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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fbr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Hrawn to the possibility that some of the elements of this document may)Be the subject of
4. ISO shall not be held responsible for identifying any or all such patenb rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions [related to conformity assessment, as well as information about ISO's adherence fo the
World Trade| Organization (WTO) principles in the TechnicalBarriers to Trade (TBT) see www.iso
.org/iso/forgword.html.

This documg¢nt was prepared by Technical Committee*ISO/TC 108, Mechanical vibration, shodk and
condition mofitoring, Subcommittee SC 4, Human exposure to mechanical vibration and shock.

This third edition cancels and replaces the secofnd edition (ISO 5982:2001), which has been techilically
revised. Themain changes compared to the prévious edition are as follows:

— Previougly given ranges of idealizedwalues for the apparent mass of the seated human body have
been updated.

— The ranpe of idealized values’is now defined for seated individuals, with and without a back
support,|exposed to sinusoidal or broad-band random vibration in the x-axis, y-axis and z-axi$ with
unweighited RMS acceleration lower or equal to 2 m/s2.

— Idealized values of\apparent mass for standing individuals, while exposed to vertical vibration
(z-axis), have been,added.

Any feedback or‘questions on this document should be directed to the user’s national standards bpdy. A
complete listing)of these bodies can be found at www.iso.org/members.html.
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Introduction

The biodynamic response of the seated human body subjected to vibration has widely been assessed
in terms of driving-point mechanical impedance or apparent mass and seat-to-head transmissibility.
While the first two functions relate to the force and motion at the point of input of vibration to the
body (“to the body” transfer functions), the last function refers specifically to the transmission of
motion through the body (“through the body” transfer function). Since biodynamic responses are non-
linear with respect to vibration magnitude, those functions are defined for a specific range of vibration
magnitudes. Knowledge of these functions under conditions representative of those encountered
while driving specific types of vehicles can find applications in current laboratory procedures defined
for as
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er form the basis for developing analytical models representing the human body, w
nation with suitable suspension seat models can provide numerical Tneans of eg
erformance and of achieving optimal seat suspension and cushiognydesign. Notwith
applications, this document provides unification of available published data on the
hnical impedance, apparent mass and seat-to-head transmissibility response functio
cific set of conditions. In view of the restrictions imposedyon posture and vibrati
the values defined for each of these functions can be more applicable to drivers of off
ind industrial vehicles.
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5 document, the apparent mass and the seat-to-head transmissibility are employed to
namic response characteristics of the human body to forced translational motion of
t, as a function of ftequency.
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p-head transtnissibility reported in studies conducted independently, under a simjfilar range of

imental conditions, has dictated the form in which the standardized values for thesg
nted. A-synhthesis of measured values has been performed using data published in t
host probable range of values of apparent mass and seat-to-head transmissibility

b functions is
he literature.
modulus and

dre defined as a function of frequency by upper and lower limit envelope curves, whid

h encompass

the

gan values of all data Sets, at each frequency. 1 he smoothened envetopes have been constructed

from successive piecewise approximations using a fixed number of points while creating an overlap. The
mean of the accepted data sets, weighted according to the number of subjects involved, and standard
deviation computed with respect to the weighted mean, are defined as a function of frequency, and
represent the target values for all applications of this document. Any data that fall within the range of
idealized values defined by upper and lower limit envelope curves can be considered to be an acceptable
representation of the biodynamic response functions of the human body under the specific conditions
defined.

No modulus or phase presented as a function of frequency in this document corresponds precisely
to the mean value measured in a single investigation involving human subjects at all frequencies.
Furthermore, measured data for a single subject can appear out of range of the upper and lower limit
envelope curves.
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Major changes to previously given ranges of idealized values for the apparent mass of the seated human
body were considered necessary in view of the new data available since the publication of the second
edition (ISO 5982:2001). The second edition only considered the driving-point mechanical impedance/
apparent mass of seated individuals, without a back support, exposed to vertical vibration (z-axis). As
part of this document, a range of idealized values is defined for seated individuals, with and without a
back support, exposed to sinusoidal or broad-band random vibration in the x-axis, y-axis and z-axis with
unweighted RMS acceleration lower or equal to 2 m/s2. Idealized values of apparent mass for standing
individuals, while exposed to vertical vibration (z-axis), have also been added. Values for seat-to-head
transmissibility (STHT) remained mostly unchanged and are still provided for seated individuals
without a back support while exposed to z-axis vertical vibration.

This documeptinecerporatesthesno ccentdatatohave beenpubhshedontheapparentmassandg seat-
to-head tranpmissibility, while satisfying the conditions specified above. Annex A provides inforiation
on the selectjion of published data to define the range of idealized values of apparent mass_dand sgat-to-
head transmjssibility. The frequency ranges for defining these values are limited to 0,5 Hz to 20 Hz for
vertical vibration (z-axis) and to 0,5 Hz to 10 Hz for lateral (y-axis) and fore-aft (x-axis)vibration,since
predominant vibrations are known to occur within those ranges for several types.of off-road, heavy
road and industrial vehicles. In Annex B, an analytical model of the seated humanybody is provided to
satisfy the range of idealized values defined for the apparent mass and seat-teshead transmissjbility
functions. Alternatively, mathematical expressions in the form of transfer functions are provided in
Annex C to gpproximate the mean (target) values defined for these functiens. Finally, values for the
apparent malss are provided in Annex D for three specific body masseStanges on the basis of a [study
involving 27 |male subjects.

vi © IS0 2019 - All rights reserved
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Mechanical vibration and shock — Range of idealized

values to characterize human biodynamic response
whole-body vibration

1 Scope

under

This document describes the range of idealized values of the apparent mass modul

appligable to seated individuals with and without a back support subjected to x-, y- and/zzayis sinusoidal
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y-axiq, and over the frequency range of 0,5 Hz to 20 Hz for the z-axis. The frequency a
characteristics of the vibration fall within the range for ‘which most vibration exposur
preddminate while driving vehicles such as agriculturaltractors, earth-moving machinery
truckp. Application to automobiles is not covered by this document in view of the lack of
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car driving.
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ISO SUUD, Mechanical vibration and SNOCK — Human exposure — vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5805 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following

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

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2019 - All rights reserved
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31

apparent mass

M(f)

complex ratio of applied periodic excitation force at frequency f, F(f), to the resulting vibration
acceleration at that frequency, a(f), measured at the same point and in the same direction as the applied

force, as given by Formula (1)

M

Note 1 to entry: The apparent mass is a complex quantity (i.e. it possesses real and imaginary parts) from which
the modulus and phase can be computed.

Note 2 to entrly: This document is based on measurements in which both force and acceleration wefeymedsured
at the same ppint, this being the point of introduction of vibration to the body, namely the buttocks (seaf-body
interface) or the feet.

Note 3 to enfry: In the case of non-harmonic vibration, apparent mass is determined“from the forde and
acceleration spectra.

3.2
driving-point mechanical impedance
z(f)
complex ratip of applied periodic excitation force at frequency f, F(f), to the resulting vibration velocity
at that frequlency, v(f), measured at the same point and in the same direction as the applied force, as

given by Formula (2)

z(f)zg%sznfM(f) (2)

M(f) isfhe apparent mass;

j represents the complex phasor-between the mechanical impedance and apparent mass

(iFv-1).

Note 1 to entfy: The relationship\between driving-point mechanical impedance and apparent mass is eftirely
determined by the fixed relatienship between velocity and acceleration for which a 90° phase difference(exists
under periodif excitation.

Note 2 to entrjy: In the €ase of non-harmonic vibration, driving-point mechanical impedance is determined from
the force and yelocitysspectra.

3.3
seat-to-head-tranmsnrissibitity
complex non-dimensional ratio of the response motion of the head to the forced vibration motion at the
buttocks (seat-body interface)

Note 1 to entry: The ratio can be one of displacements, velocities or accelerations.

Note 2 to entry: The seat-to-head transmissibility is a complex quantity (i.e. it possesses real and imaginary
parts) from which the non-dimensional modulus and the phase can be computed.

Note 3 to entry: In the case of non-harmonic vibration, seat-to-head transmissibility is determined from the
motion spectra.

2 © IS0 2019 - All rights reserved
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4 Definition of values of apparent mass of the human body under vibration

4.1

Apparent mass of the seated body under x-axis vibration

The modulus and phase of the apparent mass of the seated body with and without a back support are
given in Tables 1 and 2, respectively, and (for illustration) in Figures 1 and 2 as a function of frequency,
for the x-axis direction of excitation. According to the definitions, the modulus is given in terms of
kilograms for apparent mass. The table and diagram contain three values of modulus and phase at each
frequency. Numerical values are quoted up to four significant figures for the purpose of calculation,
and do not reflect the precision of knowledge of the apparent mass. Linear interpolation is permitted to
obtain values at frequencies other than those listed in Tables 1 and 2 at one-third-octave band centre
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Cations shall generate/employ values of apparent mass betweern<the upper and lowel
ples 1 and 2 at any frequency, and represent “to the body’7transfer functions appl
1 human body under the conditions specified and over thedrgquency range of 0,5 Hz

application only satisfies the requirements of this document at certain frequencie
encies should be stated in any description of the application.

Applicability of values of apparent mass.\of the seated body under x-axis Y

hlues of apparent mass are applicable to the seated human body, subjected to sinusoi
random fore-aft vibration, while seated-on a rigid surface with the feet resting fla
rm and the back being supported and unsupported. The limits of applicability aj
kpond to the range of measurementconditions over which data were obtained, as fol

he posture is described as_gérect seated with or without backrest support, while

Iipported and vibrated;
e angle for the back supportis ranging from 90° to 102° for the condition with a back

e mass of the subjects ranges from 57 kg to 92 kg for the condition with a backrest
om 55 kg to 1036 kg for the condition without a backrest support;

he RMS amplitude of unweighted sine and random excitation is between 0,4 m/s?2
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Table 1 — Modulus and phase of the mean (target) and range of idealized apparent mass of the
seated body with a back support under x-axis vibration

Modulus Phase
Frequency kg °
T mean | (PREr | Lower | Sndine | mMean | (PP Lower | Sendi
0,5 65,3 68,8 62,8 2,4 -0,1 1,8 -2,8 1,9
0,63 65,6 63,5 63,8 .8 =0,3 T,Z =Z,7 T)6
0,8 68,2 70,0 66,7 1,2 -1,2 -0,9 -1,8 0l4
1 69,5 72,1 67,8 1,7 -1,8 -1,2 -2,4 05
1,25 71,5 74,9 68,9 2,3 -4,7 -3,8 -59 0J8
1,6 74,8 78,3 71,1 2,7 -8,2 -7,3 94 09
2 78,7 83,4 73,8 3,8 -12,2 -10,3 -14,6 19
2,5 85,2 92,5 79,3 53 -20,1 -15,0 -24,7 415
3,15 87,5 92,5 82,8 39 -31,4 -24,0 -38,4 66
4 86,4 90,8 78,9 4,9 -49,2 -40,6 -60,7 85
5 76,1 83,8 60,1 9,4 -69,7 -58,5 -80,8 8/9
6,3 56,7 67,3 47,8 74 -87,1 -77,4 -101,3 9|7
8 39,4 47,8 33,3 6,8 =100,6 -90,7 -115,2 95
10 28,4 35,3 23,6 5,6 -107,6 -100,3 -122,2 8/9

4 © IS0 2019 - All rights reserved
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NOTE For an explandtien of the curves, see 4.1.

Figune 1 — Mean(target) and range of idealized values for the apparent mass of the seated body
with a back support under x-axis vibration

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=20515ef811f2a104521ed5da18813f50

ISO 5982:2019(E)

Table 2 — Modulus and phase of the mean (target) and range of idealized apparent mass of the
seated body without a back support under x-axis vibration

Modulus Phase

Frequency kg °
T mean | (PREr | Lower | Sndine | mMean | (PP Lower | Sendi
0,5 62,9 70,3 48,6 8,2 -12,8 1,4 -20,1 9,8
0,63 63,6 7T,0 78,5 8,7 -13,6 T,Z -21,6 10,3
0,8 61,7 68,2 48,5 71 -19,7 -1,0 -34,0 14,2
1 58,5 66,9 46,8 7,0 -25,3 -1,2 -40,1 1714
1,25 49,5 62,7 40,2 8,5 -28,7 -4,3 -455 14,7
1,6 46,3 58,5 39,1 6,4 -33,5 -9,3 <484 14,0
2 48,7 60,1 41,8 6,8 -39,3 -14,6 -50,1 13,0
2,5 479 59,4 38,8 7,3 -549 -24,6 -72,9 14,9
3,15 40,3 51,5 28,6 6,9 -71,1 -33,7 -97,5 21,1
4 31,4 45,3 19,1 8,4 -87,5 -49,3 -113,8 27,1
5 23,8 36,3 13,6 8,0 -105,6 -71,6 -124,8 19,2
6,3 14,5 21,2 8,5 4,3 -122,6 -92,0 -1379 14,8
8 8,2 12,0 5,4 2,3 =129,1 -103,7 -145,5 15,1
10 5,7 7,5 3,6 1,3 -130,2 -108,6 -147,2 14,3

6 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=20515ef811f2a104521ed5da18813f50

ISO 5982:2019(E)

Y1

80

60

40

20

Y2

50

-50

-100

-150

Key
X  fygequency in Hz
Y1 mnjodulusinkg
Y2 phasein®

NOTE For an explanatien of the curves, see 4.1.

Figurje 2 — Mean{target) and range of idealized values for the apparent mass of the seated body
without a back support under x-axis vibration

4.3 |Apparent mass of the seated body under y-axis vibration

The modulus and phase of the apparent mass of the seated body with and without a back support are
given in Tables 3 and 4, respectively, and (for illustration) in Figures 3 and 4 as a function of frequency,
for the y-axis direction of excitation. According to the definitions, the modulus is given in terms of
kilograms for apparent mass. The table and diagram contain three values of modulus and phase at each
frequency. Numerical values are quoted up to four significant figures for the purpose of calculation,
and do not reflect the precision of knowledge of the apparent mass. Linear interpolation is permitted to
obtain values at frequencies other than those listed in Tables 3 and 4 at one-third-octave band centre
frequencies.

See 4.1 for more details.

© IS0 2019 - All rights reserved 7
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4.4 Applicability of values of apparent mass of the seated body under y-axis vibration

The values of apparent mass are applicable to the seated human body, subjected to sinusoidal or broad-
band random lateral vibration, while seated on a rigid surface with the feet resting flat on the base
platform and the back being supported and unsupported. The limits of applicability approximately
correspond to the range of measurement conditions over which data were obtained, and are identical to
those described in 4.2.

Table 3 — Modulus and phase of the mean (target) and range of idealized apparent mass of the
seated body with a back support under y-axis vibration

Modutus Phase
Frequency kg °
[ vean | TR o | Geviation | Mean | ShST | ot }aevijiion
0,5 65,3 72,9 59,7 53 -19,8 -9,8 726)7 6J5
0,63 65,6 74,0 59,8 58 -19,6 -10,6 -25,7 5)7
0,8 67,8 77,0 63,0 57 -23,4 -17,1 -28,1 42
1 70,6 79,1 64,6 5,6 -29,7 -2248 -34,8 417
1,25 70,9 82,7 63,0 74 -39,7 =33,8 -44.8 417
1,6 67,1 83,3 55,2 11,7 -56,9 -52,8 -61,5 39
2 58,9 80,1 46,4 13,5 -71,5 -66,6 -79,4 5)0
2,5 43,3 52,0 36,0 6,4 -807 -73,0 -92,1 71
3,15 30,5 34,4 26,2 3,2 -86,9 -77,5 -98,7 8]0
4 21,7 26,5 16,7 3,3 -91,4 -85,3 -101,1 6J6
5 17,3 21,7 11,5 3,6 -95,3 -88,4 -101,9 5)6
6,3 13,4 17,6 7,7 3,6 -103,1 -96,0 -110,0 5)6
8 9,2 12,8 4,1 3,2 -109,5 -104,4 -113,6 3)7
10 6,5 9,1 1,8 2,7 -110,7 -104,5 -114,3 39

8 © IS0 2019 - All rights reserved
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Figune 3 — Mean(target) and range of idealized values for the apparent mass of the seated body
with a back support under y-axis vibration
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Table 4 — Modulus and phase of the mean (target) and range of idealized apparent mass of the
seated body without a back support under y-axis vibration

Modulus Phase
Frequency °
U] mean | RO ey | Mean | e | e | S ion
0,5 64,5 72,0 56,7 6,5 -23,1 -15,1 -29,6 7,4
0,63 64,9 73,0 56,7 6,9 23,8 17,6 -29% 5
0,8 64,7 74,0 56,7 7,1 -27,5 -25,4 -29,0 19
1 62,5 72,0 55,8 6,7 -30,5 -26,5 -35,7 4)6
1,25 59,2 70,1 50,6 7,3 -34,0 -27,8 -4378 6/4
1,6 58,6 68,6 50,5 6,8 -46,3 -30,2 £63,0 14,8
2 52,8 66,2 41,7 7,7 -619 -33,6 -86,6 23,3
2,5 39,2 50,9 30,3 6,5 -76,7 -38,4 -102,0 29,0
3,15 26,3 33,3 22,4 3,6 -83,7 -A44,0 -107,6 30,1
4 18,3 22,1 15,5 2,4 -86,4 -50,9 -111,6 27,0
5 14,9 17,8 11,8 2,2 -92,3 -60,0 -117,5 24,6
6,3 11,6 14,4 9,3 19 -103,6 -77,6 -1277 24,7
8 8,4 10,3 6,9 1,3 =113,8 -93,8 -135,2 14,9
10 6,7 8,8 5,2 1,3 ~116,9 -93,7 -138,4 14,7
10 © IS0 2019 - All rights reserved
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Figune 4 — Mean(target) and range of idealized values for the apparent mass of the seated body
without a back support under y-axis vibration

4.5 |Apparent mass of the seated body under z-axis vibration

The modulus and phase of the apparent mass of the seated body with and without a back support are
given in Tables 5 and 6, respectively, and (for illustration) in Figures 5 and 6 as a function of frequency,
for the z-axis direction of excitation. According to the definitions, the modulus is given in terms of
kilograms for apparent mass. The table and diagram contain three values of modulus and phase at each
frequency. Numerical values are quoted up to four significant figures for the purpose of calculation,
and do not reflect the precision of knowledge of the apparent mass. Linear interpolation is permitted to
obtain values at frequencies other than those listed in Tables 5 and 6 at one-third-octave band centre
frequencies.

Applications shall generate/employ values of apparent mass between the upper and lower limits given
in Tables 5 and 6 at any frequency, and represent “to the body” transfer functions applicable to the
seated human body under the conditions specified and over the frequency range of 0,5 Hz to 20 Hz.

© IS0 2019 - All rights reserved 11
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See 4.1 for more details.

4.6 Applicability of values of apparent mass of the seated body under z-axis vibration

The values of apparent mass are applicable to the seated human body, subjected to sinusoidal or broad-
band random vertical vibration, while seated on a rigid surface with the feet resting flat on the base
platform and the back being supported and unsupported. The limits of applicability approximately
correspond to the range of measurement conditions over which data were obtained, as follows:

a) the posture is described as erect seated with or without backrest support, while the feet are
supported and vibrated;

b) the angl¢ for the back supportis ranging from 90° to 102° for the condition with a backrest Sipport;
c) the masg of the subjects ranges from 62 kg to 106 kg for the condition with a backrestsupport, and
from 49 kg to 107 kg for the condition without a backrest support;
d) the RMS|amplitude of unweighted sine and random excitation within the frequéfcy range of (,5 Hz
to 20 Hzl|is between 0,63 m/sZ and 1,0 m/s2 for the condition with a backrest.sipport and between
0,8 m/s4and 2,0 m/s2 for the condition without a backrest support.
Table 5 — Modulus and phase of the mean (target) and range of idealized apparent mass of the
seated body with a back support under z-axis vibration
Modulus Phase
Frequency kg °
U || mean | UERE | Momi | deviatongiMean | UPBR | LN | Sevibton
0,5 58,6 62,4 52,5 3,6 0,2 0,8 -0,3 ()7
0,63 58,8 62,5 52,6 3,6 0,1 09 -0,5 0J5
0,8 58,7 62,6 53,0 3,4 -0,9 0,7 -8,5 217
1 58,8 63,2 54,0 3,2 -0,8 0,4 -6,7 21
1,25 59,2 64,1 53,9 3,4 -0,8 0,2 -5,3 1]6
1,6 60,6 66,5 56,7 3,5 -1,2 -0,2 -4,6 12
2 62,6 69,4 58,1 3,8 -1,7 -0,4 -5,0 12
2,5 66,1 74,9 60,5 4,5 -29 -0,9 -6,0 144
3,15 71,8 83)2 65,5 5,8 -5,4 -1,7 -9,8 216
4 81,5 95,9 74,0 6,8 -14,5 -5,2 -26,2 73
5 839 97,6 72,0 8,0 -30,8 -15,3 -51,0 12,3
6,3 7255 89,5 56,2 10,6 -471 -35,0 -62,2 97
8 54,3 679 40,4 7,9 -579 -49,4 -68,6 62
10 45,1 52,6 34,7 5,8 -62,8 -50,5 72,6 8,0
12,5 37,5 46,3 249 7,0 -71,1 -57,3 -80,0 8,9
16 26,4 34,2 13,9 6,9 -78,9 -64,8 -89,2 8,6
20 21,1 27,2 11,8 54 -79,0 -62,8 -90,0 9,2
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Figune 5 — Mean(target) and range of idealized values for the apparent mass of the seated body

with a back support under z-axis vibration
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Table 6 — Modulus and phase of the mean (target) and range of idealized apparent mass of the
seated body without a back support under z-axis vibration

Modulus Phase
Frequency kg °
T mean | (PREr | Lower | Sndine | mMean | (PP Lower | Sendi
0,5 60,4 66,1 56,2 3,7 -1,1 2,8 -7,4 3,5
0,63 60,5 66,3 56,1 3,8 -7 3,5 =9,0 Z)2
0,8 58,0 67,0 40,1 6,7 -1,3 2,8 -8,1 3[7
1 58,8 68,1 40,7 6,8 -2,5 2,2 -11,1 410
1,25 59,8 69,8 42,7 6,7 -2,8 1,1 -104 3)5
1,6 61,0 73,4 45,3 71 -3,7 -0,3 <101 31
2 61,8 77,1 479 8,2 -51 1,2 -11,6 314
2,5 65,9 83,0 51,6 8,8 =77 -1,4 -12,8 32
3,15 71,9 89,9 56,6 9,5 -11,5 2,5 -20,2 413
4 81,2 105,8 60,3 12,5 -23,8 36,9 -38,7 82
5 76,8 98,8 49,7 13,8 -46,3 -18,8 -64,2 12,9
6,3 55,5 74,1 36,3 10,4 -60,3 -43,5 -70,8 7,8
8 40,8 579 29,9 7,3 ~63,9 -51,8 -72,9 5/8
10 32,7 47,7 22,5 6,3 -67,3 -50,9 -79,2 8l6
12,5 24,6 379 14,6 6,6 -74,3 -57,5 -85,6 88
16 17,2 28,9 8,4 54 -76,5 -64,8 -85,8 72
20 14,5 24,6 7,2 4,6 -73,6 -62,8 -84,7 7)5
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Figune 6 — Mean(target) and range of idealized values for the apparent mass of the seated body
without a back support under z-axis vibration

4.7 |Apparent mass of the standing body under z-axis vibration

The modulus and phase of the apparent mass of the standing body are given in Table 7 and (for
illustration) in Figure 7 as a function of frequency, for the z-axis direction of excitation. According to
the definitions, the modulus is given in terms of kilograms for apparent mass. The table and diagram
contain three values of modulus and phase at each frequency. Numerical values are quoted up to four
significant figures for the purpose of calculation, and do not reflect the precision of knowledge of the
apparent mass. Linear interpolation is permitted to obtain values at frequencies other than those listed
in Table 7 at one-third-octave band centre frequencies.

Applications shall generate/employ values of apparent mass between the upper and lower limits given
in Table 7 at any frequency, and represent “to the body” transfer functions applicable to the standing
human body under the conditions specified and over the frequency range of 0,5 Hz to 20 Hz.

See 4.1 for more details.
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4.8 Applicability of values of apparent mass of the standing body under z-axis vibration

The values of apparent mass are applicable to the standing human body on a rigid platform, subjected
to sinusoidal or broad-band random vertical vibration. The limits of applicability approximately
correspond to the range of measurement conditions over which data were obtained, as follows:

a) the posture is described as standing upright erect or relaxed;
b) the mass of the subjects ranges from 63 kg to 102 kg;

c) the RMS amplitude of unweighted sine and random excitation is between 0,5 m/s2 and 1,0 m/s?2
over the frequency range of 0,5 Hz to 20 Hz.

Table 7 — ll’lodulus and phase of the mean (target) and range of idealized apparent mass of the
standing body under z-axis vibration
Modulus Phase
Frequency kg °
[ vean | TR i | Geviation | Mean | oD e | devijiion
0,5 78,3 86,8 73,5 7,4 -0,1 0,0 -0,3 02
0,63 78,3 86,8 73,5 7,4 -0,1 0,0 -0,3 0f2
0,8 79,8 88,6 75,0 7,6 -0,2 0,0 -0,4 0J2
1 79,8 87,1 75,7 6,4 -0,4 -0,2 -0,6 02
1,25 80,0 85,7 76,3 5,0 <156 -1,0 =-2,7 1J0
1,6 81,2 87,3 77,3 53 -4,4 -1,7 -9,4 4)3
2 82,3 90,5 78,2 5,8 -6,3 -2,2 -15,3 6/4
2,5 86,1 95,3 81,6 652 -8,7 -3,8 -21,0 82
3,15 88,3 103,4 71,5 11,7 -12,3 -6,0 -28,8 111
4 99,3 120,3 77,4 15,8 -20,6 -11,2 -449 14,2
5 114,7 142,0 92,3 18,8 -33,1 -23,3 -56,1 15,5
6,3 111,0 1319 971 14,4 -55,2 -46,4 -76,5 14,3
8 79,1 99,9 67,0 12,8 -63,3 -53,6 -84,8 145
10 619 68,3 52,1 6,4 -62,4 -55,6 -74,5 86
12,5 54,7 60;8 43,1 7,2 -71,5 -61,7 -89,2 12,2
16 43,8 49,0 36,5 5,6 -88,2 -74,5 -114,2 18,2
20 36,4 41,5 27,0 6,2 -95,5 -82,9 -115,9 151
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Figure 7 — Mean (target) and range of idealized values for the apparent mass of thle standing
body under z-axis vibration

5 at-to-head transmissibility of the seated human body

vibration

5.1 Definition of values of seat-to-head transmissibility

The modulus and phase of the seat-to-head transmissibility of the seated body are given in Table 8
and (for illustration) in Figure 8 as a function of frequency, for the vertical direction of excitation. In
accordance with the definition, the modulus is non-dimensional and represents the ratio of acceleration
transmitted to the head to the acceleration measured at the buttocks. The table and diagram contain
three values of modulus and phase at each frequency. Numerical values are quoted up to four significant
figures for the purpose of calculation, and do not reflect the precision of knowledge of the seat-to-head
transmissibility. Linear interpolation is permitted to obtain values at frequencies other than those
listed in Table 8 at one-third-octave band centre frequencies.
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The upper and lower limiting values at each one-third-octave band centre frequency encompass the
mean values of all data sets selected, and are shown by continuous curves in Figure 8. The central value
at each frequency, shown by dashed curves in Figure 8, provides an estimate of the weighted mean of
all data sets selected, and forms the target value for all applications. The standard deviations computed
with respect to the weighted mean (target) values are also listed in Table 8.

Applications shall generate/employ values of seat-to-head transmissibility between the upper and
lower limits given in Table 8 at any frequency, and represent “through the body” transfer functions
applicable to the seated human body under the conditions specified and over the frequency range of
0,5 Hz to 20 Hz.

If an application only satisfies the requirements of this document at certain frequencies, then those
frequencies ghould be stated in any description of the application.
Table § — Modulus and phase of the mean (target) and range of idealized seat-to-head
transmissibility of the seated body under z-axis vibration
Phase
Frequency Modulus 5
U || mean | UBRE | Momi | deviation| Mean | UPEET | LN | Sevibuon
0,5 0,97 1,02 0,87 0,06 0,0 0,0 -0,1 0,01
0,63 0,98 1,02 0,87 0,06 -0,1 -0,1 -0,1 0,02
0,8 0,98 1,03 0,87 0,06 -1,5 -0,1 -3,0 21
1 1,00 1,04 0,86 0,07 1,7 0,0 -5,0 2/9
1,25 1,02 1,09 0,86 0,08 -2,7 -0,1 -6,0 3/0
1,6 1,06 1,15 0,87 0,10 -3,2 -0,2 -6,3 31
2 1,10 1,24 093 0,1t -4,2 -0,2 -7,8 38
2,5 1,19 1,38 1,04 0,12 -5,2 -1,1 -10,1 4]1
3,15 1,30 1,50 1,10 0,15 -6,4 -2,6 -13,8 5[1
4 1,54 1,80 1,31 0,19 -11,8 4,3 -21,1 11,5
5 1,59 2,05 1,26 0,27 -23,4 1,8 =377 14,1
6,3 1,18 1,47 0,92 0,22 -45,6 -31,3 -57,6 12,4
8 0,94 1,27 0,61 0,25 -619 -449 -73,2 12,6
10 0,88 1,08 0,62 0,17 -71,3 -46,7 -88,8 1719
12,5 0,74 0,90 0,47 0,17 -82,7 -64,1 -959 14,0
16 0,64 0,75 0,48 0,11 -97,0 -871 -105,7 91
20 0,57 0,66 0,42 0,11 -108,2 -98,3 -119,7 99
5.2 Applicability of values of seat-to-head transmissibility

The values of seat-to-head transmissibility are applicable to the seated human body subjected to
sinusoidal or broad-band random vertical vibration, while seated on a rigid surface with the back
being unsupported. Both conditions of feet being supported on a vibrating platform and hanging freely
are integrated for the purpose of defining seat-to-head transmissibility. The limits of applicability
approximately correspond to the range of measurement conditions over which data were obtained, as
follows:

a) the posture is described as erect seated without backrest support, while the feet may be
supported or not;

b) the mass of the subjects ranges from 58 kg to 99 kg;
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c) the RMS amplitude of unweighted sine and random excitation is between 1,0 m/s2 and 2,8 m/s2
over the frequency range of 0,5 Hz to 20 Hz.
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Figure 8 =Mean (target) and range of idealized values for the seat-to-head transmjssibility of
the seated body under z-axis vibration
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Annex A
(informative)

Identification of the data used to define the range of idealized

apparent mass and seat-to-head transmissibility

A set of selection rules are defined for selecting the published data to be used for the synthesis[36]. Only
those data se
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ts satisfying all of the following conditions were considered:

reporting either the magnitude or the magnitude and phase of the biodynamie’res

derived using adult subjects with body mass ranging from approximatively 55 kg to 1

reported under either sinusoidal or random vibration within the 0;5)Hz to 20 Hz freq
" the vertical direction, while those for the horizontal direction were limited up to 10

acquired under vibration of unweighted RMS magnitude lewer than or equal to 2 m

5 acquired with clearly defined subject while those reporting a single subject data
examined;

eleration data for seat-to-head transmissibility. were acquired using an accelero
bd either on a bite-bar or at the top of the skull

tion criteria has been added:

s with unsupported feet (for data.linvolving apparent mass/driving-point mech
ce only), with feet not vibrated orwith the feet condition not clearly identified;

involving children;
for automotive posture;
not reporting the total body mass;

nvolving only ene subject, except for the standing body posture, where the numl
data sets isdimited;

vhere thé mean response could not be obtained from individual data;

epoarting response at a few discrete frequencies;
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apparent mass magnitude or phase when the outlier is removed from the data set).

Tables A.1 to A.7 identify the data sets considered for driving-point mechanical impedance and apparent
mass, while Table A.8 identifies those considered for seat-to-head transmissibility. References to these
data sets are given in the Bibliography.
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Table A.1 — Characterization of the data sets considered for mechanical impedance and
apparent mass of the seated body in the fore-aft direction (x-axis) — With a back support

Subjects Excitation
Bibliographic | Number | Mass Type Amplitude Frequency Reported function
reference (gender)| (mean) range
kg Hz

2 Mean apparent mass

[6] - vb sM) | 27985 | Random LOm/s2RMS 1 55 420 PP
(65,7) unweighted Modulus and phase
2 Mean apparent mass

[16] - vb gM)_| °2%092 | pandom 0,5m/s? RMS 0,5 to 10 PP
71,27 UITWeTgImea Modullis and phase
2 Meanapparent mass

[16] - ib sM) | 22092 | Random 0,5m/s2 RMS 0,5 to 10 PP
(71,2) unweighted Modulfis and phase
2 Mean apparent mass

6] - vb gM) | 22092 | pandom 1,0 m/s2 RMS 0,5 tod0 PP
(71,2) unweighted Modulpis and phase
2 Mean apparent mass

[16] - ib gM) | °2092 | Random 1,0m/s2 RMS 05 to 10 PP
(71,2) unweighted Modulpis and phase

NOTE| vb - vertical back support; ib - inclined back support.

Tlable A.2 — Characterization of the data sets considered for mechanical impeddnce and
apparent mass of the seated body in the fore-aft'direction (x-axis) — No back support

Subjects Excitation
Bibljographic | Number | Mass Type Amplitude Frequency | Reporfed function
reference |(gender)| (mean) range
kg Hz
2 Mean apparent mass
[6] gM) | 27085 | Rihdom 0,5m/s2RMS | 020 PP
(65,7) unweighted Modulfis and phase
57 to 85 1,0 m/s2 RMS Mean apparent mass
6 8 (M Random ’ ; 0,25 to 20
el (M) (6579 unweighted Modulus
) Mean|mechanical
[11] 15 (M) AR 1093 | gihisoidal LOm/s2RMS 14 131480 impedance
(75) unweighted
Modulus
5 Medign apparent
[17] i5 (M) |NR(75,8)| Random 1,0 m/s2 RMS 1,5 t0 20 mass
unweighted
Phase
55 10 03 1,0 m/s? RMS Mean|mechanical
to - : ,Um/s impedance
[43] 15 (M) (75) Sinusoidal unweighted 2to 100 p
Modulus and phase
2 Mean apparent mass
[16] sM) | 22092 | Random 0,5m/s2 RMS 0,5 to 10 PP
(71,2) unweighted Modulus and phase
2 Mean apparent mass
[16] sM) | °2092 | Random 1,0 m/s2 RMS 0,5 to 10 PP
(71,2) unweighted Modulus and phase
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Table A.2 (continued)

Subjects Excitation
Bibliographic | Number | Mass Type Amplitude Frequency | Reported function
reference (gender)| (mean) range
kg Hz
56 to 87 1,0 m/s2 RMS Median apparent
33 12 (M Random ’ . 0,25 to 20
[33] (M) (77,5) unweighted Modulus and phase
61,3 to
) 1,0 m/s2 RMS Mean apparent mass
9 13 (M 103,6 Random ! . 0,25to 30
] (M) (79.3) unweighted Modulus
) Median apparent
[24] 15 (M) |NR(64,3)| Random 0,8 m/s2 RMS 1t020 nrass
unweighted
Modulus

Table AJ3 — Characterization of the data sets considered for mechanical impedance and
apparent mass of the seated body in the lateral direction (y-axis) — With.a back support

Subjects Excitation
Bibliographlic | Number Type Amplitude Frequency ;
Reported fun¢tion
reference| | (gender) Masslgmean) range p
§ Hz
2 Mean apparent{mass
[6] - vb gM) | °7085 | pandom | LOM/SERMST ) o0i020 PP
(65,7) unweighted Modulus and ghase
2 Mean apparentmass
[16] - vb gy | 22192 | pandom | 05752 RMS 0,5 to 10 kP
(71,2) unweighted Modulus and ghase
2 Mean apparentmass
[16] - ib gM) | °0f°% | Random,| 0> M/s°RMS 0,5 to 10 PP
(71,2) unweighte Modulus and ghase
2 Mean apparent{mass
[16] - vb gy | 221092 | pandom | LOM/S?RMS 0,5 to 10 PP
(71,2) unweighted Modulus and ghase
2 Mean apparentmass
[16] - ib gM) | P40  Random | L0 M/ RMS 0,5 to 10 PP
(71,2) unweighte Modulus and ghase
5 Median appafent
[22]-vb| | 15(M) | A®(643) | Random | O*M/S2RMS 1t0 20 mass
unweighted
Modulus
NOTE vb - vertical backsupport; ib - inclined back support.

Table A4 < Characterization of the data sets considered for mechanical impedance a
appargntimass of the seated body in the lateral direction (y-axis) — No back support

Subjects Excitation
Bibliographic | Number | Mass Type Amplitude Frequency Reported function
reference (gender)| (mean) range
kg Hz
2 Mean apparent mass
[6] gM) | °7©85 1 pandom 0,5m/s2RMS 1 551520 kP
(65,7) unweighted Modulus and phase
57 to 85 1,0 m/s2 RMS Mean apparent mass
[6] 8 (M) (65,7) Random unweighted 0,25 to 20 Modulus
55 10 93 1,0 m/s2 RMS Mean mechanical
to ; ; ,Um/s impedance
[11] 15 (M) (75) Sinusoidal unweighted 1,13 to 80 P
Modulus and phase
22 © IS0 2019 - All rights reserved
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Table A.4 (continued)
Subjects Excitation
Bibliographic | Number | Mass Type Amplitude Frequency | Reported function
reference (gender)| (mean) range
kg Hz
5 Median apparent
[17] 15(M) |NR(758)| Random 1,0 m/s2 RMS 1,5 t0 20 mass
unweighted
Phase
Mean mechanical
[131 1oy | 99t093 | o 1,0 m/s2 RMS 2 £5.100 impedance
— R (75) unwelghted
Meodulpis and phase
2 Mean apparent mass
[16] gM) | 22092 | Random 0.5 m/s RMS 0,5 to 10 PP
(71,2) unweighted Modullis and phase
2 Mean apparent mass
[16] 8 (M) 5910 92 Random Lo m/:s RMS 0,5.to10 PP
(71,2) unweighted Modulpis and phase
61,3 to
, 2 Mean apparent mass
[9] 13(M) | 1036 Random LOm/s2RMS = 3. 75 ¢4 30 PP
(79,3) unweighted Modulus

Tjable A.5 — Characterization of the data sets considered for mechanical impeddnce and
apparent mass of the seated body in the vertical direction (z-axis) — With a back support

Subjects Excitation
Bibljographic | Number | Mass e Amplitude Frequency | Function consid-
Typ p q y
reference (gender)| (mean) range ered
kg Hz
70 to 81 1,0 m/s2 RMS Mean|mechanical
~ to ,Um/s impedance
[L] -vb 6 (M) (75.4) Random unweighted 0,625 to 10 P
Modulpis and phase
Indiviflual normal-
2
20] -vb 12 (M NR (754 Random L0 m/.s RMS 1to 20 ized apparent mass
}p
unweighted
Modulus
X2 to 106 0,625 m/s2 RMS Medign apparent
411 - to ,625m/s mass
[41] - vb 12 (M9 (77,2) Random unweighted 0,25 to 20
Modulus
5 Mean|mechanical
[41] - vb 4(M) | NR(70) | Random 1,0 m/s2 RMS 0,5 to 40 impedance
unweighted
Modulpis and phase
o . Mean|mechanical
— 70 5to H0m/sZRMS Tmpedance
[41] -vb 7 (M) 80 (75,1) Random unweighted 0,5to 40 p
Modulus and phase
5 Mean mechanical
[41]-ib12° | 4(M) | NR(70) | Random 1,0 m/s2 RMS 0,5 to 40 impedance
unweighted
Modulus and phase
70 5 1,0 m/s2 RMS Mean mechanical
_j ° ;0 to ,Um/s impedance
[41] -ib 12 7 (M) 80 (75,1) Random unweighted 0,5to 40 p
Modulus and phase

NOTE vb - vertical back support; ib - inclined back support.
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Table A.5 (continued)

Subjects Excitation
Bibliographic | Number | Mass Type Amplitude Frequency | Function consid-
reference (gender)| (mean) range ered
kg Hz
62 to 106 0,625 m/s2 RMS Median apparent
_ to ) m/s mass
[32] -vb 12 (M) (77.2) Random unweighted 0,25 to 20
Modulus
Median apparent
[24] - vb 15 0M)Y INR(64 1 Randem 0,8 m/sz RMS 1t6.20 mass
= N R unweighted
Modulus
. s 50 to 60 1,0 m/s2 RMS Mean apparentimass
[35]-ib 12 9 (M) (55,7) Random unweighted 0,5to 20 oo
2 Mean apparentmass
Bsl-ib12p [ o) | 7237 | Random 1,0 m/s2 RMS 0,5 to 20 kP
(75,2) unweighted Modulus and ghase
b 93 to 107 1,0 m/s2 RMS Mean apparentimass
[35] -ib 12 9 (M) (98) Random unweighted 0,5 £0.20 Phase
66,4 1,0 m/s2 RMS Mean apparent{mass
[42] - vb 12 (M) | to99,6 Random ’ iohted 0,5to 15
(77,3) unweighte Modulus and ghase
66,4
’ 2 Mean apparentmass
[42]-ib12p | 12(M) | t0996 | Random 1,0m/s e 0,5 to 15 PP
(77,3) unweigite Modulus and ghase

NOTE vb - vertical back support; ib - inclined back support.

Table AJ6 — Characterization of the data sets’ considered for mechanical impedance and
apparé¢nt mass of the seated body in the\vertical direction (z-axis) — No back support

Subjects Excitation
Bibliographic | Number| Mass Type Amplitude Frequency | Function consid-
reference (gender) (mean) range ered
kg Hz
Individual appprent
2
[37] 6 (M) |527t0872| Random 1u?1$£15 hlié\/clls 1to 25 mass
§ Modulus and ghase
49 to 74 1,6 m/s2 RMS Mean mecharjical
to ,6 m/s impedance¢
[3] 15 (M) (62.9) Random unweighted 1to 10 P
Modulus
Mean mecharfical
3 TS My 40— —crsordar T RSARMS Tt 10 fmpedarce
3] (62,9) unweighted
Modulus and phase
57 to 85 2 Individual apparent
[5] 8 (M) Random 1LOm/s" RIS 10,2510 20 mass
(71,8) § Modulus and phase
56 to 83 o 1,5 m/s2 RMS Mean apparent mass
7 4 (M Sinusoidal ’ . 2to12
L7] (M) (71,2) unweighted Phase
56 to 83 L 3,0 m/s2 RMS Mean apparent mass
7 4 (M Sinusoidal ’ : 2to12
[7] (M) (71,2) unweighted Phase
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Table A.6 (continued)
Subjects Excitation
Bibliographic | Number| Mass Type Amplitude Frequency | Function consid-
reference (gender)| (mean) range ered
kg Hz
55 to 92 Mee;ln n_orrln_alize((i1
15 (M) (74) . . 0,5 m/s2 RMS mechanical imped-
[10] 15(F) | 54t093 | Smusoidal | eighted 210 100 ance
(66) Modulus and phase
<1 4m/s2 Mean mechanical
[38] 11 (M) 60 to 70 Random weighted 0,5 to 20 impedance
(ISO 2631-1:1985) odulus
<1,4 m/s2 Mean mechanical
[38] 14 (M) | 70t080 | Random weighted 0,5 to 20 impedance
(1SO 2631-1:1985) Modulus
2 Mean apparent mass
[43] 6M) | 28173 | pandom 1,0 m/s2 RMS 05 to 20 PP
(64,2) unweighted Modulps and phase
70 to 81 1,0 m/s2 Mean|mechanical
[1] 6 (M) (754) Random weighted 0,625 to 10 impedance
' (ISO 2631:1:1985) Modulpis and phase
20 to 81 1,0:m/s2 Mean mechanical
1 6 (M Sinusoidal weighted 0,625 to 10 impedance
(75,4)
' (IS0 2631-1:1985) Modulps and phase
2] 15 (M) 55(;2)92 |4 m/s2 RMS Mean|mechanical
i ( »*M/S impedance
“Eredt posture” | 15 (F) 54 to 93 Sinusefgal unweighted 210 100 Mod lp doh
(66) odulps and phase
[12] 15 (M) 55(;?})92 |4 m/s2 RMS Mean|mechanical
« e . i i & M/S impedance
Rel axed"pos 15 (F) 541093 Sinusoidal unweighted 2to 100 P
fure (66) Modulps and phase
36 to 85 1,0 m/s? RMS Median normalized
to ,Um/s apparent mass
[18] 12 (M) (68,3) Random anweighted 2t020 ppM -
odulus
57 0 106 1,25 m/s2 RMS Medign apparent
to ,40 M/S mass
[30] 12 (M) (74,6) Random unweighted 0,25 to 25 . .
odulps and phase
Indivigual normal-
2
[20] 12 (M) | NR(754) Random LOm/s hRMS 1to 20 ized apparent mass
unweighted
S Modulus
110 72(;‘1)96 1,0 m/s2 RMS Median apparent
,Um/s mass
[19] 13 (F) 54to 79 Random unweighted 21020 Modul
67) odulus
64 to 87 1,0 m/s2 RMS Median normalized
to ,Um/s apparent mass
[27] 8 (M) (73) Random anweighted 2t020 y ;)pl .
odulus and phase
2 Mean apparent mass
[41] 4(M) | NR(70) | Random 1,0 m/s2 RMS 0,5 to 40 PP
unweighted Modulus and phase
70,5 to 80 1,0 m/s2 RMS Mean apparent mass
41 7 (M 4 Random g . 0,5to 40
1] (M) (75,1) unweighted Modulus and phase
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Table A.6 (continued)
Subjects Excitation
Bibliographic | Number | Mass Type Amplitude Frequency | Function consid-
reference (gender)| (mean) range ered
kg Hz
1,0 m/s2 RMS Median apparent
U m/s mass
[15] 12 (M) | NR(65,8) Random unweighted 1to 20
Modulus and phase
Median normalized
[21] 12.0M) | NR(658) Random 1,0 m/s2 RMS 1 to40 apparent mass
= N o unweighted
Modulus
89,8 to 1,0 m/s2 RMS Mean apparent/mass
[40] >M) 19g7'80,7)| Random unweighted 1to 50 Midulus
) Median normallized
[44] 14 (M) | NR(70,3) | Random 2,0 m/s2 RMS 0,5 to 20~ ~ apparent mgss
unweighted
Modulus
613 to 1,0 m/s2 RMS Mean apparentjmass
9 13 (M ¢ Random ! . 0;25to 30
] (M) 103,6 (79,3) unweighted Modulus
Median apparent
2
[23] 12(M) | NR(791) | Random 1,0 m/s2 RMS 2020 mass
unweighted
Modulus
5 Median appafent
[24] 15(M) | NR(64,3) | Random 0,8 ni/s2 RMS 1to 20 mass
uiweighted
Modulus
50 to 60 1,0 m/s2 RMS Mean apparentjmass
[35] 9 (M) (55,7) Random unweighted 0,5 to 20 Phase
2 Mean apparentmass
[35] oMy | 79080 | pendom 1,0 m/s2 RMS 0,5 to 20 kP
(75,2) unweighted Modulus and ghase
93 to 107 1,0 m/sZz RMS Mean apparentimass
[35] 9 (M) 98) Random unweighted 0,5to 20 Phase
66.4Fo 1,0 m/s2 RMS Mean apparentjmass
42 12 (M ¢ Random ! . 0,5to 15
142] M) ] 9956 (77,3) unweighted Modulus and ghase
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Table A.7 — Characterization of the data sets considered for mechanical impedance and
apparent mass of the standing body in the vertical direction (z-axis)

Subjects Excitation
Bibliographic | Number Mass Type Amplitude Frequency Reported function
reference (gender)| (mean) range
kg Hz
Mechanical imped-
2] 1(M) 84 Sinusoidal | <0->8peakun- 1to 20 ance
weighted
Modulus
Mechanical imped-
[4] 2 (M) 777 and 84 Sinusoidal 0,2 g.peak 1to 20 ance
(81) unweighted
Phase|(individual)
50 to 76 01 K Mean|mechanical
to /62 ; ; 1 gpea impedance
[29] 20 (M) (59) Sinusoidal unweighted 3 to 200 p
odulus
] 5 Mediaf normalized
[25] 12 (M) Median Random L0 m/; RMS 0,5to 30 appgrent mass
(73,5) unweighted
Modulpis and phase
b 2 Mediap normalized
[26] gm) | 038083 | pondom 1,0 m/s2RMS 0,5t020 | appjrentmass
(72) unweighted
Modulpis and phase
65 6 t0 102 $:5 m /sy RMS Medign apparent
,6 to ,0 M/S2 mass
[39] 12 (M) (77.,5) Random unweighted 0,5 to 20
Modulpis and phase
a  Bpdy mass range of 5 subjects.
b Bpdy mass range estimated from individuals’data.

Tgble A.8 — Characterization of the data sets considered for seat-to-head transmfissibility

(STHT) of the seated body in the vertical direction (z-axis)

Subjects Excitation
Bibljographic | Number, Mass Type Amplitude Frequency Reported function
reference | (genderJ{’ (mean) range
kg Hz
6M) . . 4,85 m/s2 RMS un- Mean modulus and
[28] 3 (F) 57t090 | Sinusoidal weighted 2to 20 bhase
58 to 81 1,75 m/s2 RMS Individual modulus;
[34] 12.(M) (70,8) Random unweighted Up to 25 Hz phase [n = 1; 80 kg)
[14] g (M) (74.6) Random 1,7 m/s RMS 0.5t03% Meah modulus
= 7 R unwelghted 7
58to 73 1,0 m/s2 RMS Mean modulus and
[43] 6 (M) (64,2) Random unweighted 0,625 to 20 phase
Random; 1,0 m/s2 RMS Mean phase (hands
[8] 39 (M) NR (1-4 Hz) weighted 1to20 on steering wheel)
2
[40] 5(M) |657t098,7| Random L0 m/.s RMS 1to 50 Mean modulus
unweighted
66,4 to 1,0 m/s2 RMS .
[42] 12 (M) 99,6 (77,3) Random unweighted 0,5to 15 Median modulus
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Annex B

(informative)

Lumped mass model

The model (see Figure B.1) constitutes a three-degrees-of-freedom system for which the masses,
springs and dampers do not correspond to physiological structures within the body. The input force

is considere

h. The

model paranjeters listed in Table B.1 were derived to obtain agreement with the weighted mean*(target)
values defin¢d for the apparent mass in the vertical direction with no back support and-the sqgat-to-

head transmiissibility as given in Tables 6 and 8. The model predictions are illustrated by dashed
D and B.3 where they are compared with the range of idealized values defined respedtively
rent mass and the seat-to-head transmissibility. The model parameters-isted in Tabjle B.1
ikely apply to a subject with total body mass of 75 kg, while assuming that 73 %

in Figures B.
for the appal
would most

bf the

mass is resting on the seat. For the purpose of computing seat-to-head transmissibility, mass mp may

tentatively b

e taken to represent the head.

Table B.1 — Values of the parameters of the model (body mass of 75 kg)

Mass Stiffness Damping coefficient
Parameter kg N/m Nxs/m
mo | mi | my | m3 k1 ka k3 1 2 B
Value 2 6 2 | 45 | 999x103 | 3,44 x 104(,3,62 x 104 387 234 1,39 k103
m, ——X
k, § I:j 0
my ——0X
S P
k I:j a
ks I:j 5}
Xg— — My
Figure B.1 — Biodynamic model of the seated human body
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Y1 mnjodulus in kg

Y2 phasein®

NOTE For an explanation of the curves, see 4.1.

Figure B.2 — Comparison between model (dashed line) predictions and the range of idealized

values for the vertical apparent mass with no back support
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NOTE

For an explanation of the curves, see 5.1.

Figure B.3 — Comparison between model (dashed line) predictions and the range of idealized

30

values for the seat-to-head transmissibility
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Annex C
(informative)

Mathematical models

Mathematical expressions in the form of transfer functions denoted by H(s) are defined to approximate
the mean (target) values defined at each frequency in Flgures 1 to 7 for the apparent mass and in

Figurg
Table
dotte
defin

H(s) i
H

wher

Pi

(%)

Table

C O forthe seatto-tread Irdﬂlelblelll[y Thecoefficientsof the transfer fumnctions
5 C.1 to C.8 for H(s). The computed responses resulting from these formulae areli
 lines in Figures C.1 to C.8 where they are compared with the mean and range ofiide
ed respectively for the apparent mass and the seat-to-head transmissibility.

5 given by Formula (C.1):
k. Ps)

(=506

(s)=(s2+A1:-s+B1):(s2+A-s+B2)(s2+A3-s+B3)

Q) =(s2+C1-s+D1) - (s2+C2-5s+D3) - (s2+C3-5%¥D3) - (s2+Ca-s+Dyg)

=2mjf  j=v-1

C.1 — Coefficients of the transfer function for the apparent mass of the seated
back support under x-axis vibration
Coefficient H(s) Coefficient H(s)

K 5,875 x 104 C1 2,702 x 101
A1 5,542 x 102 Dq 9,106 x 102
B1 3,950 x 104 C 2,658 x 10-2
Ao 2,572 x 102 Dy 9,085 x 102
By 9,085 x 102 C3 1,038 x 101
A3 1,110 x 101 D3 2,274 x 103
B3 2,263 x 103 Cy 3,400

Dy 3,853 x 104

are given in
lustrated by
hlized values

(C.1)

body with a
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NOTE Fo

Figure C.1
values fo

Table C.

32

qg

rin Hz

an explanation of the-curves, see 4.1.

- Comparison between the transfer function (dotted line) and the range of ide
" the apparent mass of the seated body with a back support under x-axis vibrat

lized
on

2 &5 Coefficients of the transfer function for the apparent mass of the seated bo1iy

without a back supportunder x-axis vibration

Coefficient H(s) Coefficient H(s)
K 1,441 x 1016 C1 1,552 x 1010
A1 1,143 x 101 D1 3,211 x 1015
B 1,317 x 102 %) 3,172 x 101
A 2,080 Dy 3,530 x 102
B> 9,667 x 102 C3 1,592 x 101
A3 6,484 D3 1,876 x 102
B3 6,941 x 103 Ca 1,952
Dy 9,798 x 102
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For an explanation of the curves, see 4.1.

e C.2 = Comparison between the transfer function (dotted line) and the range
valdes for;the apparent mass of the seated body without a back support under x-axi

of idealized
s vibration

Table C.3 — Coefficients of the transfer function for the apparent mass of the seated body with a

back support under y-axis vibration

Coefficient H(s) Coefficient H(s)
K 1,196 x 1019 C1 2,326 x 1016
Aq 1,782 x 101 D1 6,880 x 1012
B1 9,781 Ca 1,736 x 101
A; 2,761 x 101 D> 1,846 x 102
B> 6,740 x 102 C3 5,406 x 101
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Y1

Table C.3 (continued)

Coefficient

H(s)

Coefficient

H(s)

A3

4,645 x 101

D3

8,930 x 102

B3

4,547 x 103

Cy

5,233 x 101

Dy

2,465 x 103

100 H

60

40

20

N
=
1

-100 f

10

-120

Key
X  frequency
Y1 modulus

rin Hz
n Kg

Y2 phasein*

NOTE

For an explanation of the curves, see 4.1.

Figure C.3 — Comparison between the transfer function (dotted line) and the range of idealized
values for the apparent mass of the seated body with a back support under y-axis vibration
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Table C.4 — Coefficients of the transfer function for the apparent mass of the seated body
without a back support under y-axis vibration

Coefficient H(s) Coefficient H(s)
K 8,154 x 1015 C1 2,675 x 1010
Aq 1,191 x 101 D1 1,745 x 1015
B1 2,420 x 101 ) 1,025 x 102
A; 1,400 x 101 D> 1,345 x 102
B3 5,490 x 102 C3 1,690 x 101
A3 -2,204 D3 1,319 x 102
B3 1,400 x 104 Ca 1,576 x 101
Dy 5,115 x 102
Y1
80
60 |
40
20
0
0 X
Y2
0 -
50
-100+:
_150 | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10 X

Key

X  frequency in Hz
Y1 modulus in kg
Y2 phasein®

NOTE For an explanation of the curves, see 4.1.

Figure C.4 — Comparison between the transfer function (dotted line) and the range of idealized
values for the apparent mass of the seated body without a back support under y-axis vibration
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