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 The American National Standards Institute,  Inc.  (ANSI) is the national 

coordinator of voluntary standards development and the clearinghouse 

in the U.S.A.  for information on national and international standards.  

 

The Acoustical Society of America (ASA) is an organization of 

scientists and engineers formed in 1929 to increase and diffuse the 

knowledge of acoustics and to promote its practical applications.  
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Abstract 
 
This part of ANSI  S2.72 / ISO 2631  defines methods for the measurement of periodic,  random and  
transient whole-body vibration.  I t indicates the principal  factors that combine to determine the degree 
to which  a vibration  exposure wi l l  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 ANSI  S2.72 / ISO 2631  also defines 
the principles of preferred  methods of mounting transducers for determining human exposure.  I t does 
not apply to the evaluation of extreme-magnitude single shocks such as occur in  vehicle accidents.  
 
This part of ANSI  S2.72 / 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  bui ldings and  in  the vicinity of working machinery.  
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 i i i

Foreword 

[This foreword  is not part of the Nationally Adopted  International  Standard  (NAIS),  Mechanical  vibration and  shock – 
Evaluation  of human exposure to whole body vibration  – Part 1 :  General  requirements,  ANSI  S2.72-2002/Part 1  / ISO 
2631 -1 :1 997 (formerly ANSI  S3.1 8-2002 / ISO 2631 -1 : 1 997). ]  

This National ly Adopted  International  Standard  (NAIS) comprises a part of a group of definitions,  
standards,  and  specifications for use in  work related  to human exposure to mechanical  vibration  and 
shock.  I t has been adopted  by the American National  Standards Institute uti l izing  the Accredited 
Standards Committee Procedures,  under the Secretariat of the Acoustical  Society of America.  

Accredited  Standards Committee S3,  Bioacoustics,  under whose jurisdiction  this NAIS was adopted,  had  
the fol lowing scope at that time:  
 

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,  tolerance and comfort.  

This Standard  is identical  to International  Standard  ISO 2631 -1 :1 997,  Mechanical  vibration  and  shock – 
Evaluation  of human exposure to whole body vibration,  which  was prepared by Technical  Committee 
ISO/TC 1 08,  Mechanical  vibration  and shock,  Subcommittee SC 4,  Human exposure to Mechanical  
vibration  and  shock.  However,  in  conformance with  ANSI  and  ISO rules,  decimal  points were substituted 
in  place of the commas used  in  ISO documents,  the words "American National  Standard" replace the 
words "International  Standard" where they appear in  the ISO document,  and  an  informational  footnote 
has been  added on  page 1 .  

In  2004,  work related  to human exposure to mechanical  vibration  and  shock was transferred  to Accredited  
Standards Committee S2,  Mechanical  Vibration  and  Shock.  Five approved S3 standards were transferred 
to S2 at that time and  were redesignated  and  republished as they each came up for reaffirmation  in  the 
normal  standards cycle.  This redesignation  of ANSI  S3.1 8-2002 / ISO 2631 -1 :1 997 is taking place under 
this process.  No substantive changes have been made to the approved 2002 text,  except as noted  in  the 
preceding  paragraph.   

The ANSI  equivalent for an  ISO standard  referenced herein  is given below:  

•  ANSI  S2.1 -2000/ISO 2041 :1 990 is an  identical  national  adoption  of ISO 2041 :1 990.  
 

At the time this NAIS was submitted  to Accredited Standards Committee S3,  Bioacoustics,  for final  
approval,  the membership was as fol lows:  

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

Acoustical  Society of America . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R.  F.  Burkard  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .J .  Franks (Alt.) 
 
American Academy of Audiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L.  Shotland  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D.  A.  Fabry (Alt.)   
 
American Academy of Otolaryngology,  Head and  Neck Surgery,  Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R.  A.  Dobie 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .L.  A.  Michael  (Alt.) 
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© Acoustical  Society of America 2002 – Al l  rights reserved  1

 

American National  Standard 

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.  I t indicates the principal  factors that combine to determine the degree to which  a vibration 
exposure wi l l  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 appl ies to this area.  This part of ISO 2631  also defines the principles of 
preferred  methods of mounting  transducers for determining human exposure.  I t does not apply to the 
evaluation  of extreme-magnitude single shocks such as occur in  vehicle accidents.  

This part of ISO 2631  is appl icable 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  
bui ld ings and in  the vicinity of working  machinery.  

2 Normative references 

The fol lowing standards contain  provisions which,  through reference in  this text,  constitute provisions of 
this part of ISO 2631 .  At the time of publication,  the editions indicated  were val id.  Al l  standards are 
subject to revision,  and  parties to agreements based  on  this part of ISO 2631  are encouraged to 
investigate the possibi l ity of applying  the most recent editions of the standards indicated  below.  Members 
of IEC and  ISO maintain  registers of currently val id  International  Standards.  

ISO 2041 :1 990,  Vibration and shock — Vocabulary.1  

ISO 5805:1 997,  Mechanical vibration and shock — Human exposure — Vocabulary.  

                                                      

1  (U.S.  footnote.  This note has been added to this American National  Standard  only for information  and  is 
not part of ISO 2631 -1 . ) ISO 2041 :1 990 has been national ly adopted  and is identical  to ANSI  S2.1 -2000 / 
ISO 2041 :1 990.  
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ISO 8041 :1 990,  Human response to vibration — Measuring instrumentation.  

IEC 1 260:1 995,  Electroacoustics — Octave-band and fractional-octave-band filters.  

3 Definitions 

For the purposes of this part of ISO 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  meters 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 

( )H p  Transfer function,  or gain,  of a fi l ter expressed as a function  of the imaginary angular 

frequency (complex frequency) 

  2=p j fπ  Imaginary angular frequency 

W  Frequency weighting  

4.2 Subscripts 

c,  d,  e,  f,  j ,  k Refer to the various frequency-weighting  curves recommended for evaluation  with  respect 
to health,  comfort,  perception  and  motion  sickness (see tables 1  and  2).  

w Refers to frequency-weighted  acceleration  values.  

, ,x y z  Refer to the direction  of translational,  or recti l inear,  vibration  (see figure 1 ).  

 For rotational  vibration,  they refer to the axis of rotation,  r .  (Rotation  about x -,  y - and z -
axes is designated  rol l ,  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  
(see clause 7) 

Comfort  
(see clause 8) 

Perception  
(see clause 8) 

Motion sickness  
(see clause 9) 

Wk z-axis,  seat surface z-axis,  seat surface 
z-axis,  standing 

vertical  recumbent 
(except head) 

x-,  y-,  z-axes,  feet 
(sitting) 

z-axis,  seat surface 
z-axis,  standing 

vertical  recumbent 
(except head) 

— 
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Frequency weighting  Health  
(see clause 7) 

Comfort  
(see clause 8) 

Perception  
(see clause 8) 

Motion sickness  
(see clause 9) 

Wd  x-axis,  seat surface 
y-axis,  seat surface 

z-axis,  seat surface 
y-axis,  seat surface 

x-,  y-axes,  standing  

horizontal  recumbent 

y-,  z-axes,  seat-back 

x-axis,  seat surface 
y-axis,  seat surface 

x-.  y-axes,  standing 

horizontal  recumbent 

— 

Wf — — — vertical  

 

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

Frequency weighting  
Health  

(see clause 7) 
Comfort  

(see clause 8) 
Perception  
(see clause 8) 

Motion sickness  
(see clause 9) 

Wc  x-axis,  seat-back1 )  x-axis,  seat-back x-axis,  seat-back — 
We  — rx-,  ry,  rz-axes,  seat 

surface 
rx-,  ry-,  rz-axes,  seat 
surface 

— 

Wj  — 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.  

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  bui ld ings or ships,  velocity 
measurements may be made and  translated  into accelerations.  

5.2 Direction of measurement 

5.2.1  Vibration  shal l  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 I f i t is not feasible to obtain  precise al ignment of the vibration  transducers with  the preferred 
basicentric axes,  the sensitive axes of transducers may deviate from the preferred  axes by up to 1 5°  
where necessary.  For a person seated  on  an  incl ined  seat,  the relevant orientation  should  be determined 
by the axes of the body,  and  the z -axis wil l  not necessari ly be vertical.  The orientation  of the basicentric 
axes to the gravitational  field  should  be noted.  

5.2.3 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.  
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Figure 1  —Basicentric axes of the human body 

5.3 Location of measurement 

5.3.1  Transducers shal l  be located  so as to indicate the vibration  at the interface between the human 
body and  the source of i ts vibration.  

Vibration  which is transmitted  to the body shall  be measured on the surface between the body and  that 
surface.  
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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 2631  considers the supporting surface to be under 
the pelvis,  the back and  the head.  In  al l  cases the location  of measurement shall  be ful ly reported.  

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 center of rotation or the center 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 I f measurements are made at this 
position they are to be corrected for the transmissibil ity 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 1 0 cm of the center of this area).  

5.3.2 Vibration  which is transmitted  to the body from a non-rigid  or resil ient 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 resi l ient 
material .  For measurements on  non-rigid  surfaces,  a person  shall  adopt the normal  position  for the 
environment.  

NOTE    A commonly used design for accelerometer mount for seat vibration measurements is given in  ISO 1 0326-1 .  

5.4 General  requirements for signal  conditioning  

The vibration evaluation  procedures defined  in  this part of ISO 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 ISO 2631 .  

The dynamic range of the signal-conditioning equipment shal l  be adequate for the highest and  lowest 
signals.  Signals to be recorded for later analysis may first be passed through a low-pass fi lter 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 l inear within  the range of frequencies 
specified  in  the relevant 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 1 08 s for a lower l imiting frequency (LLF) of 1  Hz and 227 s for a LLF of 0.5 Hz,  when the 
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