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Abstract

This part of ISO 2631 defines methods for the measurement of periodic, random and transient whole-body
vibration. It indicates the principal factors that combine to determine the degree to which a vibration
exposure will be acceptable. Informative annexes indicate current opinion and provide guidance on the
possible effects of vibration on health, comfort and perception and motion sickness. The frequency range
considered is

- 0.5 Hz to 80 Hz for health, comfort and perception and

- 0.1 Hz to 0.5 Hz for motion sickness.

Although the potential effects on human performance are not covered, most of the guidance on whole-body
vibration measurement also applies to this area. This part of ISO 2631 also defines the principles of
preferred methods of mounting transducers for determining human exposure. It does not apply to the
evaluation of extreme-magnitude single shocks such as occur in vehicle accidents.

This part of ISO 2631 is applicable to motions transmitted to the human body as a whole through the
supporting surfaces: the feet of a standing person, the buttocks, back and feet of a seated person or the
supporting area of a recumbent person. This type of vibration is found in vehicles, in machinery, in buildings
and in the vicinity of working machinery.
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AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America (ASA) provides the Secretariat for Accredited
Standards Committees S1 on Acoustics, S2 on Mechanical Vibration and Shock,
S3 on Bioacoustics, and S12 on Noise. These committees have wide represen-
tation from the technical community (manufacturers, consumers, trade associa-
tions, general interest, and government representatives). The standards are pub-
lished by the Acoustical Society of America through the American Institute of
Physics as American National Standards after approval by their respective stan-
dards committees and the American National Standards Institute.

These standards are developed and published as a public service to provide
standards useful to the public, industry, and consumers, and to Federal, State and
local governments.

Each of the Accredited Standards Committees [operating in accordance with pro-
cedures approved by American National Standards Institute (ANSI)] is responsible
for developing, voting upon, and maintaining or revising its own standards. The
ASA Standards Secretariat administers committee organization and activity, and
provides liaison between the Accredited Standards Committees and ANSI. After
the standards have been produced and adopted by the Accredited Standards
Committees, and approved as American National Standards by ANSI, the ASA
Standards Secretariat arranges for their publication and distribution.

An American National Standard implies a consensus of those substantially con-
cerned with its scope and provisions. Consensus is established when, in the
judgment of the ANSI Board of Standards Review, substantial agreement has
been reached by directly and materially affected interests. Substantial agreement
means much more than a simple majority, but not necessarily unanimity. Consen-
sus requires that all views and objections be considered, and that a concerted
effort be made toward their resolution.

The use of an American National Standard is completely voluntary. Their existence
does not in any respect preclude anyone, whether he has approved the standards
or not, from manufacturing, marketing, purchasing, or using products, processes,
or procedures not conforming to the standards.

NOTICE: This American National Standard may be revised or withdrawn at any
time. The procedures of the American National Standards Institute require that
action be taken periodically to reaffirm, revise, or withdraw a standard.
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Foreword

[This foreword is not part of the Nationally Adopted International Standard (NAIS), Mechani-
cal vibration and shock — Evaluation of human exposure to whole body vibration — Part 1:
General requirements, ANSI $3.18-2002, ISO 2631-1:1997.]

This Nationally Adopted International Standard (NAIS) comprises a part of a group
of definitions, standards, and specifications for use in acoustical work. It has been
adopted by the American National Standards Institute utilizing the Accredited
Standards Committee Procedures, under the Secretariat of the Acoustical Society
of America.

Accredited Standards Committee S3, Bioacoustics, under whose jurisdiction this
NAIS Standard was adopted, has the following scope:

Standards, specifications, methods of measurement and test, and terminology
in the fields of psychological and physiological acoustics, including aspects of
general acoustics, shock, and vibration which pertain to biological safety, tol-
erance and comfort.

This Standard is identical to International Standard 1SO 2631-1:1997, Mechanical
vibration and shock — Evaluation of human exposure to whole body vibration,
which was prepared by Technical Committee ISO/TC 108, Mechanical vibration
and shock, Subcommittee SC 4, Human exposure to Mechanical vibration and
shock.

At the time this NAIS Standard was submitted to Accredited Standards Committee
$3, Bioacoustics, for final approval, the membership was as follows:

R. F. Burkard, Chairman
J. Franks, Vice Chairman
S. B. Blaeser, Secretary

Acoustical Society of America . ......... .. i R. F. Burkard
J. Franks (Alt)
American Academy of Audiology . .. ......... i L. Shotland

D. A. Fabry (Alt)
American Academy of Otolaryngology,

Head and Neck Surgery, Inc. ........ ... .. ... .. ... ..., R. A. Dobie

L. A. Michael (Alt)
American Industrial Hygiene Assaociation ....................... J. Banach

D. Driscoll (Alt)
American Otological Society ........... ... . ... .. ... R. F. Naunton
American Speech-Hearing-Language Association (ASHA) ........ G. Linn

R. Levinson (Alt)
Audio Engineering Society . ... D. Queen

M. R. Chial (Alt)
Council for Accreditation in Occupational

Hearing Conservation (CAOHC) .................. ... ....... R. D. Bruce
E. H. Berger (Alt)
Caterpillar, Inc. . ... D. Roley
K. G. Meitl (Alt)
Hearing Industries Association ............... ... ... .o il R. Scicluna

C. M. Rogin (Alt)
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Howard Leight Industries ............. .. ... o it V. Larson

E. Woo (Alt.)
International Safety Equipment Association ..................... J. Birkner

J. C. Bradley (Alt.)
MAICO . s S. Savre

D. Speidel (Alt)
National Hearing Aid Society ......... ... ... .. ... ... ..., R. Giles
National Institute of Standards and Technology ................. V. Nedzelnitsky

R. Wagner (Alt)
Power Tool Institute . ........c oo S. Broadbent

J. Nosko (Alt)
U.S. Army Aeromedical ResearchLab ......................... W. Ahroon

D. Ostler (Alt)
US. Army CERL . ... . e L. Pater
U.S. Army Human Research & Engineering Directorate .......... T. R. Letowski

J. Kalb (Alt)
U.S. Departmentof the Air Force . ........... ... . ... ... ..... R. McKinley

Individual Experts of Accredited Standards Committee S3, Bioacoustics, were:

J. Bareham K. D. Kryter P. D. Schomer
R. Benson R. McKinley H. E. von Gierke
A. Brammer C. W. Nixon D. E. Wasserman
J. L. Fletcher L. A. Wilber

T. A. Frank D. D. Reynolds W. A. Yost

R. S. Gales J. D. Royster R. W. Young

D. Johnson L. H. Royster

Working Group S3-39, Human Exposure to Mechanical Vibration and Shock,
which assisted Accredited Standards Committee S3, Bioacoustics, in the prepa-
ration of this Standard, had the following membership:

D.D. Reynolds -Chair

N. Alem D. Roley

M. Cherniack 3. D. Smith

R. Dong E. D. Sussman
T. Jetzer D. E. Wasserman
W. Pielemeier J. Wasserman

J. Rescigno D. Wilder

Suggestions for improvement of this Standard will be welcomed. They should be
made in writing to Accredited Standards Committee S3, Bioacoustics, in care of
the Standards Secretariat, Acoustical Society of America, 35 Pinelawn Road, Suite
114E, Melville, New York 11747-3177.

Telephone: 631-390-0215
FAX: 631-390-0217
E-mail asastds@aip.org
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INTERNATIONAL STANDARD © iSO ISO 2631-1:1997(E)

Mechanical vibration and shock — Evaluation of human exposure
to whole-body vibration —

Part 1:
General requirements

1 Scope

This part of ISO 2631 defines methods for the measurement of periodic, random and transient whole-body
vibration. It indicates the principa! factors that combine to determine the degree to which a vibration exposure will
be acceptable. Informative annexes indicate current opinion and provide guidance on the possible effects of
vibration on heaith, comfort and perception and mation sickness. The frequency range considered is

— 0,5 Hz to B0 Hz for health, comfort and perception, and
— 0,1 Hz to 0,6 Hz for mation sickness.

Although the potential effects on human performance are not covered, most of the guidance on whole-body
vibration measurement also applies to this area. This part of 1SO 2631 also defines the principles of preferred
methods of mounting transducers for determining human exposure. it does not apply to the evaluation of extreme-
magnitude single shocks such as occur in vehicle accidents.

This pan of 1ISO 2631 is applicable to motions transmitted to the human body as a whole through the supporting

surfaces: the feet of a standing person, the buttocks, back and feet of a seated person or the supporting area of a

recumbent person. This type of vibration is found in vehicles, in machinery, in buildings and in the vicinity of
working machinery.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part
of ISC 2631. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of 1ISC 2631 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently
valid International Standards.

ISO 2041:1990, Vibration and shock — Vocabulary.

SO 5805:1997, Mechanical vibration and shock — Human exposure — Vocabulary.

1SO 8041:1990, Human response to vibration — Measuring instrurnentation.

{EC 1260:1985, Electroacoustics — Octave-band and fractional-octave-band filters.
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1S0 2631-1:1997(E)

3 Definitions

© IS0

For the purposes of this part of 1SO 2631, the terms and definitions given in ISO 2041 and ISO 5805 apply.

4 Symbols and subscripts

4.1 Symbols

a Vibration acceleration. Translational acceleration is expressed in metres per second squared {(m/s2) and
rotational acceleration is expressed in radians per second squared (rad/s2). Values are quoted as root-
mean-square {r.m.s} unless stated otherwise

Hip} Transfer function, or gain, of a filter expressed as a function of the imaginary angular frequency
(complex frequency)

p=j2rf Imaginary angular frequency

w Frequency weighting

4.2 Subscripts

¢, d, e, {, }, k Refer to the various frequency-weighting curves recommended for evaluation with respect to healith,
comfort, perception and motion sickness (see tables 1 and 2).

w Refers to frequency-weighted acceleration values.

X ¥z

Refer to the direction of translational, or rectilinear, vibration (see figure 1).

For rotational vibration, they refer to the axis of rotation, r. {Rotation about x-, y- and z-axes is

designated roli, pitch and yaw, respectively, see figure 1.)

v Refers to the vector sum of the overall weighted acceleration in the x-, y- and z-axes.

Table 1 — Guide for the application of frequency-weighting curves for principal weightings

Frequency weighting Health Comfort Percaption Motion sickness
isee clause 7) {see clause B) (see clause B) (see clause 9)
Wy z-axis, seat surface z-axis, seat surface z-axis, seat surface —
z-axis, standing z-axis, standing
vertical recumbent vertical recumbent
{except head) {except head}
x-, y-, z-axes, feet
{sitting}
Wy x-axis, seat surface x-axis, seat surface x-axis, seat surface —
y-axis. seat surface y-axis, seat surface y-axis, seat surface
x-, y-axes, standing x-, y-axes, standing
horizontal recumbent honzontal recumbent
y-, z-axes, seat-back
W, — — — vertical

Table 2 — Guide for the application of frequency-weighting curves for additional weighting factors

Frequency weighting Health Comfort Perception Motion sickness
(see clause 7) {see clause 8) {see clause 8) (see clause 9}
W, x-axis, seat-back' x-axis, seat-back x-axis, seat-back —_
W, — Iy, Iy, ro8XES, seat re. 7y r-axes, seat surface —
surface

W, — vertical recumbent {head} 2'| vertical recumbent {head) 2! —

1) See note in subclause 7.2.3

2] See note in subclause 8.2.2 3.
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Seat-back

3} Seated position

ISO 2631-1:1997(E)

z

b} Standing position
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t} Recumbent pasitlon

Figure 1 — Basicentric axes of the human body
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ISO 2631-1:1997{E) ©1S0

5 Vibration measurement

5.1 General
The primary quantity of vibration magnitude shall be acceleration (see 4.1).

In case of very low frequencies and low vibration magnitudes, e.g. in buildings or ships, velocity measurements
may be made and transiated into accelerations.

5.2 Direction of measurement

§.2.1 Vibration shall be measured according to a coordinate system originating at a point from which vibration is
considered to enter the human body. The principal relevant basicentric coordinate systems are shown in figure 1.

5.2.2 If it is not feasible to obtain precise alignment of the vibration transducers with the preferred basicentric
axes, the sensitive axes of transducers may deviate from the preferred axes by up to 15° where necessary. For a
person seated on an inclined seat, the relevant orientation should be determined by the axes of the body, and the
z-axis will not necessarily be vertical. The orientation of the basicentric axes to the gravitational field should be
noted.

§,2.3 Transducers located at one measurement location shall be positioned orthogonally. Translational
accelerometers orientated in different axes at a single measurement location shall be as close together as possible.

5.3 Location of measurement

5.3.1 Transducers shall be located so as to indicate the vibration at the interface between the human body and the
source of its vibration.

Vibration which is transmitted tc the body shali be measured on the surface between the body and that surface.

The principal areas of contact between the body and a vibrating surface may not always be self-evident. This part
of ISO 2631 uses three principal areas for seated persons: the supporting seat surface, the seat-back and the feet.
Measurements on the supporting seat surface should be made beneath the ischial tuberosities. Measurements on
the seat-back should be made in the area of principal support of the body. Measurements at the feet should be
made on the surface on which the feet are most often supported. For recumbent positions, this part of ISO 2633
considers the supporting surface to be under the peivis, the back and the head. In all cases the location of
measurement shall be fully repaorted.

NOTES

1 Where direct measurements are not practicable, vibration may be measured at a rigid portion of the vehicle or building
structure such as the centre of rotation or the centre of gravity. The evaluation of such data in terms of human response
requires additional calculations and requires knowledge about the structural dynamics of the system being evaluated.

2 Measurements at the seat-back are preferably made at the interface with the body. Where this is difficult, measurements

may be made on the frame of the seat behind the backrest cushion. If measurements are made at this position they are to he
corrected for the transmissibility of the cushion material.

3 Vibration which is transmitted to the body from rigid surfaces may be measured on the supporting surface closely adjacent
to the area of contact between the body and that surface (usually within 10 cm of the centre of this area).

5.3.2 Vibration which is transmitted to the body from a non-rigid or resilient material {e.g. the seat cushion or
couch} shall be measured with the transducer interposed between the person and the principal contact areas of the
surface. This should be achieved by securing the transducers within a suitably formed mount. The mount shall not
greatly alter the pressure distribution on the surface of the resilient material. For measurements on non-rigid
surfaces, a person shail adopt the normal position for the environment.

NOTE — A commonly used design for accelerometer mount for seat vibration measurements is given in 1SO 10326-1.
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© (SO 1SO 2631-1:1997(E)

5.4 General requirements for signal conditioning

The vibration evaluation procedures defined in this part of 1SO 2631 incorporate methods of averaging vibration
over time and over frequency bands. The frequency response of the vibration transducer and associated signal
conditioning prior to signal processing shall be appropriate to the range of frequencies specified in the relevant
clauses of this part of 1SO 2631.

The dynamic range of the signal-conditioning equipment shall be adequate for the highest and lowest signals.
Signals to be recorded for later analysis may first be passed through a low-pass filter having a cutoff (- 3 dB)
frequency of approximately 1,5 times the highest frequency of interest in order to maximize the signal-to-noise
ratio and the phase characteristic shall be linear within the range of frequencies specified in the refevant clauses of
this part of ISO 2631.

5.5 Duration of measurement

The duration of measurement shall be sufficient to ensure reasonable statistical precision and to ensure that the
vibration is typical of the exposures which are being assessed. The duration of measurement shall be reported.

Where complete exposure consists of various periods of different characteristics, separate analysis of the various
periods may be required.

NOTE — For stationary random signals, the measurement accuracy depends on the filter bandwidth and measurement
duration. For example, to obtain a measurement error of less than 3 dB at a confidence level of 90 % requires a minimum
measurement duration of 108 s for a lower limiting frequency (LLF) of 1 Hz and 227 s for a LLF of 0,5 Hz, when the analysis is
done with a one-third octave bandwidth. The measurement period is normally much longer, such that it is representative of the
vibration exposure.

5.6 Reporting of vibration conditions

This part of 1SO 2631 has been formulated to simplify and standardize the reporting, comparison and assessment
of vibration conditions. Proper use of this standard should result in clear documentation of resuits. This will involve

a reference to the appropriate clauses and annexes of this part of ISO 2631 and to one or mare of the frequency
weightings.

Where alternative methods are described in this part of ISC 2631 it 1s important that the methods used are clearly
reparted.

Users of this part of IS0 2631 are encouraged to report both the magnitude and duration of any vibration exposure
being assessed. If additional evaluation methods are applied according to 6.3 {e.g. when the crest factor is greater
than 9) both the basic value and the additional value shall be reported. If the crest factor is determined, the time
period of its measurement should be reported.

The specitication of the severity of complex vibration conditions by one, or a few, values is convenient and often
essential. However, it is desirable that more detailed information on vibration conditions become available. Reports
should include information on the frequency content (i.e. vibration spectra), vibration axes, how conditions change
over time, and any other factors which may influence the effect.

NOTE — Other factors may also affect human response to vibration: population type (age, gender, size, fitness, etc);
experience, expectation, arousal and motivation (e g. difficulty of task to be performed); body posture; activities (e.g. driver or
passenger); financial involvement.

6 Vibration evaluation

6.1 Basic evaluation method using weighted root-mean-square acceleration

The vibration evaluation according to this part of 1SO 2631 shall always include measurements of the weighted
root-mean-square {r.m.s.} acceleration, as defined in this subclause.

Documents

Copyright by the Acoustical Society Of America
Sat Oct 10 13:33;35 2009

Full document details: ANSI S3.18-2002 scan


http://www.avadocuments.com/doc/ansi-s3-18-2002-scan
http://www.avadocuments.com/doc/ansi-s3-18-2002-scan

1SO 2631-1:1997(E) @ISO

The weighted r.m.s. acceleration is expressed in metres per second squared {m/s2) for translational vibration and
radians per second squared {rad/s?) for rotational vibration. The weighted r.m.s. acceleration shall be cailculated n
accordance with the following equation or its equivalents in the frequency domain

T 2
"= -;—:J.aa,(t)dx T
0

where

anln) is the weighted acceleration (transiational or rotational) as a function of time (time history), in metres per
second squared (m/s2) or radians per second squared (rad/s2), respectively;

T is the duration of the measurement, in seconds.

Frequency-weighting curves recommended and/or used for the various directions and their applications are listed in
taples 1 and 2 and discussed in the following subclauses and in annexes B, C and D. Numerical values of the
waeighting curves are given in tables 3 and 4 and exact definitions are given in annex A.

6.2 Applicability of the basic evaluation method
6.2.1 Definition of crest factor

For the purposes of this part of 1ISO 2631 the crest factor is defined as the modulus of the ratio of the maximum
instantaneous peak value of the frequency-weighted acceleration signal to its r.m.s. value. The peak value shall be

determined over the duration of measurement (see 5.5), i.e. the time period T used for the integration of the r.m.s.
value (see 6.1).

NOTE — The crest factor does not necessarily indicate the severity of vibration (see 6.3).

6.2.2 Applicability of the basic evaluation method for vibration with high crest factors

The crest factor may be used to investigate if the basic evaluation method is suitable for describing the seventy of
the vibration in relation to its effects an human beings. For vibration with crest factors below or equal to 9, the

basic evaluation method is normally sufficient. Subclause 6.3 defines methods applicable when the basic evaluation
method is not sufficient.

NOTE ~ - For cenain types of vibrations, especially those containing occasional shocks, the basic evaluation method may
underestimate the severity with respect to discomfort even when the crest factor is not greater than 9. in cases of doubt 11 is
therefore recommended to use and report additional evaluations also for crest factors less than or equal to 9 according to 6.3

Subclause 6.3.3 indicates ratios between magnitudes evaluated by the additional methods and the basic method, above which
itis recommended to use one of the additional methods, as a further basis for judgement of the influence on human beings

6.3 Additional evaluation of vibration when the basic evaluation method is not sufficient

In cases where the basic evaluation method may underestimate the effects of vibration (high crest factors,
occasional shocks, transient vibration), one of the alternative measures described below should also be
determined — the running r.m.s. or the fourth power vibration dose value.
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Table 3 — Principal frequency weightings in one-third octaves

Frequency band Frequency
numbery Wy We W
x f
factor factor factor
Hz x 1 000 dB x 1 000 dB x 1 000 daB
~-17 0.02 24,2 -32,33
~16 0,025 37.7 - 28,48
-15 00315 59,7 - 24,47
-14 0,04 97.1 - 20,25
-13 0,05 167 -16,10
-12 0,063 267 -11,49
-1 0.08 461 -6,73
- 10 0,1 3.2 -30.1 62,4 -24,09 695 -3.16
-9 0,125 48,6 - 26,26 97.3 -20.24 895 -0,96
-8 0,16 79.0 - 22,05 158 - 18,01 006 0.05
-7 0,2 121 -18.33 243 ~12,28 992 -0,07
-6 0,25 182 ~ 14,81 365 -8,75 854 -1,37
-5 0,315 263 -11,60 530 -6,62 619 - 4,17
-4 0.4 352 -9,07 713 -2,94 384 - 8,31
-3 0.5 418 -7.57 853 -1.38 224 - 13,00
-2 0.63 459 -6,77 944 - 0,50 116 -18,69
-1 0,8 477 -6.43 992 ~0,07 63.0 - 2551
0 1 482 ~6,33 10N G,10 23,5 - 32,57
1 1,25 484 -6,29 1008 0,07 9,88 -40,02
2 1.6 494 -6.12 968 -0,28 3.77 - 48,47
3 2 531 - 5,49 890 -1.01 1,65 —-56.18
4 2,8 631 -4,01 776 -2.20 0.64 -63.93
5 3.15 804 -1.90 642 -3.85 0.25 -71.96
8 4 967 -0.29 512 -5,82 0,097 - 80,26
7 5 1039 0,33 409 -7.76
B 6.3 1054 0,46 323 - 9,81
9 8 1036 0,31 253 -11,83
10 10 988 -0,10 212 ~13.91
11 12,5 902 - 0.89 161 -15.87
12 16 768 ~-2728 125 -18.03
13 20 636 -393 100 - 18,88
14 25 513 ~ 5,80 80,0 -21.94
15 31,8 405 - 7,86 63,2 -2398
16 40 314 - 10,05 49,4 -26,13
17 50 246 -12.19 38.8 - 2822
18 63 186 - 14,61 28,5 - 30,60
18 80 132 - 17,56 21,1 -3353
20 100 88,7 -21,04 141 - 36,99
21 125 54,0 - 2535 8,63 -41,28
22 160 28,5 - 3091 4,55 - 46,84
23 200 15,2 ~36.38 2,43 -52.30
24 250 7,90 - 4204 1,26 ~57,97
25 318 3,98 - 48,00 0,64 - 63,92
26 400 1,95 - 5420 0,31 -70,12
1) index x is the frequency band number according to [EC 1260
NOTES
1 For tolerances of the frequency weightings, see 6.4.1.2.
2 It it has been established that the frequency range below 1 Hz is unimportant to the weighted acceleration value,
a frequency range 1 Hz to 80 Hz is recommended.
3 The values have peen calculated including frequency band limitation.
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