strument type. Pattern evaluation may be used for product type-testing or pattern approv
easuring instruments. The objective of these tests is to demonstrate an instrument design
pecifications defined in this International Standard.

eriodic verification (targeted at manufacturers and users).*An intermediate set of tests to be

- periodically (e.g. prior to, or at the time of purchase, and every 1 or 2 years thereafter
the performance remains within the specifications of this International Standard,

- to demonstrate that one-off instrument_systems comply with the requirements of this
Standard, and

- following modification or repair that may affect the performance of the instrument.
-situ check (targeted at users): A minimum level of testing, indicating that an instrument
nctioning within the required performance specification. These tests shall be carried ou

bfore and after measurements are made.

psts are designed-to assess the performance characteristics and specifications defined
Table 13 shows, the relationship between the specifications and associated test clauses.

( apply to the

amples of an
al of vibration
can meet the

b performed

to verify that

International

is likely to be

t immediately

in Clauses 5
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Table 13 — Summary of performance characteristics and test requirements

Specification Test type Test clause
Clause Characteristic Electrical | Mechanical e\raua;fxt:tl}r;n Vetgfsi::i?‘gon Ié;:g:
5.1 General characteristics 12.5 13.5 14.2
5.2 Display of signal magnitude 12.5 13.5
5.3 Electrical output ° 12.17
5.4 Vibration sensitivity ° 12.7 13.7 14.3
5.5 Accuracy of indication at referen.c.e . 45 437
frequency under reference conditions
56 Frgquency weightings and frequency o o 12.11 13.10
regponses Annex H Annex H
5.7 Anpplitude linearity ° ° 12.10 18.9
5.8 Ingtrument noise ° 12.12 1+3.11
5.9 Signal-burst response ° 12.13 13.12
510 |Owverload indication . . 1210571 439, 13.12
12714
511 Under-range indication ° ° 12.10 13.9
5.12 Time averaging ) 12.13 12.12
5.13 Running r.m.s. acceleration ° 12.13 13.12
5.14 Refset 12.15 13.14
5.15 Timing facilities 12.18
5.16 Elgctrical cross-talk ° 12.8 13.8
5.2 Combined axis outputs [ 12.16
(Ar?r.llz E) Vilyration transducer characteristics ° 12.9
5.18 Power supply 12.19
6 Mqunting Annex F
7 cI?r?:/ai;i(;nmental and electromagnetic 12.20
Provision for use with auXiliary devices ° 12.5,12.17 13.5
Ingtrument marking 12.4 13.4
10 Ingtrument docundientation 124 134
12 Pattern evaluation

12.1 Introduction

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

Conformance to a specification of this International Standard is demonstrated when the result of a
measurement of a deviation from a design goal, extended by the actual expanded uncertainty of
measurement of the testing laboratory, lies fully within the specified tolerance limits.

Uncertainties of measurement shall be determined in accordance with the GUM. The actual expanded
uncertainties shall be calculated by the testing laboratory, with a coverage factor of no less than two.
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The expanded uncertainties of measurement given in this clause are the maximum permitted for
demonstration of conformance, under this clause, to the specifications of this International Standard. Testing
laboratories shall not perform tests to demonstrate conformance to the specifications of this International
Standard if their actual expanded uncertainties of measurement exceed the maximum permitted values.

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

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

12.2 Festingregtirements

Thosq instruments used for pattern evaluation that affect the uncertainty of test outplts-'sHall hold 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:
NOTE(1 Currently, the published parts of ISO 16063 do not provide for calibration below 0,4 Hz.

The epvironmental conditions prevailing at the time of a test shall be\within the following ranges:

|
o

r temperature: 20°C to 26°C;

— r¢lative humidity: 10 % to 75 % (non-condensing).

The tqtal distortion, d, for sinusoidal mechanical vibration test inputs shall be no greater than 5 %.

The tqtal distortion, d, for sinusoidal electrical test-inputs shall be no greater than 0,1 %.

NOTE[2  Total distortion, d, expressed as a-percentage, is defined in ISO 2041 as:

) IR (14)
aj

where

a] is the r.m.s. acceleration at the driving frequency;

Lt is the totallband-limited r.m.s. acceleration (including ay).

)

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.

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

It shall be confirmed that the instrument is marked according to the specifications of Clause 9.

Before conducting any tests, it shall be confirmed that the instrument documentation contains all the
information required by Clause 10, appropriate to the facilities provided by the vibration meter. After

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

tory facilities and general requirements

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

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

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

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

installed.

If the instrum
demonstrate

12.6 Initial

Before condu
by the manuf

controls operated to ensure they are in working order.

The procedur
instrument at
documentatio|

value under rg¢ference environmental conditions.

12.7 Indica

The error in {
be determine
corresponding
same measul

The error ¢ 0
measurement

a
g = test
a

The referenc
generated at
magnitude wi
measurement
duration of n

tonformance to the performance specifications of this International Standard.

nstrument preparation

Cting any tests, the instrument shall be given a power supply within the operating limits sp
acturer. The instrument, transducer and vibration calibrator shall be vistally inspected 3

e given in the instrument documentation shall be followed tosset the vibration sensitivity
the calibration check frequency. Any adjustments required(by“5.4 and given in the instr
h shall be applied to adjust the sensitivity of the vibrationimeter to display the correct vil

ion at the reference frequency under reference conditions

he indication of the reference acceleration value at the reference frequency (see Table 1
d from the difference between the vibration value displayed by the instrument an

vibration value measured by an appropriately calibrated reference vibration transducer
ement point.

the test measurement 4, istexpressed as a percentage of the reference vibration trans
Apefy 1.€.1
refs

— ref 100 %
ref

b vibration transducer shall be used to measure the value of the mechanical vibration
the referencge vibration value and at the reference frequency, before measuring the vik
h the vibration meter. For these measurements, the vibration meter shall be set to the refg
range,-band-limiting frequency-weighting and linear time averaging and with a measur
p _less' than 30 s for hand-arm vibration, 1 min for whole-body, and 5 min for low-freq

whole-body

ent does not satisfy the requirements listed in this clause, tests shall not be perfornhed to

beified
nd all

of the
ument
ration

shall
d the
at the

ducer

(15)

input
ration
rence
ement
uency

plications. The value of the input signal plus background noise shall be at least 10 tim

ps the

value of the b

ackground noise.

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

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

expan

ded uncertainties of measurement are 2 %.

For an 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 vibration
meter set to band-limiting frequency weighting. With the same input signal, the indicated vibration values on

each

ime weighting shall equal the indicated reference vibration value within the tolerance lim

ts of Table 2.

The m

12.8

For in

aximum expanded uncertainties of measurement are 2 %.

Electrical cross-talk

struments with more than one measurement channel (e.g. triaxial measurement instrumen

be cafried out of the electrical interference between the channels.

All ch
chann
substi
The o

The o

12.9

The
relevd

12.10

12.10

The €
signal
time-&

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

fute impedances. The amplitude of the test signal shall be withindhe upper 5 dB of the ref
Litput of all channels shall be monitored during the tests.

Litput from all channels shall not exceed the requirements.of 5.16.

Vibration transducer

ibration transducer characteristics (Annex E)“of the accelerometer shall be tested acg
nt parts of ISO 5347 and ISO 16063.

Amplitude linearity and under:range indication

1 Electrical tests of amplitude linearity

ectrical tests of amplitude-linearity of an instrument shall be carried out with steady sinusg

5 at the frequencies,indicated in Table 14. Amplitude linearity shall be tested with the ins
veraged measurement with a band-limiting frequency weighting.

Table 14— Amplitude linearity test frequencies and acceleration value increme

[s), tests shall

plied to each

el in turn at the reference frequency; the inputs to all remaining ‘channels shall be ferminated by

erence range.

ording to the

idal electrical
rument set to

hts

Acceleration increment
Application Test frequencies a
dB
Within 5 dB of overload-and Atallether
Hz under-range values
Hand-arm 8; 80; 800 1 5
Whole-body 1; 4; 16; 63 1 5
Low-frequency 0.2:0.4 1 5
whole-body
a Nominal centre frequencies are shown. The exact one-third-octave band centre frequencies shall be used (e.g.
“8 Hz” represents the band centred on 10910 Hz ~ 7,943 Hz).

© 1SO 2005 - All rights reserved

27


https://standardsiso.com/api/?name=e152ef53ffaf1baf15f949ac8865d1a8

ISO 8041:2005(E)

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

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

On the reference measurement range, the value of the test frequency input signal shall be increased in the
increments specified in Table 14 from the specified lower boundary of this measurement range up to the input
signal value that causes the flrst |nd|cat|on of overload The S|gnal shaII then be decreased in increments
specified in Table j ]
lower bounddry. For each input- S|gnal value the |nd|cat|on on the mstruments dlsplay device and the input
signal value

For each test|frequency input signal value, from the specified lower boundary of the reference.measurgment
range until the first indication of overload, amplitude-linearity errors shall be within the applicable tolgrance
limits of 5.7. [The extent of the reference frequency linear operating range on the reference measurgment
range shall ¢gomply with the linear operating range requirements of 5.7 between_the nominal viljration
magnitudes specified for the upper and lower boundaries. Maximum expanded uncetiainties of measurgment
are 2 %.

Following tests on the reference measurement range, the amplitude linearity shall be tested on any additional
measuremen{ ranges. Tests shall be carried out at the frequencies specified and increments specified in
the starting point down to the lower boundary and up to'the upper boundary specified fof each
measuremen{ range.

On each addjtional measurement range of the vibration instrumient, the amplitude linearity errors shall be
within the applicable tolerance limits of 5.7 over the extentof the linear operating ranges specified |in the
instrument ddcumentation and until the first indications of-overload. The maximum expanded uncertainties of
measuremeni are 2 %.

For instruments that measure time-weighted vibfation 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 Ilnearity at input signals above the top of the indicator display range.

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 3D s for
hand-arm vibfation, 5 min for Ghole-body vibration (this test is not practical for low-frequency wholg-body
vibration). Intg¢gration times.shall be greater than the duration of the tone burst.

On each megsurement range, and for each test frequency, the under-range indicator shall not indicate| when
the indicated fignal value is greater than, or equal to, the specified lower boundary of the measurement fange.
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.

12.10.2 Mechanical tests of amplitude linearity

The mechanical tests of amplitude linearity of an instrument shall be carried out with steady sinusoidal
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
shall be determined as the indication on the display device minus the vibration measured by an appropriately
calibrated reference vibration transducer. The vibration transducers shall be mounted for calibration in
accordance with ISO 16063-21.

At any frequency, the starting point for amplitude-linearity tests on any measurement range shall be the

reference vibration value multiplied by the nominal attenuation factor introduced by the measurement range
control relative to the reference measurement range.
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Tests of amplitude linearity shall begin with signals at the reference frequency applied to the base of the
vibration transducer. The input signal shall be adjusted to display the reference vibration value on the
reference measurement range.

The mechanical amplitude linearity shall be tested over a range of no less than 40 dB.
On the reference measurement range, the value of the test frequency input signal shall be increased in the
increments specified in Table 14 from the specified lower boundary of this measurement range up to the input

signal value that is the lowest of

the first indication of overload on the test instrument,

thle maximum vibration capability of the input device, or

th

e maximum of the linear vibration amplitude range of the reference transducer.

The s
first in|

gnal shall then be decreased in increments specified in Table 14 from the sighal value that caused the

dication of overload down to input signal that is the greatest of

—

r

e specified lower boundary of the test instrument,

the minimum vibration amplitude capability of the input device, or

th

e minimum of the linear vibration amplitude range of the reference transducer.

For eqch input-signal value, the indication on the instrument’s display device and the value me
reference transducer shall be recorded.

asured by the

~

dq

The
establ

mplitude linearity of the laboratory referencé.vibration transducer shall be taken into account when
shing the constant vibration value at different vibration amplitudes.

For edch test frequency input signal value, from the specified lower boundary of the reference measurement

range
limits

range
magn
meas

Follow
meas
Table
meas

until the first indication of overload;*amplitude-linearity errors shall be within the applica
of 5.7. The extent of the reference frequency linear operating range on the reference
shall comply with the linearsoperating range requirements of 5.7 between the noni
tudes specified for the~Upper and lower boundaries. The maximum expanded un
irement are 3 %.

ing tests on the reference measurement range, the amplitude linearity shall be tested on
irement ranges\Fests shall be carried out at the frequencies specified and increment
14 from the starting point down to the lower boundary and up to the upper boundary spe
irement range.

ach additional measurement range, amplitude-linearity errors shall be within the applica
ument

ble tolerance
measurement
inal vibration
certainties of

any additional
5 specified in
ified for each

ble tolerance
ation and until

12.11 Frequency weightings and frequency responses

12.11.1 General

The procedure described here for assessing the frequency weighting and frequency response characteristics
assumes that the vibration instrument does not have an electrical output. If an electrical output is available
and used for the tests, preliminary tests shall be performed to determine the correspondence between the
values of frequency-weighted vibration indicated on the display device and the voltages at the electrical output.
No attempt shall be made to account for linearity errors in any test of frequency weighting.
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For each application (hand-arm, whole-body and low-frequency whole-body) for which frequency weightings
are provided in the vibration instrument, one frequency weighting shall be selected for testing with both
sinusoidal mechanical and electrical signals. Other frequency weightings shall be tested using either
mechanical or electrical signals.

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

The tests of frequency response shall be made in steps of not more than one-third octave across the
frequency ranges specified in Table 15.

Tahle 15 — Test frequencies for mechanical and electrical frequency response tests
L Test one-third-octave-band frequency rangea
Application
Electrical tests Mechanicaltests
Hand-arm 4 Hz to 2 000 Hz 8 Hzto 2 000 Hz
Whole-body 0,25 Hz to 160 Hz 0;5 Hz to 160 Hz
Low-frequency whole-body 0,05 Hzto1Hz 0,4 Hzand 0,5 Hz
a  The range of nominal centre frequencies is shown. The exact one-third“gctave band centre frequencies shall be
used (¢.g. “8 Hz” represents the band centred on 10910 Hz ~ 7,943 Hz).
NOTE Methods for testing the frequency response of the phasevcomponent of the frequency weightings are
given in Annex H.
12.11.2 Mec¢hanical tests of frequency response

The mechanigal frequency response of the vibration instrument shall be determined by comparison with

unweighted a
transducer. T
on the vibra
transducer w
mounted for @

At the refere|
vibration read
unweighted a
tests.

cceleration measurementsymade by an appropriately calibrated laboratory reference vil
he error in frequency response shall be the indication of frequency-weighted acceleration
ion instrument minug~the vibration value measured by the laboratory reference vil
hen multiplied by the “appropriate frequency-weighting factor. The accelerometers sh
alibration in accordance with ISO 16063-21.

hce frequency, the input mechanical vibration shall be adjusted to produce an unwe
ing on the,test instrument 20 dB above the lower limit of the specified linearity range
cceleration”value of this input signal a;, shall be used as a reference input value for subsg

ration
value
ration
all be

ghted
. The
quent

At each test f
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Jin, as

measured by the laboratory reference vibration transducer. The value of the input vibration acceleration and
the indication of the vibration meter ;4 shall be noted at each of the test frequencies defined in Table 15 for
mechanical tests.

The frequency-response error 5(f) at frequency f, is given by

e(f)=a

where w(f) is

ind = @in (/) w(/f)

the frequency-weighting factor at frequency f.

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

30

© ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=e152ef53ffaf1baf15f949ac8865d1a8

ISO 8041:2005(E)

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

The maximum expanded uncertainties of measurement are 4,5 % for all frequencies in the appropriate
nominal frequency range.

NOTE Where separate tests are carried out on the vibration transducer and the electrical part of the vibration
instrument, then the error of the frequency weighting, ¢, at frequency, 1, is given by:

&f) = ef) + (/) (17)
where

& is the error of the vibration transducer response;

& is the error of the electrical part of the instrument.

In both cases, the error combines the apparent error of the measured result &,,, with-the expanded uncertainty of
measyrement, u,, i.e..

d =+Je2 +ud (18)
Annex F provides test information for mounting systems where thes€ are provided with the instrument.

12.11]3 Electrical tests of frequency response
Sinuspidal electrical signals shall be applied to the electricalinput facility of the instrument.

At the|reference frequency f,, the input electrical signal shall be adjusted to produce a band-linjiting vibration
reading on the test instrument 20 dB above the“lower limit of the specified linearity range. [The indicated
frequgncy-weighted value, g;,4, of this input signal'shall be used as a reference value for subseqpient tests.

At eaph test frequency, the input r.m.s: signal value u;, shall be adjusted such that the sgme indicated
frequgncy-weighted value (g;,4) 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 electric component of the frequency response error, ¢, (f) at frequency f, is given by:

Uin (f)

5 (/) (19)

Se(f):aind -

wherd w(f) is thie frequency weighting factor at frequency £, and S is the sensitivity, given by

dz M (20)

nd

At any frequency, the r.m.s. value of the input signal plus instrument noise shall be at least 10 times the r.m.s.
value of the instrument noise.

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

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

For those frequency weightings tested using the mechanical tests, the frequency-weighting error is provided
directly from the test [i.e. ¢(f) in Equation (16)]. For frequency weightings tested only using the electrical test,
the overall frequency weighting error must account for the frequency response of the vibration transducer, &(f).
Values for &y(f) are obtained by subtracting the error ¢(f) from the result of the mechanical test, (/) for the

frequency weighting that has been mechanically tested.

EXAMPLE

An instrument provides two whole-body weightings: Wy and W. Wy is selected for both mechanical and
electrical frequency response testing. The response of the vibration transducer is given by the difference between the
mechanical and electrical test results for Wy. This vibration transducer response is added to the electrical response for ¥y
to give the overall frequency response of the instrument for .

For all availalple frequency weightings, the error of the overall frequency response of the instrument shall be
within the applicable tolerance limits specified in 5.6. The maximum expanded uncertainties of ppeasurement
are 5 % for al| frequencies in the appropriate nominal frequency range.

Other optiongl frequency responses provided shall conform to the design goals and tolefance limits stgted in
the instrument documentation.

12.12 Instrument noise

The typical value of instrument noise shall be determined from the arithméti¢c average of ten measurements

with the vibra
the indicated
For time-ave
hand-arm vib

12.13 Sign

ion transducer of the instrument fitted to a non-vibrating objéect that does not add significa
vibration value. Tests shall be carried out for both time-averaged and time-weighted vib
aged human vibration, the averaging time shall be, stated and shall be at least 1

hl-burst response

ation, 5 min for whole-body vibration, and 30 min forlew-frequency whole-body applications.

ntly to
ration.
in for

[

With the instjument set to the reference measurement-range and the applicable band-limiting weighting, a

steady sinusd
adjusted to o
signal-bursts

The fall time (

of the band-lifniting component of the appropriate frequency weighting, defined in Table 3.

High-frequenc
being affecteq
instrument un

100 £,).

Measurement
factors of 10

idal electrical signal at the frequencyspecified in Table 6 shall be applied and the signal
btain an indication at 50 % of the(specified upper boundary of the linear operating rangs
specified in Table 6 shall then berapplied to all available time and frequency weightings.

f the saw-tooth burst wave'shall be no more than 1/(5£,), where f, is the upper limiting freq

y switching transjents’may be produced when generating the saw-tooth wave. To avoid t
by these, a single<pole low-pass filter may be necessary between the signal generator a
der test. The{eutcoff frequency should be high enough to avoid influencing the test result

s of sighal-burst response shall be repeated with the value of the steady input signal redug

value
2. The

uency

e test
hd the

5 (e.g.

ed by

down 'to an input signal value that gives an indication at least three times greater th

specified lowg

r boundary for the linear operating range.

Tn the

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

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

12.14 Overload indication

Overload indications shall be tested by applying positive and negative one-half-cycle sinusoidal electrical
signals at the reference frequency and the frequencies specified in Table 14. With the instrument set to the
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reference measurement range, band-limited frequency weighting and with a positive one-half-cycle signal, the
signal value shall be increased until the first indication of overload. The process shall be repeated with a
negative one-half-cycle signal. In each case, the lowest input signal value that causes the first indication of
overload shall be recorded. The difference between the two input signal values at which overload is first
indicated shall not exceed the tolerance limits given in 5.10. The maximum expanded uncertainties of

measurement are 2 %.

NOTE

In addition to the required tests at the frequencies specified in this clause, indication of overload may be tested
at other frequencies at the option of the testing laboratory.

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

When
indica
used
in5.1

12.15

time-averaged vibration values or maximum vibration values are being measufed,
for shall latch on when an overload condition occurs, as specified in 5.10. Where the vibr
0 measure time-weighted vibration magnitudes, the overload indication shall be displaye
.

Reset

the overload
ation meter is
i as specified

Wherg¢ provided, it shall be confirmed that operation of the reset facility cancels the previous display indication,

and th

12.16

This
stand
total \

The i
vibrati
to cal
ISO 2
input

The s
invers|

For w
comb

e
lzrd when the combined axis output is displayed (e.g. root-sum-of-squares total vibratiorn

at operation of the reset facility does not give rise to spurious indications on any display de

Combined axis outputs

st ensures that multi-axis inputs are combined._ jn<accordance with the appropriate
DV).
strument shall be set to the reference measurement range. An electrical input signal at
culate a combined axis result in accordance with the appropriate International Standards|
531-1, 1ISO 2631-2 and 1SO 26314);"The input signal shall then be applied simultaneous

channels; the indicated combined axis value shall be equal to the calculated result to within

gnal on one channel shall-be/inverted (i.e. 180° phase change). The indicated value follow
on shall not change by-more that 2 %.

hole-body vibration,\the weightings used for x-, y- and z-axes and the multiplying factor
hing single axis data, are dependent on the application (e.g. health, comfort or perception

vice.

measurement
value or the

the reference

on value shall be applied to each axis in turn. The indicated value for each axis shall be n¢ted and used

(ISO 5349-1,
ly to all three
*+ 3 %.

ing the signal

S, k, used for
). 1ISO 2631-1

should be used to determine the expected outputs.

12.17 A.c.-electrical output

An elgctrical signal, corresponding to the reference vibration magnitude on the reference measyrement range
at the Teference frequency, shall be applied 1o the instrument and the indication recorded. A short circuit shall
then be applied to the a.c. electrical output and the indication of the instrument recorded. The difference
between the indicated vibration values shall not exceed the tolerance limit specified in 5.3.

12.18 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 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 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 shall be 0,01 %.
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12.19 Power supply

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

NOTE

The term power supply includes batteries.

12.20 Environmental, electrostatic and radio-frequency tests

12.20.1

A complete vi|bration meter shall conform to all specifications of this clause that apply to the intended

the instrume
the instrume

Each specification of sensitivity to an operating environment applies to an instrument that is turned on a
to perform a rheasurement in a typical manner.

Before condufting, but not during, the environmental, electrostatic and radio-frequency tests, the indica

the calibratio
adjusted, if ne
adjustment sh

The effect of
vibration valu
the procedursg

Environments
vibration field
to perform a t

Time-averag¢g
field calibrato

12.20.2 Exg

The actual ¢xpanded uncertainty of measurement shall not exceed 0,5°C for measurements

temperature &

12.20.3 Acq
humidity

Geferal

. For conformance to the specifications of this clause, the accelerometer shall be conneg
in accordance with the normal mode of operation stated in the instrument documentation.

frequency shall be checked by application of the vibration field- calibrator specified in 5
cessary, to indicate the reference vibration value under refetence environmental condition
all use the procedure given in the instrument documentation.

b produced under reference environmental conditions, shall be accounted for in accordanc
in the instrument documentation.

calibrator shall be used to provide a signal of known vibration. The vibration meter shall
ypical measurement of frequency-weighted, linear time-averaged r.m.s. vibration magnitud

d vibration values indicated by the vibration meter in response to the signal from the vik
shall be recorded for each test' condition.

anded uncertaintiesforr-measurements of environmental test conditions

nd 10 % for méasurements of relative humidity.

limatization requirements for tests of the influence of air temperature and relative

se of
ted to

nd set

fion at
4 and
5. The

environmental conditions on the magnitude producéd by the vibration calibrator, relative to

e with

| conditions at the time of checking the indications shall be recorded. For environmental tg¢sts, a

be set

a)

e.

ration

of air

The vibration

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

in an

environmental chamber to test the influence of air temperature and relative humidity on the vibration meter.

For tests of the influence of air temperature and relative humidity, the accelerometer shall be removed from
the vibration field calibrator and the power to both instruments shall be switched off during an acclimatization

period.

The vibration field calibrator and vibration instrument shall be permitted to acclimatize at the reference

environmenta

| conditions for at least 12 h.

After completion of an acclimatization period, the accelerometer shall be fitted on the vibration field calibrator

and the powe

34

r to both instruments shall be switched on.
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12.20.4 Test of the influence of air temperature and relative humidity combined
Following the acclimatization procedures described in 12.20.3, the vibration value indicated in response to
application of the vibration field calibrator shall be recorded for the following combinations of air temperature

and relative humidity. For vibration instruments where all components can be operated under any combination
of air temperature and relative humidity covered by the specifications of 7.2, the target test conditions are

— reference air temperature and reference relative humidity,
— air temperature of —10 °C and relative humidity of 65 %,

a-temperature of 5.°C and ralativia himiditg ~f 25 0/
e perature-So—oartTeratrv ooty -o+—=o—707

r temperature of 40 °C and relative humidity of 90 %, and

|
®

|
o

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

For eqch test condition, the deviation of the indicated vibration value from the, vibration valug indicated for
referepce air temperature and reference relative humidity shall be not more than-that specified in[7.2.

12.20/5 Influence of surface temperature

At reference air temperature and humidity, and following acclimatization, the vibration valu¢ indicated in
respopse to application of a vibration signal at the reference value and frequency shall be regorded for the
follow|ng surface temperatures. The accelerometer on its specified mounting device shall be mgunted directly
onto g surface which can be temperature controlled to + 52CG/ Use the following surface temperatures:

— reference temperature;

|
[72]

irface temperature of —10 °C;

irface temperature of 5 °C;

|
n

|
2]

irface temperature of 40 °C;

|
[72]

irface temperature of 50 °C.

For eqch test condition, «the' deviation of the indicated vibration value from the vibration valug indicated for
referepce air temperaturé’and reference relative humidity shall be no more than that specified in [7.3.

12.20/6 Influence of electrostatic discharges

The eguipment required to determine the influence of electrostatic discharges on the operation|of a vibration
instrumentishall conform to the specifications given in IEC 61000-4-2:2001, Clause 6. The test spt-up and test
proce i i ificati i i : and 8.

Electrostatic discharge tests shall be conducted with the vibration instrument operating and set to be most
susceptible to electrostatic discharge, as determined by preliminary testing. Accelerometers shall be
connected to all input channels. If the instrument is fitted with connection devices that are not required for the
configuration of the normal mode of operation as specified in the instrument documentation, then no cables
shall be fitted during the electrostatic discharge tests. The instrument configuration at the time of testing shall
be recorded.

Discharges of electrostatic voltages shall not be made to electrical connector pins that are recessed below the
surface of a connector or the vibration instrument.

Electrostatic discharges of the voltages and polarities specified in 7.4 shall be applied 10 times by contact and
10 times through the air. Discharges shall be applied to any point on the vibration meter that is considered
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appropriate by the testing laboratory; see IEC 61000-4-2. The points shall be limited to those that are
accessible during normal usage. If the user requires access to points inside the vibration meter, those points
shall be included unless the instrument documentation prescribes precautions against damage by electrostatic
discharges during this access.

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

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

the maximum

After a disch

positive and the maximum negative voltage.

rge, the vibration instrument shall return to the same operating state as before the disc

harge.

Any data stor|
changes in th

12.20.7 Rag

Radio-freque
quasi-peak-d
test procedur
specifications|

Radio-frequency emission tests shall be conducted with the vibration meter operating, powered
ply, and set to the mode, as stated in the instrument documentation, which producés the

preferred sug
greatest radio

All fixtures ar

negligible inflience on the measurement of radio-frequency emissions from the instrument.

Initially, the ra
the vibration 1
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longer than 2
folds of equal

While maintg
radio-frequen
approximately
the system er

If the vibration meter has any-connection device that permits attachment of interface or interconnection
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terminated a
vibration met
radio-frequen

ed by the instrument before the discharge shall be unchanged after the discharge. Unqua
b performance of the instrument are permitted when a discharge is applied.

io-frequency emissions and public-power-supply disturbances

cy field-strength emission levels, in decibels relative to 1 yV/m, shall-be’ measured

tector instrument for the frequency ranges specified in 7.5. Measuring-reeeivers, antenng
bs shall be as specified in CISPR 22:2003, Clause 10. All emission, levels shall conform
given in 7.5. Environmental conditions prevailing at the time of(the tests shall be rec

frequency emissions.

d fittings used to maintain the position of the vibration instrument shall be designed to h

dio-frequency emission levels shall be measured over the frequency ranges specified in 7

htrally above the case of the instrument;\at a height of approximately 250 mm. If the c3
b0 mm, then it shall be folded back on-ijtself, in a figure-of-eight pattern with an even num
length and with all parts secured together at each end of the folds and in their centres.

ining the accelerometer-cable-to-instrument-case arrangement specified in this claus
Cy emission levels shall bé measured in at least one other plane. The other planes sh
orthogonal to the principal plane of the reference orientation, within the limits of position
hployed to measure radio-frequency emission levels.

Cy emission levels shall be measured with cables connected to all available connection dg
f the cables~shall be as recommended in the instrument documentation. Cables shall
d shall\be ‘arranged as described in CISPR 22:2003, 8.1, unless the manufacturer
br also supplies the device connected to the vibration meter by a cable, in which cas
Cy emission levels shall be measured with all items connected together.

ntified

ith a
e and
to the
brded.
by its

ave a

5 with

heter in the reference orientation. The accelerometer, attached by the appropriate cable, shall be

ble is
ber of

a)

b, the
all be
ng for

cables,
vices.
not be
of the
se the

Where several connections can be made to the same connection device, radio-frequency emission levels
shall be measured with the configuration specified in the instrument documentation as producing the greatest
radio-frequency emission levels. Other configurations with the same, or lower, radio-frequency emission levels
may be included in the instrument documentation in a list of compliant configurations, without further testing if
the tested configuration fully conforms to the limits of 7.5.

For vibration meters that are operated from a public power supply, the disturbance to the public power supply
shall be measured as described in CISPR 22:2003, Clause 9, and shall conform to the specifications of 7.5
and the conducted-disturbance limits given in Table 12.
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12.20.8 Immunity to a.c. power-frequency fields and radio-frequency fields

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

The immunity of any vibration meter to a.c. power-frequency and radio-frequency fields shall be demonstrated
with a vibration transducer connected to the human vibration meter. A mechanical vibration shall be applied to
the vibration transducer. The vibration shall be sinusoidal vibration at the reference frequency. With no a.c.
power-frequency or radio-frequency field applied, the band-limited 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.

Table 16 — Immunity test values for a.c. power-frequency and radio-frequency fields

Vibration Maximum value of
Application signal value lower boundary of measurement range
m/s2 m/s?
Hand-transmitted 2 1
Whole-body 0,2 0,1
Low-frequency whole-body 0,2 0,1

The v|bration signal shall be applied to the accelerometer’in such a manner as to cause no intgrference with
the applied a.c. power-frequency or radio-frequency.field. Also the method of applying the vipration signal
shall not interfere with normal operation of the vibration meter, or with the instrument’s susceptibility to the
powefr-frequency or radio-frequency field.

When|an a.c. power-frequency or radio-frequency field is applied, the change in the indicated \ibration value
shall not exceed + 10 %.

For meters with an a.c. input power port and, if available, an a.c. output power port,| immunity to
radio-frequency common-mode _jhtérference shall be demonstrated over the frequency range fiom 0,15 MHz
to 80|MHz. The radio-frequency field shall be 80 % amplitude-modulated by a sinusoidal [signal at the
reference frequency for_(the" measurement application. When unmodulated, the rootimean-square
radio-frequency voltage shall be 10 V when emitted from a 150 Q source. Immunity to fast trapsients on the
powel supply shall apply for a signal having a 2 kV peak voltage and a repetition frequency of 5 kHz in
accor@lance with IEC 61000-6-2:1999, Table 4. Additional specifications for immunity to voltage| dips, voltage
interryptions and veltage surges shall be as described in IEC 61000-6-2:1999, Table 4.

For meters_with signal or control ports, where any interconnecting cable between any Part ¢f the system
exceeds AaYlength of 3 m, the specifications of IEC 61000-6-2:1999, Table 2, apply for| immunity to
radio-frequency common mode interference over the frequency range from 0,15 MHz to 80 MHz for a
root-mean-square voltage of 10 V_when unmodulated. Specifications for immunity 1o 1ast transients on the
public power supply system shall apply for a signal having a 1 kV peak voltage and a repetition frequency of
5 kHz in accordance with IEC 61000-6-2:1999, Table 2.

In accordance with IEC 61000-4-6, for hand-held vibration meters, an artificial hand shall be placed around
the instrument during tests to demonstrate immunity to common-mode, radio-frequency interference over the
specified frequency range.

The instrument documentation may state that the vibration meter conforms to the specifications for exposure
to a.c. power-frequency and radio-frequency fields at an indicated vibration that is less than that shown in
Table 16. In this case, the vibration meter shall conform to the applicable tolerance limits for all vibration
values less than the test value shown in Table 16 down to the stated lower value. This requirement applies to
all measurement ranges for all specifications. The lower value shall be stated in the instrument documentation
and shall apply to all modes of operation of the instrument.
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12.21 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 International Standard.

The additional test information noted in IEC 61000-4-3:2002, 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, a.c.
power-frequency field tests or radio-frequency field tests shall be reported.

13 Verificition tests

13.1 Introd

This clause p
the specificati

Verification to
of a deviation
laboratory, lie

Uncertainties
uncertainties
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rovides details of the tests necessary for verification of conformance of a vibration instrum
ons of this International Standard, together with the test methods to be used.

a specification of this International Standard is demonstrated when-the result of a measur|
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from a design goal, extended by the actual expanded uncertainty of measurement of the festing

5 fully within the specified tolerance limits.

of measurement shall be determined in accordance with the GUM. The actual exp
shall be calculated by the testing laboratory, with a coverage factor of no less than two.

The expand

demonstratiof of conformance, under this clause, to the spegifications of this International Standard. T

d uncertainties of measurement given in this“clause are the maximum permittg
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d for
esting

laboratories ghall not perform tests to demonstrate verification to the specifications of this International

Standard if their actual expanded uncertainties of measurement exceed the maximum permitted values.

No test specified in this clause shall be omitted\unless the instrument does not possess the facility
tested, or thetest is irrelevant.

Where one-offf systems have a restricted range of environmental application, this shall be stated.

Unless othen
instrument.

13.2 Testin

Those instrur
calibrations, t

g requirements

vise specified, all tests, described in this clause apply to each channel of a multi-ch

hents used)for verification testing which affect the uncertainty of test outputs shall holg
aceable.to national standards.

to be

annel

valid

The frequenc

ofthe input signals shall be within + 0,2 % of the required value.

The magnitud

The environm

relative h

air temperature:

e of mechanical input signals shall be within + 3 % of the required value.
ental conditions prevailing at the time of a test shall be within the following ranges:
19 to 27°C;

umidity: < 90 % (non-condensing).

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

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

38

© ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=e152ef53ffaf1baf15f949ac8865d1a8

ISO 8041:2005(E)

13.3 Submission for a test

A vibration transducer of a type recommended for use with the vibration instrument shall be supplied with the
vibration meter.

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.

13.4 Marking of the vibration meter and information in the instrument documentation

It shall be confirmed that the instrument is marked according to the specifications of Clause 9.

ntains all the
meter. After
€ appropriate

Beforl conducting any tests, it shall be confirmed that the instrument documentation~co
information required by Clause 10, appropriate to the facilities provided by the vibration
completion of all tests, the information shall be reviewed to ensure that it is correct and within th
tolerance limits.

13.5 Mandatory facilities and general requirements

It shall be confirmed that the vibration meter conforms to the requirementsof 5.1.

For ingtruments with multiple measurement ranges, it shall be confifmed that the measurement
confofms to the specifications of 5.7.

range overlap

It shal] be confirmed that the display conforms to the specifications of 5.2.

Wherg¢ the instrument documentation specifies batteries\of a particular model and type, such batteries shall be
installgd.
It shall be confirmed that the vibration meter has'a band-limiting weighting filter, at least for verifi¢ation testing.
If the

demo

instrument does not satisfy the requirements listed in this clause, tests shall not be
nstrate conformance to the performance specifications of this International Standard.

performed to

13.6 [Initial instrument preparation
perating limits

Beforﬁ conducting any tests,_the instrument shall be provided with a power supply within the o
ally inspected

specified by the manufacturer. The instrument, transducer and vibration calibrator shall be visu
and all controls operated-to ensure they are in working order.

The p
instru
docu

rocedure given in the instrument documentation shall be followed to set the vibration se
ent at the’ calibration check frequency. Any adjustments required by 5.4 and given in t
entation shall be applied to adjust the sensitivity of the vibration meter to display the co

nsitivity of the
he instrument
rrect vibration

value junder reference environmental conditions.

13.7 Indication at the reference frequency under reference conditions

Any error in the indication of the reference acceleration value at the reference frequency 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.

The error ¢ of the test measurement a,.; is expressed as a percentage of the reference vibration transducer
measurement a,.f, see Equation (15).

The reference vibration transducer shall be used to measure the value of the mechanical vibration input
generated at the reference vibration value and at the reference frequency, before measuring the vibration
magnitude with the vibration meter. For these measurements the vibration meter shall be set to the
band-limiting frequency weighting and linear time averaging, with a measurement duration of not less than

© IS0 2005 — All rights reserved 39


https://standardsiso.com/api/?name=e152ef53ffaf1baf15f949ac8865d1a8

ISO 8041:2005(E)

30 s for hand-arm vibration, 1 min for whole-body vibration, and 5 min for low-frequency whole-body
applications. The value of the input signal plus background noise shall be at least 10 times the value of the
background noise.

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

The arithmetic average of the error of |nd|cat|on measurements shall be W|th|n the applicable tolerance limits
of Table2. T

ctrical
rence

For each frequency weighting provided, a steady sinusoidal electrical signal shall be applied to the. ele

input facility
vibration valu
frequency-we
by the appro
expanded ung

For an instrur
the electrical
give an indic

meter set to band-limiting frequency weighting. With the same input signal, the indicated vibration valy
ghting shall equal the indicated reference vibration valug to-within the tolerance limits of Table 2.
The maximunp expanded uncertainties of measurement are 2 %.

each time we

at the appropriate reference frequency. With an input signal adjusted to indicate the’refd

e on the reference measurement range with band-limiting frequency weightings. the ind
ghted vibration values shall equal the indicated band-limited weighted vibrationy'value mu
briate weighting factor (see Table 1) to within the tolerance limits of Table 2. The ma
ertainties of measurement are 2 %.

nent where time weightings are provided, a steady sinusoidal electrical signal shall be app
input facility at the reference frequency. The amplitude of the ifiput signal shall be adjug
ption of the reference vibration value on the reference measureément range with the vil

icated
tiplied
imum

ied to
ted to
ration
es on

13.8 Electrical cross-talk

For instrumer]ts with more than one measurement channel(e.g. triaxial measurement instruments), tests shall
be carried ouf on the electrical interference between the.channels.

All channels ghall be set to the reference measurement range. An electrical input shall be applied tq each
channel in tun at the reference frequency. The amplitude of the test signal shall be within the upper 5dB of
the referencefrange. The output of all channels shall be monitored during the tests.

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

13.9 Amplifude linearity and\tunder-range indication

The amplitude linearity of<an instrument shall be tested with steady sinusoidal electrical signals gt the
reference fr raged
measuremen{ with aband-limiting frequency weighting

Tests of the mplltude Ilnearlty shall begm with S|gnals applled to the specified electrical input facility. The
input signal ska Rye.

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

On the reference measurement range and at the reference frequency, the value of the input signal shall be
increased in the increments specified in Table 14 from the specified lower boundary of this measurement
range up to the input signal value that causes the first indication of overload. The signal value shall then be
decreased in the increments specified in Table 14 from the signal value that caused the first indication of
overload down to the specified lower boundary. For each input-signal value, the indication on the instrument’s
display device and the input signal value shall be recorded.
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For each reference frequency input signal value, from the specified lower boundary of the reference
measurement range to the first indication of overload, amplitude-linearity errors shall be within the applicable
tolerance limits given in 5.7. The extent of the reference frequency linear operating range over the reference
measurement range shall comply with the linear operating range requirements given in 5.7 between the
nominal vibration magnitudes specified for the upper and lower boundaries. The electrical frequency weighting
is unity at the reference frequency for an indication of the reference vibration magnitude on the reference
measurement range. The maximum expanded uncertainties of measurement are 2 %.

Following tests on the reference measurement range, the amplitude linearity shall be tested additionally on the
highest and lowest measurement ranges. Tests shall be carried out at the reference frequency and at the
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.

ch additional measurement range tested, the amplitude linearity errors shall be within Ilhe applicable
nce limits of 5.7 over the extent of the linear operating ranges specified in the instrdment documentation

On ez
tolera

and u

For in
greatg
meas

For v
indical
bursts
hand-
vibrati

On ez

the indlicated signal value is greater than, or equal to/the specified lower boundary of the measu

for display range, linearity errors above the top of the display range may be measured

D to the first indications of overload. The maximum expanded uncertainties of measuremen
struments that measure time-weighted vibration values and for which theé)linear opera
r than the indicator display range, amplitude linearity may be.(tested using to
irements of amplitude linearity at input signals above the top of the indicator display range.
bration meters with time-averaging facilities for which the linear operating range is grg
extracted from the steady input signals. The duration of the'tone bursts should be not lesg
arm vibration, or 5 min for whole-body vibration (this test\is not practical for low-frequeng

on). Integration times shall be greater than the duration of the tone-burst.

ch measurement range, and for each test frequency, the under-range indicator shall not

t are 2 %.

ting range is
ne-bursts for

ater than the
by using tone
than 30 s for
y whole-body

ndicate when
rement range.

On each measurement range and at each test frequency, the under-range indicator shall be|displayed for
signallvalues that are 1 dB less than the specified)lower boundary of the range.

13.10 Frequency weightings and frequency responses

13.10|]1 General

The procedure described here for assessing the frequency-weighting and frequency-response ¢haracteristics

assu
and i

valueg of frequency-weighted vibration indicated on the display device and the voltages at the el
No attempt shall be made to account for linearity errors in any test of frequency weighting.

For eqch application (hand-arm, whole-body and low-frequency whole-body), for which frequen

es that the vibration instrument does not have an electrical output. If an electrical outp
used for the tests, preliminary tests shall be performed to determine the correspondencg

it is available
b between the
pctrical output.

cy weightings

are pfovided~in the vibration instrument, one frequency weighting shall be selected for testing with both

sinusgidal “\mechanical and electrical signals. Other frequency weightings shall be tested
mechanical ar electrical Qigns\IQ

using either

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

The tests of frequency response shall be made in steps of not more one octave across the frequency ranges
specified in Table 15.

NOTE
Annex H.

Methods for testing the frequency response of the phase component of the frequency weightings are given in
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13.10.2 Mechanical tests of frequency response

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

At the reference frequency, the input mechanical vibration shall be adjusted to produce an un-weighted
vibration reading on the test instrument 20 dB above the lower limit of the specified linearity range. The

un-weighted acceleration value of this input signal (a;,) shall be used as a reference input val

le for

subsequent tg
At each test f
(a;,) as medq

acceleration
defined in Ta

The frequenc

The frequend|

establishing the constant vibration value at different frequencies.

If a constant
displayed by
measured by
Signal values|
the indication

The maximunh expanded uncertainties of measurement‘are 5 % for all frequencies in the appropriate n

frequency ran

Annex F prov

13.10.3 Ele

Sinusoidal elg

At the referemce frequency, the“input electrical signal shall be adjusted to produce a band-limited vik

reading on th
frequency-we

At each test
frequency-we
meter shall be

sts.
equency, the input mechanical vibration shall be adjusted to give the same input vibration
sured by the laboratory reference vibration transducer. The value of the Ninput vili

nd the indication of the vibration meter (q;,q) shall be noted at each of the\test frequ
le 15 for mechanical tests.

response error g(f) at frequency f'is given by Equation (16).

y response of the laboratory reference vibration transducer shall be taken into account

vibration value cannot be maintained over the complete range of frequencies, signal
the instrument shall be corrected, as required, for the differences between the vibration

value
ration
Bncies

when

alues
value

the laboratory reference vibration transducer at a test\frequency and at the reference freqiiency.

displayed by the instrument shall also be corrected, as required, for any non-linearity be
at the test frequency and the indication at the réference frequency.

ge.

des test information for mounting systems where these are provided with the instrument.

Ctrical tests of frequency response

ctrical signals shall be applied to the electrical input facility of the instrument.

e test instrument 20 dB above the lower limit of the specified linearity range. The ind

ghted value;,a;,q, Of this input signal shall be used as a reference value for subsequent tests.

frequeney, the input r.m.s. signal value u;,, shall be adjusted such that the same ind
ghted¢value (a;,q) is displayed. The value of the input signal and the indication of the vik
noted at each of the test frequencies defined in Table 15 for electrical testing.

tween

bminal

ration
icated

icated
ration

The electric component of the frequency response error ¢, (f) at frequency f'is given by Equation (19).

At any frequency, the r.m.s. value of the input signal plus instrument noise shall be at least 10 times the r.m.s.
value of the instrument noise.

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

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

For those frequency weightings tested using the mechanical tests, the frequency-weighting error is provided
directly from the test [i.e. 5(f) in Equation (16)]. For frequency weightings tested only using the electrical test,
then the overall frequency-weighting error must account for the frequency response of the vibration transducer,
et(f). Values for &¢(f) are obtained by subtracting the error ¢4 (/) from the result of the mechanical test,
g(f) for the frequency weighting that has been mechanically tested.

EXAMPLE An instrument provides two whole-body weightings Wy and Wy. Wy is selected for both mechanical and
electrical frequency response testing. The response of the vibration transducer is given by the difference between the
mechanical and electrical test results for Wy. This vibration transducer response is added to the electrical response for W
to give the overall frequency response of the instrument for 7.

For al
within
are 5

available frequency weightings, the error of the overall frequency response of the instru
the applicable tolerance limits specified in 5.6. The maximum expanded uncertainties of
o for all frequencies in the appropriate nominal frequency range.

Other
limits

optional frequency responses provided shall be verified as conforming to the'design goals
stated in the instrument documentation.

13.11 Instrument noise
The ty
with the vibration transducer of the instrument fitted to a non-vibrating object that does not add
the indicated vibration value. Tests shall be carried out for time>averaged vibration. The averad
be stgted and shall be at least 1 min for hand-arm vibratign, 5 min for whole-body vibration 4
low-frgquency whole-body applications.

13.13 Signal-burst response

With the instrument set to the reference measturement range and the applicable band-limiting
continuous saw-tooth electrical signal at.thie)frequency specified in Table 6 shall be applied 4
value [adjusted to obtain an indication at 50 % of the specified upper boundary of the linear op
The dight-cycle signal bursts specified.in Table 6 shall then be applied to all available freque
weightings.

The fall time of the saw-tooth.wave shall be not more than 1/(5f,), where £, is the upper limiting
the bgnd-limiting component-oef the appropriate frequency weighting, defined in Table 3.

High-frequency switching transients can be produced when generating the saw-tooth wave. To
affecting this test,<a-single-pole low-pass filter may be necessary between the signal gene

ment shall be
measurement

and tolerance

pical value of instrument noise shall be determined from the“arithmetic average of ten measurements

bignificantly to
ing time shall
nd 30 min for

weighting, a
nd the signal
brating range.
ncy and time

frequency of

prevent these
rator and the

instrument under\tést. The cut-off frequency should be high enough to avoid influencing thé test results,
00/5).

(e.g. 1

al reduced by

specified lower bounda

ry for the linear operating range.

later than the

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

13.13 Overload indication

Overload indications shall be tested by applying positive and negative one-half-cycle, sinusoidal electrical
signals at the reference frequency, with the instrument set to band-limiting frequency weighting, the reference
measurement range and with a positive one-half-cycle signal. The signal value shall be increased until the first
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indication of overload. The process shall be repeated with a negative one-half-cycle signal. In each case, the
lowest input signal value that causes the first indication of overload shall be recorded. The difference between
the two input signal values at which overload is first indicated shall not exceed the tolerance limits given in
5.10. The maximum expanded uncertainties of measurement are 2 %.

NOTE In addition to the required tests at the frequencies specified in this clause, indication of overload may be tested
at other frequencies at the option of the testing laboratory.

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

When time-averaged vibration values or maximum vibration values are being measured, the overload

indicator shal
used to meas
in 5.10.

13.14 Reset

It shall be con
and that oper

13.15 Com

This test eng
standard whe

The vibration

reference vibijation value shall be applied to each axis in turn.;The indicated value for each axis shall be

and used to
(ISO 5349-1,
to all three in
+ 3 %.

The signal on
inversion sha

For whole-bo

combining sin
should be usq

13.16 Test

Full details sh

latch on when an overload condition occurs, as specified in 5.10. Where the vibration/m
ure time-weighted vibration magnitudes, the overload indication shall be displayed as sp

firmed that operation of the reset facility (where provided) cancels the previous display ind
htion of the reset facility does not give rise to spurious indications onany-display device.

bined axis outputs

ures that multi-axis values are combined in accordance.with the appropriate measur|
h the combined axis output is displayed (e.g. total vibration value).

instrument shall be set to the reference measurement range. An electrical input signal
calculate a combined axis result in accordance with the appropriate International Star]

SO 2631-1, ISO 2631-2 and ISO 2631-4)The input signal shall then be applied simultan
but channels. The indicated combined axis’ value shall be equal to the calculated result to

one channel shall be invertedy(i.e. 180° phase change). The indicated value following the
| not change by more than 2-%:
Hy vibration, the weightings used for x-, y- and z-axes and the multiplying factors, %, us

gle axis data, are dependent on the application (e.g. health, comfort or perception). 1ISO 2
d to determine the expected outputs.

report

all be_given in the test report of the test configurations, test conditions and test results, inc

the correspo
complete ins

nding Yactual expanded uncertainties of measurement. The test report shall state th
ument has been verified, or has not been verified, as conforming to the specifications

ter is
beified

cation,

ement

at the
noted
dards
bously
within

signal

ed for
631-1

luding
At the
bf this

International Standard.

14 In-situ checks

14.1 Introduction

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

The instrument documentation shall include instructions for routine in-situ checks.
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14.2 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 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.

14.3 Vibration sensitivity (field calibration)

The ill\strument documentation shall define an in-situ check of vibration sensitivity. This(sha
follow|ng:

procedure for checking the mechanical vibration sensitivity of the vibration insttument, to
the reference vibration value on the reference measurement range afnd-at the cali
requency using the specified vibration calibrator;

|
S0 0

|
®

h indication of the maximum change in vibration sensitivity likely. to occur in normal
kpected range of adjustment to vibration sensitivity; adjustments ‘greater than this rang
ridication of instrument faults);

= o

— a|recommended procedure for recording field calibration resuilts; this shall include details o
time of test, settings of the vibration meter and field calibrator, the initial sensitivity and adju
tq the sensitivity.

Il include the

be carried out
bration check

use (i.e. the
e may be an

the date and
stments made
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Annex A
(normative)

Specification for vibration field calibrator

A.1 General

The vibration field calibrator serves to generate a mechanical vibration with specified characteristics. This

vibration is ap

The mechani
is mounted.

A.2 Specification

A mechanical

Direction of vi

Cross-axis/trg

bration vector:

nsverse vibration:

Spatial orientation:

Warm-up timg:

Frequency:
Magnitude:

Load capacity

Total distortio
Surface flatng

(Tapped) mod

, permissible mass:

n:
SS!:

nting ‘hole:

Magnetic scaftetfield (alternating) close

plied to the vibration transducer for in-situ checks of vibration sensitivity.

tal calibrator shall have a flat coupling surface (vibration table) to which the vibration-trans

field calibrator shall satisfy the following requirements:

normal with respect to the goupling surface
< 10 % within a specified\range of payload
arbitrary

the time between*switching on and compliance with the
manufacturer'sspecifications and the requirements spec
in this International Standard shall be < 10 s

the calibrator shall operate at one or more of the frequen
giveniin Table A.1. Other frequencies may also be provid

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

sufficient for the vibration transducer in question (includin
coupling devices, if appropriate) but no less than 70 g. (T
mass required for a verification using a standard vibratior]
transducer.) The minimum and maximum load capacity s
be indicated in the instrumentation documentation

< 5 % within the specified range of load capacity

nominally flat, such that measurements are not affected &
base strain, within the allowed tolerances for distortion

90°+1°

<1mT

ducer

fied

Cies
ed

o
he

nhall

to the vibration transducer in any

direction:

Electromagnetic compatibility:

Degree of protection against dust and

splash water:

Temperature range:

Range of relative humidity:

test level 2 as specified in IEC 61000-4-3

dependent on application, must be specified in instrumen
documentation

0°Cto40-°C
10 % to 90 % not condensing

t

The technical data supplied with the field calibrator (e.g. in the form of a calibration certificate or in the
instrumentation documentation) shall list the expected readings as weighted accelerations (all possible modes
of a vibration meter) for all combinations of selectable frequencies and magnitudes of the calibrator.
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Table A.1 — Preferred values and limits of error for the mechanical field calibrator

Characteristic

Measurement type

Hand-arm Whole-body

Low-frequency whole-body

Frequency

100 rad/s + 0,5 %
(15,915 Hz)

500 rad/s £ 0,5 %
(79,577 Hz)

1000 rad/s £ 0,5 %

(159,155 Hz) (0,397

2,5rad/s £0,5 %2

9 Hz)

Root-mean-square
(r.m.s.) acceleration

10m/s2+3% 10m/s2+3% 1m/is2+3 %

0,1 m/s?

5%

a |t

standa
low-fre
measu
accele

is recognized that field calibrators are not currently available at such low frequencies, and that vibration pi

quency whole-body vibration it is desirable to perform calibration checks at a frequency within the freqéen
rement. The alternative is either to perform checks at static acceleration (i.e. transducer inversion providing
Fation) or to test at frequencies much higher than the measurement range: neither of these options is ideal:

ck-up calibration

measurement of
cy range of the
a 2g change in

A3

Pattern
comp
calibr:

The t4
field ¢
The fi
Table
accor

Pattern evaluation and verification test

h evaluation and verification of the field calibrator shall be demonstrated by tests b
rison with a reference vibration transducer, within the scope of ISO 16063-21, cove
tors intended for field use.

st method uses comparison with a reference transducer mounted directly to the coupling
plibrator. The procedure is to measure the r.m.s. acceleration and frequency produced by
bld calibrator shall be confirmed to produce a vibration signal at the frequency and ampl
A.1 for the relevant application. The expanded .uncertainties of measurement shall be
fance with of ISO 16063-21:2003, Annex A.

ased upon a
ring portable

surface of the
the calibrator.
tude given in
calculated in
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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 were calculated from the design goals defined by Tables 3 and 4 and 5, and Equations (8) to (12).

The fi
given

J
where

The g
frequs

The 1
freque
freque

NOTE
In this
weight|

The W
i.e. th
weigh

NOTE
preser
these {

Equency-weighting values given In the Tables are based on true one-third-octave centre 11
by:

o(n)=10""19 Hz

n is the frequency band number according to IEC 61260.

entre frequencies are as defined in IEC 61260 using log,q calculation”of the one-third-
ncy.

ominal centre frequencies given are often used to describe individual bands but, w
ncy-weighting factors to one-third-octave-band data, the“weighting factors for the
ncies should always be used.

1 Some measurement standards have tabulated frequency weightings based on the nominal cen

ng factors being different from those in the measurement standards.

eighting filters tabulated in this Annex are-the overall frequency weightings [defined by H
e tabulated weightings include band-limiting. The tolerances given apply to both ban
ling filters.

2  For information in this Annex, ‘the values of weighting factors, phases and exact centre f
ted to four significant figures and'the decibel weighting levels are presented to two decimal places. 1
abulated values does not indicate the accuracy required in instrumentation.

equencies, £,

(B.1)

bctave centre

hen applying
actual centre

re frequencies.

International Standard the frequency weightings are based on the actual centre frequencies; this can result in some

quation (12)],
d-limiting and

requencies are
[he precision of
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Table B.1 — Frequency weighting 7}, for vertical whole-body vibration, z-axis,
seated, standing or recumbent person, based on ISO 2631-4

Frequency Band-limiting Weighting 17, Tolerance
; Hz
Nominal [ True Factor dB dZZ?::s Factor dB dzg?:; % dB deAg(f:es
-10 0,1 0,1 0,062 38| -24,10 159,3 0,024 94 | -32,06 160 +26/-100 | +2/—0 | +oo/—0
-9 | 0,125 | 0,1259 [0,098 57| -20,12 | 153,6 | 0,03941 | -28,09 | 154,5 | +26/-100 | +2/-o0 | +oo/—0
-8 0,16 01585 |1 01551 | 16,19 146.3 006198 | 2415 | 1474 | 4+26/-100 [ +2/-0 | +oo/-o0
-7 0,2 0,1995 | 0,2415 | -12,34 136,6 0,096 45 | -20,31 138,1 +26/-100 | +2/—00~| 3po/—0
-6 0,25 0,2512 | 0,366 9 | -8,71 1241 0,146 4 | -16,69 126 +26/-100 | +2/5%) | +po/—0
-5 | 0,315 ]| 0,316 2 0,53 -5,51 108,3 0,2113 | -13,50 | 110,7 +26/-21 +2/-2 | +12/-12
-4 0,4 0,3981 | 0,7037 | -3,05 90,06 0,28 -11,06 | 93,14 +26/-24 +2/-2 | +12/-12
-3 0,5 0,5012 | 0,8434 | 1,48 71,76 0,334 7 -9,51 75,73 +261-21 +2/-2 | +12/-12
-2 0,63 0,631 0,9279 | -0,65 55,78 0,366 6 -8,72 60,94 +12/-11 +1/-1 +6/—-6
—1 0,8 0,794 3 | 0,9693 | -0,27 43,01 0,3808 | -8,39 | 49,84 +12/-11 +1/-1 | +46/-6
0 1 1 0,9874 | -0,11 33,15 0,385 3 -8,29 42,42 +12/-11 +1/-1 +6/—-6
1 1,25 1,259 | 0,9949 [ -0,04 25,54 0,3864 | -8,26 \\38,51 +12/-11 +1/-1 | +46/-6
2 1,6 1,585 0,998 -0,02 19,58 0,391 6 -8,14 38,27 +12/-11 +1/-1 +6/—-6
3 2 1,995 | 0,9992 | -0,01 14,84 0,416 8 7,60 41,76 +12/-11 +1/-1 +6/—-6
4 2,5 2,512 [ 0,9997 | 0,00 10,97 0,496 -6,09 | 46,57 +12/-11 +1/-1 | +46/-6
5 3,15 3,162 [ 0,9999 | 0,00 7,74 0,6653 | -3,54 | 45,79 +12/-11 +1/-1 | +46/-6
6 4 3,981 0,999 9 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 +6/—-6
8 6,3 6,31 1 0,00 0,0244 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 | -11,94 | +12/-11 +1/-1 | +46/-6
10 10 10 0,999 9 0,00 —-4,887 0,974 5 -0,22 | -24,56 | +12/-11 +1/-1 +6/-6
11 12,5 12,59 | 0,999 9 0,00 -7,679 0,904 2 -0,87 =371 +12/-11 +1/-1 +6/—-6
12 16 15,85 | 0,999¢7 0,00 -10,9 0,814 4 -1,78 | -49,93 | +12/-11 +1/-1 +6/—-6
13 20 19,95 | 0,9992 | -0,01 -14,75 0,708 8 -2,99 | -62,89 | +12/-11 +1/-1 +6/-6
14 25 25,12 0,998 -0,02 -19,47 0,597 3 -4,48 | -75,75 | +12/-11 +1/-1 +6/-6
15 31,5 31,62 0,995 | -0,04 -25,4 04906 | -6,18 | -88,55 | +12/-11 +1/-1 | +6/-6
16 40 39,81 0,9877 | -0,11 -32,97 0,395 -8,07 | -101,7 | +12/-11 +1/-1 +6/—-6
17 50 5042 09699 027 4278 03118 1042 116 +12/11 +1/1 46/—6
18 63 63,1 09291 | -0,64 | -55,49 | 0,2389 | -12,44 | -132,2 | +12/-11 +1/-1 | +6/-6
19 80 79,43 | 08457 | 1,46 -71,41 0,1734 | -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 | -5,46 -107,9 | 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/—0 | +oo/—0
23 200 199,5 | 0,2436 | -12,27 | -136,4 | 0,01999 | -33,98 | —222,2 | +26/-100 | +2/—00 | +oo/—0
24 250 251,2 | 0,1565 | -16,11 | -146,1 0,0102 | -39,82 | -232,8 | +26/-100 | +2/—0 | +o0/—o0
25 315 316,2 | 0,0995 | -20,04 | -153,5 |0,005154| -45,76 | —240,8 | +26/-100 | +2/— | -+oo/—o0
26 400 398,1 10,06297 | -24,02 | -159,2 |0,002591| -51,73 | -247,1 | +26/-100 | +2/— | +oo/—o0

50 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=e152ef53ffaf1baf15f949ac8865d1a8

ISO 8041:2005(E)

Y
10
|| 1
1
/ ! K
7 N
/| L1} N
/// | N \\\
1
011 II I, \\‘\ \\
N\ \\
X
d N\
0,01 2 \\
\\
\
N\
N
N
0,401
0125 0,25 0,5 1 2 A 8 16 31,5 63 125 25( 500
X
Key
X frdquency, Hz 1 band:limiting
Y weighting factor

2 _ weighting

Figure B.1 — Magnitude of frequency weighting /7, for vertical whole-body vibration
seated, standing or recumbeént person, based on ISO 2631-4
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Figure B.2 — Phase of frequency weighting 7, 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 7 for horizontal whole-body vibration, x-axis,
seat back, seated person, based on ISO 2631-1

Frequency L
Band-limiting Weighting 77, Tolerance
; Hz
Nominal | True Factor dB dzgfese?s Factor dB dzg?efs % dB deAg(:)eOes
-10 0,1 0,1 0,062 38 | —24,10 159,3 [ 0,06238 | —-24,10 | 158,8 | +26/-100 | +2/-00 | +oo/—o0
-9 | 0,125 | 0,1259 (0,098 57| -20,12 153,6 | 0,09858 | -20,12 | 153,1 +26/-100 | +2/-00 | +oof—o0
-8 0,16 01585 [ 01551 | —16,19 146.3 01551 | -16.19 145.6 +26/-100 | +2/-0 | 400/-00
-7 0,2 0,1995 | 0,2415 | -12,34 136,6 0,2415 | -12,34 | 135,8 | +26/-100 | +2/—o0~| Fpo/—o0
-6 0,25 || 0,2512 | 0,366 9 | -8,71 1241 0,366 9 | -8,71 123 +26/-100 | +2/%%) | +pol—o0
-5 1] 0,315 || 0,316 2 0,53 -5,51 108,3 0,5302 | -5,51 107 +26/-21 +2/~2 |+12/-12
-4 0.4 0,3981 | 0,7037 | -3,05 90,06 0,7042 | -3,05 88,38 +26/-24 +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 | +12/-12
-2 0,63 0,631 | 0,9279 | -0,65 55,78 09292 | -0,64 53,11 +42/-11 +1/-1 46/-6
-1 0,8 0,7943 | 0,9693 | -0,27 43,01 09716 | -0,25 39,64 +12/-11 +1/-1 46/-6
0 1 1 0,9874 | -0,11 33,15 0,991 -0,08 28,88 +12/-11 +1/-1 46/-6
1 1,25 1,259 | 0,9949 | -0,04 25,54 1 0,00 20,11 +12/-11 +1/-1 46/-6
2 1,6 1,585 0,998 -0,02 19,58 1,006 0,06 12,66 +12/-11 +1/-1 46/-6
3 2 1,995 | 0,9992 [ -0,01 14,84 1,012 0,10 5,957 +12/-11 +1/-1 46/-6
4 25 2,512 10,9997 | 0,00 10,97 1,017 0,15 |[-0,5318| +12/-11 +1/-1 46/-6
5 3,15 3,162 | 0,9999 | 0,00 7,74 1,023 0,19 7,327 | +12/-11 +1/-1 46/-6
6 4 3,981 | 0,9999 | 0,00 4,941 1,024 0,21 -15 +12/-11 +1/-1 46/-6
7 5 5,012 1 0,00 2,416 1,013 0,11 —24.1 +12/-11 +1/-1 46/-6
8 6.3 6,31 1 0,00 0,0244 | 09739 | -0,23 | —34,91 +12/-11 +1/-1 46/-6
9 8 7,943 1 0,00 -2,366 | 0,8941 | -0,97 | —47,06 | +12/-11 +1/-1 46/-6
10 10 10 0,9999 | 0,00 -4,887 | 0,7762 | -2,20 | -59,37 | +12/-11 +1/-1 46/-6
11 12,5 12,59 | 0,9999 | _(©,00 -7,679 | 0,6425 | -3,84 70,7 +12/-11 +1/-1 46/-6
12 16 15,85 | 0,999 7 |\~0,00 -10,9 0,5166 | -5,74 | -80,61 +12/-11 +1/-1 46/-6
13 20 19,95 | 0,9992 [ -0,01 -14,75 | 0,4098 | -7,75 | -89,43 | +12/-11 +1/-1 46/-6
14 25 25,12 0,998 -0,02 | -1947 | 0,3236 | -9,80 | -97,78 | +12/-11 +1/-1 46/-6
15 31,5 31,62 0,995 -0,04 -25,4 0,2549 | -11,87 | -106,4 | +12/-11 +1/-1 46/—6
16 40 39,81 | 09877 | -0,11 -32,97 | 0,2002 | -13,97 | -115,9 | +12/-11 +1/-1 46/-6
17 50 5012 109699 | 027 | -42,78 | 01557 | 16,15 | -127.3 | +12/-11 +1/-1 46/—6
18 63 63,1 09291 | -0,64 | -5549 | 0,1182 [ -18,55 | —-141,2 | +12/-11 +1/-1 +6/-6
19 80 79,43 | 08457 | 1,46 | -71,41 | 0,08538 | -21,37 | -158 +26/-21 +2/-2 | +12/-12
20 100 100 0,707 1 | -3,01 -89,68 | 0,05665 | —-24,94 | -177 +26/-21 +2/-2 |+12/-12
21 125 1259 | 0,5336 | -5,46 | -107,9 | 0,03394 | -29,39 | -195,8 | +26/-21 +2/-2 | +12/-12
22 160 158,56 | 0,3699 | -8,64 | -123,8 | 0,01868 | —34,57 | -212,1 | +26/-100 | +2/—0 | +o0/—0
23 200 199,5 | 0,2436 | -12,27 | -136,4 (0,009 772| —40,20 | —225,1 | +26/-100 | +2/—o | +o0/—0
24 250 251,2 | 0,1565 | -16,11 | -146,1 |0,004 987 | -46,04 | -235 +26/-100 | +2/—o0 | +oo/—c0
25 315 316,2 | 0,0995 | -20,04 | -153,5 |0,002 518 | -51,98 | —242,6 | +26/-100 | +2/—0 | -+oo/—o0
26 400 398,1 |0,06297 | —24,02 | -159,2 |0,001266| -57,95 | —248,5 | +26/-100 | +2/—0 | -+oo/—o0
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Figure B.3 — Magnitude of frequency weighting 7, for horizontal whole-body vibratiop, x-axis,
seat back, seated person, based on ISO 2631-1
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Figure B.4 — Phase of frequency weighting 17 for horizontal whole-body vibration, x-axis,
seat back, seated person, based on ISO 2631-1
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Table B.3 — Frequency weighting /7, for horizontal whole-body vibration, x- or y-axis,
seated, standing or recumbent person, based on ISO 2631-1

Frequency L
Band-limiting Weighting, 7y Tolerance
. Hz
Nominal| True Factor dB dzg?::s Factor dB dZZ?::s % dB deAgfeoes
-10 0,1 0,1 0,062 38| -24,10 159,3 0,06242 | -24,09 | 157,6 | +26/-100 | +2/-c0 | -+oo/—c0
-9 | 0,125 | 0,1259 (0,098 57| -20,12 153,6 0,09867 |-20,12 | 151,5 | +26/-100 | +2/-c0 | -+oo/—c0
-8 0,16 101585 01551 | 16,19 146.3 01553 | -16.18 | 1436 | +26/-100 | +2/-o0 | +oo/—w0
-7 0,2 0,1995 | 0,2415 | -12,34 136,6 0,242 -12,32 | 133,2 | +26/-100 | +2/—o0~ 3po/—o0
—6 0,25 || 0,25612| 0,3669 | -8,71 1241 0,368 2 -8,68 | 119,8 | +26/-100 | +2/500) [ +po/—o0
-5 0,315 |/ 0,3162 | 0,53 -5,51 108,3 0,533 -5,47 | 102,8 +26/-21 +2/~2 |+12/-12
-4 0,4 0,3981 | 0,7037 | -3,05 90,06 0,709 7 -2,98 | 83,11 +26/-24 +2/-2 |+12/-12
-3 0,5 0,5012 | 0,8434 | -1,48 71,76 0,854 -1,37 | 62,84 +26/]-21 +2/-2 [+12/-12
-2 0,63 0,631 | 0,9279 | -0,65 55,78 0,944 3 -0,50 | 44,21 +42/-11 +1/-1 +46/—6
-1 0,8 0,7943 | 0,9693 | -0,27 43,01 0,9914 -0,08 | 27,86 +12/-11 +1/-1 +6/—6
0 1 1 0,9874 | -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 46/-6
2 1,6 1,585 0,998 -0,02 19,58 0,970 7 -0,26.1] —-15,55 | +12/-11 +1/-1 +6/—6
3 2 1,995 [ 0,9992 | -0,01 14,84 0,891 3 L1500 | -30,06 | +12/-11 +1/-1 46/-6
4 25 2512 (09997 | 0,00 10,97 0,773 3 -2,23 | 43,71 | +12/-11 +1/-1 46/-6
5 3,15 3,162 | 0,9999 | 0,00 7,74 0,639\8 -3,88 | -55,44 | +12/-11 +1/-1 46/-6
6 4 3,981 [ 0,9999 | 0,00 4,941 05514 3 -5,78 | -64,89 | +12/-11 +1/-1 46/-6
7 5 5,012 1 0,00 2,416 0,408 1 7,78 | -72,34 | +12/-11 +1/-1 46/-6
8 6.3 6,31 1 0,00 0,0244 0,322 6 -9,83 | -78,34 | +12/-11 +1/-1 46/-6
9 8 7,943 1 0,00 2,366 0,255 -11,87 | -83,39 | +12/-11 +1/-1 46/-6
10 10 10 0,9999 | 0,00 -4,887 02017 |-13,91 | -87,9 +12/-11 +1/-1 +6/—6
11 12,5 12,59 | 0,9999 | (,00 -7,679 0,1597 | -15,93 | -92,2 +12/-11 +1/-1 +6/—6
12 16 15,85 | 0,999 7-/\0,00 -10,9 01266 |-17,95 | -96,59 | +12/-11 +1/-1 46/-6
13 20 19,95 | 0,999.2 | -0,01 -14,75 0,1004 | -19,97 | -101,3 | +12/-11 +1/-1 +6/—6
14 25 25,12 0;998 -0,02 | -19,47 0,07958 | -21,98 | -106,8 | +12/-11 +1/-1 46/-6
15 31,5 31,62 0,995 -0,04 -25,4 0,06299 | -24,01 | -113,3 | +12/-11 +1/-1 46/-6
16 40 39,81 | 0,9877 | -0,11 -32,97 0,04965 | -26,08 | -121,3 | +12/-11 +1/-1 +6/—6
17 50 50,12 |1 09699 | -027 | 42,78 003872 | -2824 | -1314 | +12/-11 +1/-1 46/-6
18 63 63,1 09291 | -0,64 | -55,49 0,02946 | -30,62 | —144,4 | +12/-11 +1/-1 +6/-6
19 80 79,43 | 08457 | 1,46 | -71,41 0,0213 | -33,43 | -160,6 | +26/-21 +2/-2 [+12/-12
20 100 100 0,707 1 | -3,01 -89,68 0,01414 | -36,99 | -179 +26/-21 +2/-2 |[+12/-12
21 125 1259 [ 0,5336 | -5,46 | -107,9 | 0,008478 | -41,43 | -197,4 | +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 | +oo/—c0
23 200 199,5 | 0,2436 | -12,27 | -136,4 | 0,002442 | -52,24 | -226,1 | +26/-100 | +2/—0 | +oo/—o0
24 250 251,2 | 0,1565 | -16,11 | —-146,1 | 0,001 246 | -58,09 | —-235,8 | +26/-100 | +2/-c0 | -+oo/—c0
25 315 316,2 | 0,0995 | -20,04 | -153,5 [0,000629 3| —64,02 | —243,3 | +26/-100 | +2/-0 | +oo/—0
26 400 398,1 [0,06297| -24,02 | -159,2 |0,0003164| -70,00 | —-249 | +26/-100 | +2/-o | +oo/—00

54 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=e152ef53ffaf1baf15f949ac8865d1a8

ISO 8041:2005(E)

Y
10
1 — —
7 N
/ N
/// N \\\
RE 2
0,1 7 2 N
\\
7
N
1
0,0 NG
N
N\
\\\
0,001 A
0125 0,25 0,5 1 2 A 8 16 315 63 125 250 500
X
Key
X frdquency, Hz 1 band:limiting
Y weighting factor 2 _ weighting

Figyre B.5 — Magnitude of frequency weighting % for horizontal whole-body vibration, k- or y-axis,
seated, standing or recumbeént person, based on ISO 2631-1
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Figure B.6 — Phase of frequency weighting /7, 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 7, for rotational whole-body vibration, all directions, seated person,
based on ISO 2631-1

Frequency L
Band-limiting Weighting, 7, Tolerance
. Hz
Nominal| True Factor dB dzg?::s Factor dB dZZ?::s % dB deAgfeoes
-10 0,1 0,1 0,062 38| -24,10 159,3 0,06252 | -24,08 | 1559 | +26/-100 | +2/-c0 | -+oo/—c0
-9 | 0,125 | 0,1259 (0,098 57| -20,12 153,6 0,09893 | -20,09 | 149,3 | +26/-100 | +2/-c0 | -+oo/—c0
-8 0,16 101585 01551 | 16,19 146.3 0.156 —-16.14 [ 1408 | +26/-100 | +2/-0 | +oo/—o0
-7 0,2 0,1995 | 0,2415 | -12,34 136,6 0,2435 | -12,27 | 129,7 | +26/-100 | +2/—o0~]/ Fpol—0
—6 0,25 || 0,25612| 0,3669 | -8,71 1241 0,371 5 -8,60 | 115,1 | +26/-100 | +2/500) [ +po/—0
-5 0,315 |/ 0,3162 | 0,53 -5,51 108,3 0,5394 -5,36 | 96,68 +26/-21 +2/~2 |+12/-12
-4 0,4 0,3981 | 0,7037 | -3,05 90,06 0,719 8 -2,86 | 74,87 +26/-24 +2/-2 |+12/-12
-3 0,5 0,5012 | 0,8434 | -1,48 71,76 0,863 5 -1,27 | 51,65 | +26/-21 +2/-2 [+12/-12
-2 0,63 0,631 | 0,9279 | -0,65 55,78 0,938 9 -0,55 | 29,04 +42/-11 +1/-1 +46/—6
-1 0,8 0,7943 | 0,9693 | -0,27 43,01 0,942 3 -0,52 | 7,786 +12/-11 +1/-1 +6/—6
0 1 1 0,9874 | -0,11 33,15 0,879 8 -1,11 | =14,85 | +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 46/-6
2 1,6 1,585 0,998 -0,02 19,58 0,637 2 -3,9N 43,67 | +12/-11 +1/-1 +6/—6
3 2 1,995 [ 0,9992 | -0,01 14,84 0,5127 £5,80 | -55,05 | +12/-11 +1/-1 46/-6
4 25 2512 (09997 | 0,00 10,97 0,407 -7,81 | -63,83 | +12/-11 +1/-1 46/-6
5 3,15 3,162 | 0,9999 | 0,00 7,74 0,3248 -9,85 | -70,66 | +12/-11 +1/-1 +6/—6
6 4 3,981 | 0,9999 [ 0,00 4,941 052543 | -11,89 | -76,11 | +12/-11 +1/-1 46/-6
7 5 5,012 1 0,00 2,416 0,2012 |-13,93 [ -80,61 | +12/-11 +1/-1 46/-6
8 6.3 6,31 1 0,00 0,0244 0,1594 | -15,95 | -84,51 | +12/-11 +1/-1 +6/—6
9 8 7,943 1 0,00 2,366 0,126 3 | -17,97 | -88,06 | +12/-11 +1/-1 46/-6
10 10 10 0,9999 | 0,00 -4,887 0,002 | -19,98 | -91,49 | +12/-11 +1/-1 46/-6
11 12,5 12,59 | 0,9999 | (,00 -7,679 0,07954 | -21,99 | -94,99 | +12/-11 +1/-1 46/-6
12 16 15,85 | 0,999 7-/\0,00 -10,9 0,063 14 | -23,99 | -98,77 | +12/-11 +1/-1 46/-6
13 20 19,95 | 0,9992 | -0,01 -14,75 0,050 11 | -26,00 | -103,1 | +12/-11 +1/-1 46/-6
14 25 25,12 0;998 -0,02 | -19,47 0,03975 | -28,01 | -108,1 | +12/-11 +1/-1 46/-6
15 31,5 31,62 0,995 -0,04 -25,4 0,03147 | -30,04 | -114,3 | +12/-11 +1/-1 46/-6
16 40 39,81 | 0,9877 | -0,11 -32,97 0,024 81 | -32,11 | -122,1 | +12/-11 +1/-1 +6/—6
17 50 50,12 |1 09699 | -027 | 42,78 0,01935 | -34.26 | -132,1 | +12/-11 +1/-1 46/-6
18 63 63,1 09291 | -0,64 | -55,49 0,01473 | -36,64 | -145 +12/-11 +1/-1 +6/-6
19 80 79,43 | 08457 | 1,46 | -71,41 0,01065 | -39,46 | —161 +26/-21 +2/-2 [+12/-12
20 100 100 0,707 1 | -3,01 -89,68 | 0,007 071 [ -43,01 | -179,3 | +26/-21 +2/-2 |[+12/-12
21 125 1259 | 0,5336 | -5,46 | -107,9 | 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/—0 | +oo/—o0
23 200 199,5 | 0,2436 | -12,27 | -136,4 | 0,00 1221 | -58,27 | -226,2 | +26/-100 | +2/—0 | +oo/—o0
24 250 251,2 | 0,1565 | -16,11 | -146,1 |0,0006232| -64,11 | 236 | +26/-100 | +2/—0 | +oo/—wn
25 315 316,2 | 0,0995 | -20,04 | -153,5 [0,0003147| —70,04 | —243,4 | +26/-100 | +2/-0 | +oo/—0
26 400 398,1 [0,06297| -24,02 | -159,2 |0,000 1582 | -76,02 | —249,1 | +26/-100 | +2/-o | +oo/—00
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Figure B.7 — Magnitude of frequency weighting /% for rotational whole-body vibration, all directions,
seated person; based on ISO 2631-1
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Figure B.8 —Phase of frequency weighting 7, for rotational whole-body vibration, all directions,
seated person, based on ISO 2631-1

© I1SO 2005 — All rights reserved 57


https://standardsiso.com/api/?name=e152ef53ffaf1baf15f949ac8865d1a8

ISO 8041:2005(E)

Table B.5 — Frequency weighting 77; for vertical whole-body vibration, z-axis
motion sickness, seated or standing person, based on ISO 2631-1

Frequency
Hz

Band-limiting Weighting, 77; Tolerance

. Phase Phase o Apg
Nominal | True | Factor | dB | j o oo | Factor B | jegrees % dB degrees

-17 | 0,02 |0,01995(0,062 08| —24,14 156,8 0,024 07 | -32,37 | 160,9 +26/-100 | +2/— | +oof—o0
-16 | 0,025 |0,02512(0,098 11| —-20,17 150,5 0,038 03 | -28,40 | 156,2 +26/-100 | +2/—0 | +oo/—c0
-15| 0,0315[|0,03T62| 0,754 4 | —16,23 1424 0,060 27T | -24,41 150,6 +26/-100 | +2/—0 | +po/—0
-14| 0,04 ||0,03981| 0,2404 | -12,38 131,8 0,096 19 | -20,34 | 143,7 +26/-100 | +2/-00\) +po/—c0
-13| 0,05 [|0,05012| 0,3653 | -8,75 118 0,1575 | -16,06 | 134,8 | ++26/-100 | w2/ | +wol—©
-12| 0,063 || 0,0631 | 0,5282 | -5,54 100,6 02675 |-11,45| 1214 +26/-21 +2/-2 | +12/-12
-11 0,08 |/0,07943| 0,702 -3,07 80,31 0,4537 | —6,86 99,53 +26/=21 +2/-2 | +12/-12
-10 0,1 0,1 0,842 -1,49 59,38 0,695 1 -3,16 68,36 *26/-21 +2/-2 | +12/-12
-9 | 0,125 (| 0,1259 | 0,926 5 | -0,66 40,04 0,9 -0,92 32,06 +12/-11 +1/-1 46/-6
-8 0,16 0,158 5 | 0,967 1 | -0,29 22,97 1,004 0,04 -5{596 +12/-11 +1/-1 46/-6
-7 0,2 0,1995 | 0,9824 | -0,15 7,579 0,9928 | -0,06 [\—44,61 +12/-11 +1/-1 46/-6
-6 0,25 || 0,25612 | 0,9826 | -0,15 | -7,217 0,850 1 -1,41[ -85,43 +12/-11 +1/-1 46/—6
-5 0315 ([ 0,3162 [ 0,967 7 | -0,29 | -22,58 06149 | 4,22 | -125,5 +12/-11 +1/-1 46/—6
-4 0,4 0,3981 | 0,9279 | -0,65 -39,6 0,388 4> -8,22 | -162,1 +12/-11 +1/-1 46/—6
-3 0,5 05012 (08447 | 1,47 | -58,89 0,2225 | -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 | -5,47 | —100;1\1 0,054 34 | -25,30 | —254,6 +26/-21 +2/-2 | +12/-12
0 1 1 0,3689 | -8,66 | «117,6 | 0,02352 | -32,57 | -277,7 | +26/-100 | +2/—c0 | +po/—o0
1 1,25 1,259 | 0,2429 | -12,29(]| )-131,5 | 0,009 705 | 40,26 | -295,8 | +26/-100 | +2/—0 | +pwo/—©
2 1,6 1,685 | 0,156 1 | -#6,13" | -142,2 | 0,003 916 | 48,14 | -309,8 | +26/-100 | +2/—0 | +pwo/—©
3 2 1,995 | 0,099 2+=20,07 | -150,4 | 0,001 566 | -56,11 | -320,6 | +26/-100 | +2/— | +pwo/—©
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Figure B.9 — Magnitude of frequency weighting /7; for vertical whole-body vibration| z-axis
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Figure B.10 — Phase of frequency weighting 77; 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 77}, for hand-arm vibration, all directions,
based on ISO 5349-1

Frequency Band-limiting Weighting, 7}, Tolerance

" Hz

Nominal | True Factor dB dzg?es:s Factor dB dzg?es:s % dB deAg?eoes
-1 0,8 0,7943 | 0,01585( 36,00 | 169,7 0,01586 | -36,00 | 168,1 |+26/-100| +2/—0 | +oo/—o0
0 1 1 0,025 11| -32,00 167 0,02514 | -31,99 165 | +26/-100| +2/—0 | +oo/—0
1 1,25 1,259 |0,03978| —2801 [ 1635 0,03985 | —27.99 161 | +26/-100| +2/—w | +4oo/-oo
2 1,6 1,585 |0,06297 | —24,02 | 159,1 0,06314 | -23,99 | 155,9 |+26/-100| +2/—o0 [V Fpo/—o0
3 2 1,995 | 0,0995 | -20,04 | 153,4 0,09992 | -20,01 | 149,3 |+26/-100| +2[~%)| +pol—o0
4 25 2,512 | 0,1565 | -16,11 | 1461 0,157 6 -16,05 | 140,8 |+26/-100 |, +2/+0 | +po/—o0
5 3,15 3,162 | 0,2436 | -12,27 | 136,44 0,246 1 -12,18 | 129,7 |+26/-100\D) +2/-00 | +po/—0
6 4 3,981 | 0,3699 | -8,64 123,7 0,375 4 -8,51 115,2 [+26/-100 [ +2/-00 | +po/—0
7 5 5,012 | 0,5336 | -5,46 107,9 0,545 -5,27 96,7 | %26/-21 | +2/-2 |+12/-12
8 6,3 6,31 0,707 1 | -3,01 89,59 0,727 2 -2,77 74,91 (D +26/-21 | +2/-2 | +12/-12
9 8 7,943 | 0,8457 | -1,46 71,3 0,873 1 -1,18 5174 | +26/-21 | +2/-2 |+12/-12
10 10 10 09291 [ -0,64 55,36 0,951 4 -0,43.8 29,15 | +12/-11 [ +1/-1 +6/-6
11 12,5 12,59 | 0,9699 | -0,27 | 42,62 0,957 6 -0,38 7,81 +12/-11 | +1/-1 +6/-6
12 16 15,85 | 0,9877 | -0,11 32,76 0,895 8 20,96 | —12,05 | +12/-11 | +1/1 +6/-6
13 20 19,95 0,995 -0,04 | 25,14 0,782 -2,14 | =29,71 | +12/-11 | +1/-1 +6/-6
14 25 25,12 0,998 -0,02 19,15 0,6471 -3,78 | —44,37 | +12/-11 | +1/1 +6/-6
15 31,5 31,62 | 0,9992 [ -0,01 14,34 0,519 2 -5,69 | -55,89 | +12/-11 [ +1/-1 +6/-6
16 40 39,81 | 0,9997 0,00 10,38 0,411 1 -7,72 | -64,78 | +12/-11 | +1/1 +6/-6
17 50 50,12 | 0,999 9 0,00 7,027 0,324 4 -9,78 | 71,7 | +12/-11 | +1/-1 +6/-6
18 63 63,1 0,999 9 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 0,202 4 -13,88 | -81,94 | +12/-11 [ +1/-1 +6/-6
20 100 100 1 0;00 -1,33 0,160 2 -15,91 | -86,06 | +12/-11 | +1/-1 +6/-6
21 125 125,9 | 0,999 9 0,00 -4,065 0,127 -17,93 | -89,92 | +12/-11 | +1/-1 +6/-6
22 160 158,5 | 0,9999- 0,00 -7,027 0,100 7 -19,94 | -93,75 | +12/-11 [ +1/-1 +6/-6
23 200 199,5 | 0,9997 0,00 -10,38 | 0,07988 | -21,95 | -97,8 | +12/-11 | +1/-1 +6/-6
24 250 251,28 0,9992 | -0,01 | -14,34 [ 0,06338 | -23,96 | -102,3 | +12/-11 [ +1/-1 +6/-6
25 315 316;2 0,998 -0,02 | -19,15 | 0,05026 | -25,97 | -107,5 | +12/-11 | +1/-1 +6/-6
26 400 398,1 0,995 -0,04 | -25,14 0,039 8 -28,00 | -113,8 | +12/-11 [ +1/-1 +6/-6
27 500 501,2 | 0,9877 | -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 7943 | 09291 | -0,64 | -55,36 | 0,01862 | -34,60 | —144,7 | +12/-11 [ +1/-1 +6/-6
30 | 1000 1000 | 0,8457 | 1,46 | -71,3 0,01346 | -37,42 | -160,8 | +26/-21 | +2/-2 |+12/-12
31 1250 1259 | 0,7071 | -3,01 | -89,59 | 0,00894 | 40,97 | -179,2 | +26/-21 | +2/-2 |+12/-12
32 | 1600 1585 | 0,5336 | -5,46 | -107,9 | 0,005359 | -4542 | -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/—0 | +oo/—o0
34 | 2500 2512 | 0,2436 | -12,27 | -136,4 | 0,001 544 | -56,23 | —226,2 |+26/-100| +2/—0 | +oo/—0
35 | 3150 3162 | 0,1565 | -16,11 | —146,1 | 0,000 787 8 | —-62,07 | —235,9 |+26/-100| +2/—0 | +oo/—0
36 | 4000 3981 0,0995 | -20,04 | -153,4 | 0,000 397 8 [ —68,01 | —243,3 [+26/-100| +2/—0 | -oo/—c0
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Figure B.11 — Magnitude of frequency weighting /7|, for hand-arm vibration, all directions,
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Figure B.12 — Phase of frequency weighting 77, for hand-arm vibration, all directions,
based on ISO 5349-1
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Table B.7 — Frequency weighting W for vertical head vibration, x-axis
recumbent person, based on ISO 2631-1

Freq:zency Band-limiting Weighting, %] Tolerance
n
Nominal | True Factor dB dzg?:; Factor dB dzg‘;":ss % dB d(aAg;rOe(:as
-10 0,1 0,1 0,062 38| -24,10 | 159,3 0,030 99 -30,18 | 159,8 |+26/-100| +2/—0 | +oo/—0
-9 | 0,125 |0,1259 | 0,098 57 | 20,12 | 153,6 0,04897 | -26,20 | 154,2 |+26/-100| +2/-0 | +oo/-o0
-8 0,16 015851 01551 | 16,19 146.3 0.077 03 22,27 147 +26/-100 ] +4+2/-c0 [ +oo/—o0
-7 0,2 0,1995 | 0,2415 | -12,34 | 136,6 0,1199 -18,42 | 137,6 |+26/-100| +2/—c0 ~{Y }po/—o0
-6 0,25 0,2512 | 0,3669 | -8,71 1241 0,182 1 -14,79 | 1253 |+26/-100| +2/=c0)| +po/—o0
-5 1] 0,315((0,3162 | 0,53 -5,51 108,3 0,263 -11,60 | 109,9 | +26/-21 |\+2/-2 |+12/-12
-4 0,4 0,3981 | 0,7037 | -3,05 | 90,06 0,348 9 -9,15 | 92,06 | +26/-21 ) +2/-2 | +12/-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 0,9279 | -0,65 55,78 0,458 5 —6,77 59,02 { #2/-11 | +1/1 +6/-6
—1 0,8 0,7943 | 0,9693 | -0,27 | 43,01 0,477 6 -6,42 | 4748 +12/-11 | +1/-1 +6/-6
0 1 1 0,9874 | -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 | 2554 0,485 1 6,285\ 32,71 | +12/-11 | +1/-1 +6/-6
2 1,6 1,585 0,998 -0,02 19,58 0,483 2 -6,32 29,31 | +12/-11 | +1/1 +6/-6
3 2 1,995 | 0,9992 | -0,01 14,84 0,481 9 6,34 28,42 | +12/-11 | +1/1 +6/-6
4 2,5 2,512 | 0,9997 | 0,00 10,97 0,488 9 -6,22 | 30,41 | +12/-11 | +1/-1 +6/-6
5 3,15 3,162 | 0,9999 | 0,00 7,74 0,524'6 -5,60 | 35,14 | +12/-11 | +1/-1 +6/-6
6 4 3,981 0,999 9 0,00 4,941 0,625 1 —4,08 39,31 | +12/-11 | +1/1 +6/-6
7 5 5,012 1 0,00 2,416 0,794 8 -1,99 36,78 | +12/-11 | +1/-1 +6/-6
8 6,3 6,31 1 0,00 0,0244 0,947 -0,47 27,42 | +12/-11 | +1/1 +6/-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 0,9999 [ 0,00 ,1 -4,887 1,03 0,26 8,688 | +12/-11 | +1/-1 +6/-6
11 12,5 12,59 | 0,9999 0,00 —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 19,95 | 0,999.2 | -0,01 -14,75 1,012 0,10 -9,33 | +12/-11 | +1/1 +6/-6
14 25 25,12 0,998 -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 -25,4 1 0,00 -22,16 | +12/-11 | +1/1 +6/-6
16 40 39,81 0,9877 | -0,11 -32,97 0,991 1 -0,08 | -30,43 | +12/-11 | +1/-1 +6/-6
17 50 5042 1 09699 027 4278 0972 025 4078 1 12/ 14 | 11/ 1 16/-6
18 63 63,1 0,9291 | -0,64 | -55,49 0,930 4 -0,63 | -53,9 | +12/-11 | +1/-1 +6/-6
19 80 79,43 | 0,8457 | 1,46 | -71,41 0,846 5 -1,45 | -70,15 | +26/-21 | +2/-2 | +12/-12
20 100 100 0,707 1 -3,01 —-89,68 0,707 5 -3,01 -88,68 | +26/-21 | +2/-2 |+12/-12
21 125 1259 | 0,5336 | -5,46 | -107,9 0,533 8 -5,45 | -107,1 | +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/—0 | +oo/—0
23 200 199,5 | 0,2436 | -12,27 | -136,4 0,2437 -12,26 | -135,9 [+26/-100| +2/—0 | +oo/—o0
24 250 251,2 | 0,1565 | -16,11 | —-146,1 0,156 5 -16,11 | —145,7 |+26/-100 | +2/—00 | +oo/—0
25 315 316,2 | 0,0995 | -20,04 | -153,5 0,099 51 -20,04 | —153,2 |+26/-100| +2/—0 | +oo/—o0
26 400 398,1 [0,06297 | 24,02 | -159,2 0,062 97 —24,02 | -158,9 |+26/-100| +2/—0 | +oo/—0
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Figure B.13 — Magnitude of frequency weighting W for vertical head vibration, x-pxis
recumbent person;-based on ISO 2631-1
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Figure B.14 — Phase of frequency weighting 7; for vertical head vibration, x-axis
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Table B.8 — Frequency weighting 77 for vertical whole-body vibration, z-axis
seated, standing or recumbent person, based on ISO 2631-1

Frequency Band-limiting Weighting, 7 Tolerance
\ Hz
Nominal | True Factor dB dzg?es:s Factor dB dzg?es:s % dB deAg?eOes
-10 0,1 0,1 0,062 38| —24,10 | 159,3 0,03121 | -30,11 | 159,8 |+26/-100| +2/— | +oo/—o0
-9 | 0,125 |0,1259 | 0,098 57 | -20,12 | 153,6 0,04931 | 26,14 | 154,3 |+26/-100| +2/—0 | -+oo/—o0
-8 0,16 01585 1 01551 | —16 19 146.3 0,077 56 =22 21 1471 1426/-100) 4+2/—x +00/—00
-7 0,2 0,1995| 0,2415 | -12,34 | 136,6 0,1207 -18,37 | 137,7 |+26/-100 | +2/—00~Y Fpo/—0
-6 0,25 || 0,2512 | 0,3669 | -8,71 1241 0,183 2 -14,74 | 1254 |+26/-100 | +2/=00| +pol—o0
-5 | 0,315]] 0,316 2 0,53 -5,51 108,3 0,264 4 -11,55 | 109,9 | +26/-21 [n+2/-2 | +12/-12
-4 0,4 0,3981 | 0,7037 | -3,05 90,06 0,350 4 -9,11 92,2 | +26/-21- ¢ +2/-2 | +12/-12
-3 0,5 0,5012 ] 0,8434 | -1,48 71,76 0,418 8 -7,56 74,54 | +26/-21 | +2/-2 |+12/-12
-2 0,63 0,631 | 0,9279 | -0,65 55,78 0,458 8 -6,77 59,44 { +12/-11 | +1/-1 +6/-6
-1 0,8 0,7943 ] 0,9693 | -0,27 | 43,01 0,476 7 -6,44 | 47,96 “{ +12/-11 | +1/-1 +6/—6
0 1 1 0,9874 | -0,11 33,15 0,482 5 -6,33 | 40,06 | +12/-11 [ +1/-1 +6/—6
1 1,25 1,259 | 0,9949 | -0,04 | 25,54 0,484 6 -6,29 35,55 | +12/-11 | +1/-1 +6/—6
2 1,6 1,585 0,998 -0,02 19,58 0,493 5 -6,13 | 34,48 | +12/-11 [ +1/-1 +6/-6
3 2 1,995 | 0,9992 | -0,01 14,84 0,530 8 ~5,50 36,45 | +12/-11 | +1/-1 +6/-6
4 25 2,512 | 0,9997 0,00 10,97 0,633 5 -3,97 37,98 | +12/-11 | +1/-1 +6/—6
5 3,15 3,162 | 0,999 9 0,00 7,74 0,807+1 -1,86 32,73 | +12/-11 | +1/-1 +6/—6
6 4 3,981 | 0,9999 0,00 4,941 0,964 8 -0,31 20,35 | +12/-11 | +1/-1 +6/-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 0,46 | -6,841 [ +12/-11 | +1/-1 +6/-6
9 8 7,943 1 0,00 =2,366 1,037 0,32 | -19,73 | +12/-11 | +1/-1 +6/—6
10 10 10 0,999 9 0,00 -4,887 0,988 4 -0,170 | -33,3 | +12/-11 [ +1/-1 +6/—6
11 12,5 12,59 | 0,999 9 0,00 -7,679 0,898 9 -0,93 | -47,62 | +12/-11 | +1/-1 +6/-6
12 16 15,85 | 0,999 7+ 0,00 -10,9 0,774 3 -2,22 | -61,84 | +12/-11 | +1/-1 +6/-6
13 20 19,95 | 0,999.2 | -0,01 | -14,75 0,637 3 -3,91 | =75,03 | +12/-11 | +1/-1 +6/—6
14 25 25,12 0,998 -0,02 | -19,47 0,510 3 -5,84 | -87,02 | +12/-11 | +1/-1 +6/—6
15 31,5 31,62 0,995 -0,04 | -254 0,403 1 -7,89 | 98,35 | +12/-11 [ +1/-1 +6/—6
16 40 39,81 | 0,9877 | -0,11 | -32,97 0,316 -10,01 | -109,9 | +12/-11 [ +1/-1 +6/-6
17 50 504209699 027 4278 02451 4224 1227 42/ 44 +H—4 +6/-6
18 63 63,1 09291 | -0,64 | -55,49 0,1857 -14,62 | -137,6 | +12/-11 [ +1/-1 +6/—6
19 80 79,43 | 0,8457 | -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 | -107,9 | 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/—0 | +oo/—o0
23 200 199,5 | 0,2436 | -12,27 | -136,4 | 0,01528 | -36,32 | —224 |+26/-100| +2/—0 | -+oo/—o0
24 250 2512 | 0,1565 | -16,11 | —-146,1 | 0,007 795 | —42,16 | -234,2 [+26/-100 | +2/—00 | +oo/—0
25 315 316,2 | 0,0995 | -20,04 | -153,5 | 0,003935 | -48,10 | —241,9 [+26/-100| +2/-00 | +oo/—o0
26 400 398,1 |0,06297 | -24,02 | -159,2 | 0,001 978 | -54,08 | —247,9 |[+26/-100| +2/-00 | +oo/—o0
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Figure B.15 — Magnitude of frequency weighting 77 for vertical whole-body vibration, z-axis
seated, standing or recumbeént person, based on ISO 2631-1
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Figure B.16 — Phase of frequency weighting 7, 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 77, for whole-body vibration in buildings, all directions, based on

ISO 2631-2
Frequenc
qH y Band-limiting Weighting, 7, Tolerance
z
n
. Phase Phase 0 Agpg
Nominal | True Factor dB degrees Factor dB degrees % dB degrees
-10 0,1 0,1 0,01585| -36,00 | 169,7 0,015 84 -36,00 | 168,7 |+26/-100| +2/—o0 | -+oo/—o0

-9 0,125 [ 0,1259 | 0,025 11 | -32,00 166,9 0,025 1 -32,00 165,7 |+26/-100| +2/—x +00/—c0
-8 0,16 01585 1003978 ] 28 01 163.5 0,039 76 =28 01 1619 [+26/-100{ +2/-o +00/—00

-7 0,2 0,1995 | 0,062 97 | —-24,02 | 159,1 0,06293 | 24,02 | 157,1 |+26/-100| +2/—00 Y Fpo/—0
-6 0,25 || 0,2512 | 0,0995 | -20,04 | 153,4 0,099 41 -20,05 [ 150,8 |+26/-100| +2/=00-| +po/—o0
-5 0,315|( 0,316 2 | 0,156 5 | -16,11 146 0,156 3 -16,12 | 142,8 |+26/-100 | p+2/—00 | -+po/—o0
-4 0,4 0,398 1| 0,2436 | —12,27 | 136,3 0,243 -12,29 | 132,2 |+26/-100} +2/—00 | -+po/—o0
-3 0,5 0,5012 | 0,3699 | -8,64 123,6 0,368 4 -8,67 118,6 |+26/—100| +2/—00 | +po/—c0
-2 0,63 0,631 0,5336 | -5,46 107,7 0,530 4 -5,51 101,3 { +26/-21 | +2/-2 |[+12/-12
-1 0,8 0,794 3 | 0,707 1 -3,01 89,36 0,700 3 -3,09 814 +26/-21 +2/-2 | +12/-12
0 1 1 0,8457 | -1,46 71 0,832 9 -1,59 64,03 | +26/-21 +2/-2 | +12/-12
1 1,25 1,259 | 0,929 1 -0,64 54,98 0,907 1 -0,85 42,49 | +12/-11 +1/-1 +6/-6
2 1,6 1,585 | 0,9699 | -0,27 42,14 0,934 2 -0,59 26,56 | +12/-11 +1/-1 +6/-6
3 2 1,995 | 0,9877 | -0,11 32,17 0,9319 0,61 12,83 | +12/-11 | +1/-1 +6/-6
4 2,5 2,512 0,995 -0,04 24,39 0,910 1 -0,82 | 0,5459 | +12/-11 +1/-1 +6/-6
5 3,15 3,162 0,998 -0,02 18,2 0,872\1 -1,19 | -10,89 | +12/-11 +1/-1 +6/-6
6 4 3,981 0,9992 | -0,01 13,15 0,818 4 -1,74 | -21,86 | +12/-11 | +1/1 +6/-6
7 5 5,012 | 0,9997 0,00 8,884 0,749 8 -2,50 | -32,52 | +12/-11 | +1/1 +6/-6
8 6,3 6,31 0,999 9 0,00 5,135 0,669 2 -3,49 | -42,85 | +12/-11 +1/-1 +6/-6
9 8 7,943 | 0,999 9 0,00 1,68 0,581 9 -4,70 | -52,73 | +12/-11 +1/-1 +6/-6
10 10 10 0,999 9 0,00 -1,68 0,494 1 -6,12 | -62,07 | +12/-11 | +1/1 +6/-6
11 12,5 12,59 | 0,9999 0,00 -5,135 0,411 4 -7,71 | =70,84 | +12/-11 | +1/1 +6/-6
12 16 15,85 | 0,999 7 0,00 -8,884 0,337 5 -9,44 | -79,15 | +12/-11 +1/-1 +6/-6
13 20 19,95 | 0,9992 | -0,01 -13,15 0,273 8 -11,25 | -87,25 | +12/-11 +1/-1 +6/-6
14 25 25,12 0;998 -0,02 -18,2 0,220 3 -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 0,9877 | -0,11 -32,17 0,1396 -17,10 -114 +12/-11 +1/-1 +6/-6
17 50 5012 | 09699 | 027 | 4214 | 010903 | 1923 | 1257 | +12/11 | 21/ 1 | U6/ 6

18 63 63,1 09291 | -0,64 | 54,98 | 0,08336 | -21,58 | -139,8 | +12/-11 | +1/1 +6/-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 | -27,93 | -176,1 | +26/-21 | +2/-2 | +12/-12
21 125 1259 | 0,5336 | -5,46 | -107,7 | 0,02407 | -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/—0 | +4o0/—0
23 200 199,5 | 0,2436 | -12,27 | -136,3 | 0,006 937 | —43,18 | —-224,6 |+26/-100| +2/—0 | +oo/—o0
24 250 251,2 | 0,156 5 | -16,11 -146 0,003 541 | —49,02 | -234,7 |+26/-100| +2/—0 | +oo/—o0
25 315 316,2 | 0,0995 | —20,04 | -153,4 | 0,001 788 | 54,95 | —242,3 |+26/-100 | +2/—0 | +oof—o0
26 400 398,1 [0,06297| 24,02 | -159,1 | 0,000899 | 60,92 | —248,3 |[+26/-100 | +2/—0 | +oo/—o0
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Higure B.17 — Magnitude of frequency weighting /7, for whole-body vibration in buildings, all
directions, based on ISO 2631-2
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Figure B.18 — Phase of frequency weighting 77, 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

C.1 Frequency domain

C.1.1 Genetal

Any form of fr[;uency analysis, analog or digital, real-time, one-third-octave or FFT analysis, may-be u

produce the f
spectral comy

.

where w; is th

1

NOTE Fre
measurements
the inverse of t

C.1.2 One-third-octave band analysis

For one-third
bands ranging

Multiply the V
(given in Tabl

C.1.3 Fast |
The weighteq

Equation (C.1
factors, w, sh

.

i

equency-weighted r.m.s. acceleration value by summation of the squares of the weighted
onents a;:

Wial)z

p:
.

b weighting factor at the ith frequency band.

quency analysis cannot be used for VDV. Frequency analysis, cannot be used for the running

sed to
r.m.s.

(C.1)

rm.s.

required by this International Standard due to the short (1 s) averaging time (or time constant) in relation to

he filter bandwidth.

octave bands, use the centre frequencies, stated in Tables B.1 to B.9. Use one-third-
from at least one octave above and one octave below the frequency limits (f; and f; in Ta

ibration acceleration values by the appropriate frequency-weighting factor calculated frg
s B.1 to B.9) before squaring and summation according to Equation (C.1).

fourier Transform (FFET)
r.m.s. acceleration-value can be obtained from the FFT r.m.s. spectral components

) or the power speotral density components (P;) using Equation (C.2). However, the wei
puld be obtained using Equations (8) to (12) rather than Tables B.1 to B.9.

, 7
| Wi PAf

bctave
ble 3).

m 5.6

using
ghting

(C.2)

In the summa

on process or power spectra, the Spectral overiap caused DYy lime WInaowing snoulia pe

taken

into account. For a broad-band spectrum, divide the frequency-weighted acceleration a,, calculated from
Equation (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

Hann

ing 1,5 General purpose, non-stationary random processes

Flat-top

3,77 Periodic or sinusoidal signal (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 five times the highest frequency in the
nominal frequency range.

C.2 Time domain

C.21

Introduction

The e
using
beforg
methd

maxirmum value of a running r.m.s. signal is required (see Annex D). In this case;’the freque
I

shou
accelq

The a
would

C.2.2

While

are generally used for digital filters to be realized in saftware. The transfer function of a digitg

repres
to the

Y]

H(z) c

NS

where

the r.m.s. averaging of a time history, or after the computation of an r.m.s.-averaged sp
d will give the same result. However, for parameters such as MTVV [see Equations (3

be applied to the time history before the integration since, by definition] the maximum of
ration is determined.

pplication of digital filtering in the time domain eliminates the need for analog filters wh
be costly and bulky, particularly in multi-channel systems.

Conversion of filters from frequency domain to time domain

Laplace transforms are appropriate for the design of.analog filters in the frequency domair

transform X(z) of the input signal through the“product:

AN be expressed as:

M .
Z biz™"

i=0

{(z):N—
1+Zaizfi
i=1

and\pb:  are coefficients;

valuation of vibration acceleration signals with respect to human response involves frequelvcy weighting
one of the filters specified in 5.6. For linear time averages, the frequency weighting can be applied

ectrum; either
and (4)], the
ncy weighting
the weighted

ich otherwise

, z-transforms
| filter can be

ented by its z-transform H(z). In the z-domain, the transform Y(z) of the output from a digital filter relates

(C.3)

(C.4)

Mand N are the number of zeros and poles, respectively.

The equivalent expression in the time domain is:

M N
y(t;) = Z byx(t; ) - Zajy(t[—j)
k=0 j=1

where

x(¢;) and y(z;) 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 [8]). 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:

z—1
e o

where T is the sampling interval. A similar approach, or alternatively the impulse invariant method, may be
used for the fifters for a-v 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 IIR filtering
technique (Infinite Impulse Response) following Equation (C.5).

As an example, a MATLAB® code is given in Figure C.1 for the W, filter, utilizing the-built-in function ‘fifter.m’
and, from thelsignal analysis toolbox, 'butter.m’ and ’bilinear.m’.?)

NOTE The¢ MATLAB® code in Figure C.1 requires a sample rate of at least, 9\times the upper frequency limjt /> (in
Table 3) to prqduce filters within the tolerances required by this International Standard. The MATLAB code cduld be
modified to allow lower sample rates, e.g. by use of the cotan transformation:

__ 2me  z-1
~tan(nfcTs) z+1

N

where f is th¢ cut-off frequency.

1) MATLAB® is an example of a suitable product available commercially. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of this product.
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o
]

o

o

%

[b
[b

o

°

B3
A3
[b

]

w3 = 2*pi*f3;
wd = 2*pi*f4;
w5 = 2*pi*f5;
wo = 2*pi*fo;
nyq = fs/2; % Nyquist frequency

function y = isofilwk(x,fs)

% ISOFILWK

% Filter ISO 8041 Wk, whole body, vertical direction
% y = isofilwk (x, fs)

% y output signal, acceleration

% X input signal, acceleration

% fs sampling frequency Hz

% bilinear transformation algorithm is used
f2 = 100;

f3 = 12.5;

f4 = 12.5;

Q4 = 0.63;

f5 = 2.37;

Q5 = 0.91;

fe = 3.35;

Q6 = 0.91;

Note that in the function “butter” the variables Q1 and Q2 are
effectively set to equal to 1/sqrt(2), thexeflore they don’t need
to be explicitly set here.

determine parameters foxr/band limiting high pass and low pass

1,al] = butter (2, £&fnyq, "high'"); % High pass
2,a2] butter (245£27/nyq) ; % Low pass

determine parameters for a-v transition

[1/w3 9%
= [1/w4/w4 1/Q4/wd 17;
3,a3)}~% bilinear (B3,A3,fs);

détermine parameters for upward step

o\

KKK K

B4 = [1/wh/wh 1/Q5/wh 1]1*wh*wbh/wo/wo;
A4 = [1/w6/w6 1/Q6/w6 1];
[b4,a4] = bilinear (B4,R24,fs);

Apply filter to input signal vector x (output to signal vector vy)

= filter (b2,a2,x);

= filter(bl,al,vy);
( )
( )

o

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

Apply upward step

oo

’

oo

= filter (b3,a3,y
= filter(b4,ad,y

’

o

Figure C.1 — Example code for applying the frequency weighting 7, 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 running r.m.s. acceleration evaluation, Equation (3), became achievable in practice with digital signal

processing, W

Integrate
(sum)

Divide

by 6

Square

root

nich allows Inexpensive storage or a large amount or data (signal samples); see Figure D.1.

drms.,

p(K)

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

a*(k) .
K
M Square | Add
Delay |l 1a(k - g/at)P
by 6
Key
k  is the sample number
At is the samile period
@ s the integration time
D.2 Exponential running r.m.s. time.averaging

Exponential 1
measurement
weightings “s
meters also

unning r.m.s. evaluation, Equation (4), has been used for a long time in the field of
and human vibration measurement. First, it was standardized for sound level meters as th
ow” (time constant of{ 1)s) and “fast” (time constant of 0,125 s), then later for human vik
(ISO 8041:1990). \Exponential time weighting is also known as “exponential avera

sound
e time
ration

ging”,

“exponentially time-weighted rims.” or as “running r.m.s. with exponential time window”. Figure D.2 $hows
how exponential running r.m.s./acceleration averaging can be achieved.
2
as(k)
a(k) * Multiply * Square |@rms, (k)
Squaré | Add by m T Add root
[ ms. (K - 1) Delay [0 ms. (k)P
by At
Key

m=1—exp(-At/7)
7 is the time constant

72

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