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Foreword

ISO (the I

nternational 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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not ¥eceived ndgtice of (a)
which may be required to implement this document. However, implemefitefs are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at
prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad{
constitutd

For an ex

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

related t

conformity assessment, as well as information about ISO's adherence to the Wo

Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee ISO/TC 108, Mechanical vibration, shock and condition

monitoring, Subcommittee SC 4, Human exposure to mechanical vibration and shock.

Alist of all parts in the ISO 10326 series can be found on the ISO website.

Any feed
complete

ack or questions on this document should be directed to the user’s national standards body. A
listing of these bodies can be foundat www.iso.org/members.html.
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Introduction

Vehicle seats play an important role in reducing the vibration transmitted to occupants. While conventional

seats are widely used in transport vehicles such as cars, buses, trains, and airplanes, suspension

seats are

commonly adopted to cope with severe vibration environments in earth-moving machinery, agricultural

wheeled tractors, and industrial trucks.

It is often required that the dynamic performance of vehicle seats be tested in the laboratory. The
International Organization for Standardization and the European Committee for Standardization have

published several standards defining laboratory methods for evaluating the dynamic perfor

mance of

different types of vehicle seats. Such standards include ISO 70964 for earth-moving machinery, ISO 5007L1]

for agric 2  effective

amplitud¢ transmissibility (SEAT) factor, an important dynamic performance index of vehidle
obtained pxperimentally using both a light and a heavy participant, see Annex D.

As has bden recognized in the practical use of the mentioned standards, finding suitable ‘partic
vibration|tests of vehicle seats is frequently neither easy nor convenient. The use of participants g
safety andl ethics concerns. These issues have motivated the design and developmént“of dynamic
that can replace participants for vibration tests of vehicle seats.

Regardlegs of its shape and structure, a dynamic dummy that complies with-this document is c
to meet the minimum requirements for the purpose. In particular, actuakoperating conditions m
more resfrictive requirements.

Conformify with this document should not be interpreted as a confirmation that the dynamic
passing the validation test necessarily yields seat vibration transmissibility characteristics d
those thaf are obtained when using participants.

seats, be

pants for
Iso raises
dummies

bnsidered
iy impose

dummies
iplicating
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Mechanical vibration — Laboratory method for evaluating
vehicle seat vibration —

Part 3

Specification of dynamic dummies for Z-axis motion

1 Scope

This docyiment specifies dynamic dummies used as replacements for participants in ¥ibratio
vehicle septs in laboratory.

This docyment is applicable to seats installed in earth-moving machinery, agricultural wheeled
and indugtrial trucks.

This docyment specifies technical requirements, acceptance criteria, dnd a validation test for

dummies
(98 kg to

representing the human body in two mass groups: lightweight(52 kg to 55 kg) and heg
115 kg). It only applies to passive and active dynamic dunimies used for vibration tests

seats in the Z-axis (vertical) direction.

This docyment defines, for the two mass groups, the biodynafii¢ response characteristics that thg

dummies

are required to reproduce to represent those of.the participants to be replaced. This

gives guidance on conducting future research to explore the degree of convergence that can be reaq
the dynarhic performance of seats is measured with participants and with dynamic dummies conf|

this docu

NOTE 1
excitation

ment.

and dynamic characteristics of the seats. Depending on the type of vibration excitation appli

have sugg¢sted that the use of dynamic dummies can show benefit over an inert mass of equivalent weight
testing sugpension seats with higher natural frequency (>2 Hz).

NOTE 2

performar]ce of seats compared with that measured with participants. Several factors can be in cause a
further inyestigation, one of them being the influence of the legs possibly not being adequately considered ¥

dynamic d

bmmies.

2 Normative references

The folloying decuments are referred to in the text in such a way that some or all of their content

requirem
the latest

[SO 2041,
[SO 5805,

ents of this document. For dated references, only the edition cited applies. For undated r
edition of the referenced document (including any amendments) applies.

h tests of

tractors,

dynamic
vyweight
of vehicle

b dynamic
Hocument
hed when
prming to

For seat testing, results have shown that the benefit of using a dynamic dummy is highly dependent on the

bd, studies
only when

The use of dynamic dunmimies has been reported to tend to overestimate the vibration isolation

hd require
Vhen using

ronstitute
bferences,

Mechanical vibration, shock and condition monitoring — Vocabulary

Mechanical vibration and shock — Human exposure — Vocabulary

[SO 8041-1, Human response to vibration — Measuring instrumentation — Part 1: General purpose vibration meters

ISO 10326-1:2016, Mechanical vibration — Laboratory method for evaluating vehicle seat vibration — Part 1:
Basic requirements

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2041, ISO 5805, and the following apply.

© IS0 2024 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO0

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

— IEC Electropedia: available at https://www.electropedia.org/

3.1

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

M(f

_F

Note 1 to ¢
modulus a

Note 2 to ¢
the point ¢
mass) is cd

Note 3 to ¢
spectra.

[SOURCE;

3.2

dynamic
test devid
character

[SOURCE:

3.3
passive d
dynamic g

Noteltoe

Note 2 to
componen

Note 3 to d

a(f)

ntry: The apparent mass is a complex quantity (i.e. it possesses real and imaginary parts)from
hd phase can be computed.

ntry: For the purposes of this document, force and acceleration are measured atthe-Same point
f introduction of vibration. Accordingly, only direct apparent mass (also knownas driving poin
nsidered in this document.

ntry: In the case of non-harmonic vibration, apparent mass is determined from the force and a

[SO 5982:2019, 3.1, modified — Note 2 to entry has been addpted.]

dummy
e or mechanically realizable human analogue model that simulates one or more of the
istics of the human body

IS0 5805:1997, 5.5, modified — Note to entr§y has been deleted.]

ynamic dummy
ummy (3.2) that cannot adaptively change its parameters.

entry: A passive dynamicydummy can be constructed with passive (namely, unpowered) 1
[s such as masses, springs,and dampers.

ntry: An exampleof passive dynamic dummy is shown in Figure 1. See Annex B for more inform4

which the

this being
t apparent

Fceleration

dynamic

htry: A passive dynamic dummy ¢an reproduce the apparent mass of a small number of notional human bodies.

nechanical

tion.

Figure 1 — Example of passive dynamic dummy

© IS0 2024 - All rights reserved
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active dynamic dummy
dynamic dummy (3.2) that can adaptively change its parameters

Note 1 to entry: An active dynamic dummy can reproduce the apparent mass of a larger number of notional human

bodies tha

n a passive dynamic dummy can.

Note 2 to entry: An active dynamic dummy can be constructed with active (namely, powered) mechanical components
such as actuators and control systems.

Note 3 to entry: Examples of active dynamic dummies are shown in Figure 2. See Annex C for more information.

4 Sym

a(t)
F(®)

M({f)

GaF(f
Gaaf

5 Mea

Figure 2 — Examples of active dynamic dummies

bols and abbreviated terms

acceleration time history in the Z4xis (vertical) direction, m-s2

force time history in the Z-akis'(vertical) direction, N

frequency, Hz

apparent mass atthe-dummy-seat interface in the Z-axis (vertical) direction, kg

) cross power spectral density of acceleration and force at the dummy-seat interface, N
auto power-spectral density of acceleration at the dummy-seat interface, (m-s-2)2/

time)s

suring instrumentation and vibration equipment

m-s2)/Hz

Measuring Instrumentation shall be in accordance with ISO 8041-1 and ISO 10326-1:2016,

Vibration

equipment shall be in accordance with ISO 10326-1:2016, Clause 6.

The minimum signal bandwidth shall be from 0,5 Hz to 20 Hz.

lauses 5.

Acceleration shall be measured with an accelerometer attached to the centre of a semi-rigid mounting disc
in accordance with ISO 10326-1:2016, 5.2.3.

Force shall be measured with a force transducer.

© IS0 2024 - All rights reserved
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6 Requirements for dynamic dummies

6.1 Mass

The purpose of a dynamic dummy is to replace as an alternative the participants for vibration tests of
vehicle seats when applying ISO 7096[4], ISO 500711 and EN 13490[2l. In terms of body mass, two groups
of participants are considered in the mentioned standards: lightweight (52 kg to 55 kg), and heavyweight
(98 kg to 115 kg).

Considering that the sitting mass of the occupant of a seat (namely, the fraction of the mass of the occupant
of a seat supported by the seat itself) is approximately 75 % of the body mass of the occupant, the mass of
the dynamic dummy shall be between 39,0 kg and 41,3 kg for the lightweight group, and between 73,5 kg
and 86,3 kg for the heavyweight group.

6.2 Merhanical components

Mechanicpl components such as masses, springs and dampers can be used in the& construqtion of a
dynamic lummy to approximate the apparent mass of some notional human bodies*Fhe properties of such
mechanicpl components can be optimised by referring to the pertinent characteristics of the corr¢sponding
notional juman bodies. Springs shall have low internal friction to approximatethe ideal behaviour} Bearings
and guidgs may be used in the dummy structure to provide kinematic pairs between moving and qtationary
parts. Th¢ mechanical properties of these components may change over time which may affect th¢ dynamic
performapce of the dummy. The dummy shall be checked regularly folowing the method in Clausq 7.

6.3 Sedt contact

The dynamic dummy shall have appropriate supporting structures to establish contact with sedt cushion
and seat pack. The bottom supporting structure of the;dynamic dummy shall rest on the seaf cushion;
its shape [can be either flat (e.g. similar to the one of the SIP device defined in ISO 5353[2]) or cpntoured.
The back|supporting structure of the dynamic dumifiy shall rest on the seat back to provide stapility and
to prevent the dynamic dummy from falling during vibration tests. The area of the dummy-sedt cushion
interface fhall be similar to the area of a person-seat cushion interface. Friction at the dummy-seat interface
shall be cpntrolled so that no sliding motion oceurs.

A seat belf or harness may be used to stabilise the dummy on the seat. The seat belt or harness shall only be
used betWeen the frame of the dynamic.dummy and the seat, but it shall not constrain the movement of the
moving pprts of the dynamic dumiyand shall not generate additional compressive deformatior of either
seat cush]on or seat back.

To obtainfa good fit, the dynamic dummy can be placed on the seat following the procedure recommended in
ISO 5353:11995, 5.3.2.

6.4 Apparent mass

The dynagmic, dammy shall reproduce the idealized Z-axis (vertical) apparent mass at seat cughion of a
lightweight-participant (52 kg to 55 kg) and/or a heavyweight participant (98 kg to 115 kg) sitting|on a rigid

seat withlflathorizontal seat cushion and flat vertical seat back ninder Z-axis (vpr'rirnl) vibration

Figure 3 shows modulus and phase of the mean (target) and range of idealized Z-axis (vertical) apparent
mass at seat cushion of the lightweight (52 kg to 55 kg) group sitting on a rigid seat with flat horizontal seat
cushion and flat vertical seat back under Z-axis (vertical) vibration. The corresponding numerical data are
listed in Table A.1.

Figure 4 shows modulus and phase of the mean (target) and range of idealized Z-axis (vertical) apparent
mass at seat cushion of the heavyweight (98 kg to 115 kg) group sitting on a rigid seat with flat horizontal
seat cushion and flat vertical seat back under Z-axis (vertical) vibration. The corresponding numerical data
are listed in Table A.2.

© IS0 2024 - All rights reserved
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The apparent mass reproduced by a dynamic dummy shall lie within the pertinent range of idealized values
in the frequency band from 0,5 Hz to 20 Hz as shown in Figures 3 and 4.
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Figure 3 — Modulus and phase of the mean (target) and range of idealized Z-axis (vertical) apparent
mass at seat cushion of the lightweight (52 kg to 55 kg) group
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Figure 4 — Modulus and phase of the mean (target) and range of idealized Z-axis (vertical) apparent
mass at seat cushion of the heavyweight (98 kg to 115 kg) group

7 Validation test for dynamic dummies

Before a dynamic dummy can be used to replace participants for vibration tests of vehicle seats, it shall
pass a validation test in which its apparent mass is evaluated experimentally using a rigid seat with flat
horizontal seat cushion and flat vertical seat back.

© IS0 2024 - All rights reserved
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The validation test shall be conducted by using suitable measuring instrumentation and vibration
equipment, by following the recommendations in Clause 5, and by satisfying the basic requirements
specified in ISO 10326-1.

An example setup for measuring the apparent mass of a dynamic dummy is shown in Figure 5.

A force transducer shall be attached to the rigid seat cushion or the vibrating table of a vibrator. The
dynamic dummy shall be secured to the top surface of the force transducer plate and to the rigid seat back
(or a back supporting structure fixed on the vibrator) through the cushion and backrest indenters of the
dynamic dummy. An accelerometer shall be attached to the interface between the dynamic dummy and the
force transducer plate to measure the input acceleration. A seat belt or harness may be used to prevent the
dummy from falling but shall not influence the motion of the moving parts of the dynamic dummy.

~H| L
— :

. /

Key

1  suppdrting structure 5 accelerometer (SIT-pad)
2 backrpst indenter of the dummy 6  force transducer plate

3  dynarpic dummy 7  vibrating table

4 cushipn indenter of the dummy 8  vibrator

Figure 5 — Examiple setup for measuring the apparent mass of a dynamic dummy

During tHe validationitest, the force F(t) and the acceleration a(t) at the interface between thq dynamic
dummy ajnd the force transducer plate shall be measured in the Z-axis (vertical) direction. Acfeleration
excitatior]s shall.have vertical (Z-axis) direction and stationary random broadband waveform with a root-
mean-square,valie of (1,0 £ 0,05) ms2 in the frequency band from 0,5 Hz to 20 Hz. The duration of an
acceleratilon excitation shall be no less than 60 s.

Before calculating apparent mass, the mass cancellation procedure shall be applied to minimize the influence
of the mass of the force transducer. The mass cancellation procedure may be performed in the time domain
by multiplying the acceleration time-history measured on the seat surface with the mass of the plate above
the force transducer and then subtracted from the measured force.

The Z-axis (vertical) apparent mass at the dummy-seat interface, M(f), shall be obtained in the frequency
band from 0,5 Hz to 20 Hz as the ratio of the cross power spectral density of acceleration and force at

© IS0 2024 - All rights reserved
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the dummy-seat interface, G,z(f), to the auto power spectral density of acceleration at the dummy-seat
interface, G,,(f), as given by Formula (1):

GaF(f)
Gaa (f)

The measurement shall be repeated three times consecutively. Final values of modulus and phase of apparent
mass shall be obtained by calculating the arithmetic mean of the experimental data collected during the
three repetitions.

M(f)= 8

For the dynamic dummy to pass the validation test, the final values of modulus and phase of apparent mass
shall be within the range of idealized values over the frequency band from 0,5 Hz to 20 Hz as specified in 6.4.

To assurg that the dynamic performance of the dummy remains to be valid during later measyirements,
the apparnent mass of the dummy shall be checked regularly or once every 6 months following/the method
described in Clause 7.

8 Test|report

The test feport of the validation test shall present text, photographs, and plets of force, acceleration, and
apparent mass data.

The test report shall include at least the following data:

a) manyfacturer, model, and description of the dynamic dummy;

b) arefdrence to this document, i.e. ISO 10326-3:2024;

c) testdate and testlaboratory information;

d) methpd of securing the dynamic dummy to the rigid seat or vibrator;

e) mass|of the dynamic dummy;

f) descrjiption and calibration information ef,the equipment;

g) descifiption and photograph(s) of the dummy-seat assembly and of the experimental setup;
h) descrfiption of mass cancellatiofi;ymeasurement duration, and vibration excitation level for each run;
i) descifiption of test run-in, execution sequence, and data processing;

j) example graphs showingforce and acceleration time histories as described in Clause 7;

k) graplys showing final values of modulus and phase of apparent mass superimposed on thg range of
idealized valugs for the appropriate (lightweight or heavyweight) group;

1) ranggs of ambient temperature and relative humidity during the tests;

m) any deviations from the procedure;

n) any unusual features observed.

The report shall provide a clear statement certifying whether or not the dynamic dummy passed the
validation test in accordance with this document.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Idealized Z-axis (vertical) apparent mass at seat cushion of a

lightweight (52 kg to 55 kg) group and of a heavyweight (98
to 115 kg) group
Theappa 0we = - - r———— - - — - W 7
biodynanjic response

contact.
having b
data for the heavyweight (98 kg to 115 kg) group were obtained from 15 male participants ha

he data for lightweight (52 kg to 55 kg) group were obtained from 15 male and fernale pa

kg

pbating the
| backrest
rticipants

dy mass between 53,6 kg and 58,7 kg (mean value 56,3 kg and standard devidtion 1,% kg). The

/ing body

mass betyveen 96 kg and 117 kg (mean value 104,4 kg and standard deviation 6,3-kg). Tables AJl and A.2
list modujus and phase of the mean (target) and range of idealized Z-axis (vertidal)’apparent mgss at seat

cushion of the lightweight (52 kg to 55 kg) group and heavyweight (98 kg to 115 kg) group sitting
seat with|flat horizontal seat cushion and flat vertical seat back under Z-axis-(vertical) vibration

on a rigid

Table A.1 — Modulus and phase of the mean (target) and range‘of idealized Z-axis (vertfical)

apparent mass at seat cushion of the lightweight/(52 kg to 55 kg) group
Frequency Modulus Phase
Hz kg degree
Mean Upper limit | Lewer limit Mean [{anir Ll(i)r‘;lvietr
0,5 46,4 56,3 39,5 0,7 9,4 -2,4
0,75 46,5 5646 40,1 -0,1 3,8 -1,7
1 46,7 57,0 40,5 -0,2 2,4 -1,7
1,25 47,0 57,5 409 -0,3 0,6 -1,7
1,5 47,6 58,3 41,5 -0,9 0,3 -2,0
1,75 48,2 59,3 42,2 -09 0,2 -2,5
2 49)0 60,7 43,0 -1,0 0,2 -3,2
2,25 50,0 62,3 439 -1,3 0,1 -4,0
2,5 51,2 64,2 44,8 -1,6 -0,2 -5,0
2,75 52,4 66,6 45,8 -2,4 -0,6 -6,1
3 53,8 69,0 46,9 -3,0 -1,3 -7,4
3,25 55,4 71,5 48,0 -39 -2,0 -9,4
3,5 57,3 73,9 49,4 -5,2 -2,7 -12,0
3,75 59,6 75,7 50,7 -7,2 -3,5 -15,4
4 62,2 76,7 52,1 -9,2 -4,5 -19,3
4,25 63,8 771 53,4 -11,8 -5,7 -23,9
4,5 66,0 77,2 54,7 -15,1 -7,2 -28,3
4,75 679 77,3 559 -19,5 -9,0 -32,1
5 68,6 77,6 57,3 -23,3 -11,3 -36,4
5,25 69,0 77,8 58,3 -26,9 -13,8 -41,3
5,5 68,7 78,2 59,1 -32,2 -16,5 -45,8
5,75 67,6 79,0 59,0 -35,4 -19,8 -50,6
6 65,8 79,8 57,7 -39,7 -23,7 -55,8

© IS0 2024 - All rights reserved
9


https://standardsiso.com/api/?name=b39e2d18ce6aefa102e4f19f022836f5

ISO 10326-3:2024(en)
Table A.1 (continued)
Frequency Modulus Phase
Hz kg degree
Mean Upper limit | Lower limit Mean I{anir Ll(i)r‘ll'nvietr
6,25 64,0 80,3 55,3 438 | 273 | -596
6,5 62,3 797 51,9 473 | 31,2 | -62,6
6,75 60,1 79,5 477 494 | 346 | -654
7 55,3 78,1 43,5 535 | 372 | -669
725 53.4 75.3 39.6 563 | -390 | -685
75 50,6 71,6 36,3 574 | -400 | 70,1
7,75 47,6 68,1 33,7 583 | 405 | 748
8 45,3 63,3 31,7 596 | -409 | 03272
8,25 43,7 59,1 30,4 -60,6 | -413410 72,7
8,5 41,5 55,9 29,5 609 | -4160"] 73,0
8,75 40,0 53,9 28,9 604 |~422 | 74,0
9 39,2 53,0 28,3 -60,8C)7-431 | 748
9,25 38,3 52,8 279 617 | 442 | 757
9,5 36,9 52,7 274 | <621 | 456 | 769
9,75 35,8 52,4 268 QNM-630 | -474 | 777
10 34,9 51,8 261 | -634 | -496 | 777
10,25 34,0 50,8 255 | 640 | 516 | -776
10,5 32,8 494 | *8249 645 | 532 | 777
10,75 31,8 477 SN 243 651 | -546 | -779
11 30,9 459\ 241 -654 | -555 | -781
11,25 30,5 4y 24,1 662 | -557 | -781
11,5 297 |24 24,1 661 | -557 | -78.
11,75 290 {J 408 239 -66,5 | 556 | -785
12 283\ | 397 23,5 671 | 553 | -794
12,25 A 38,8 22,9 -675 | -550 | -809
12,5 (26,8 38,3 22,0 -683 | 545 | -827
1275 |50 264 379 21,1 69,2 | 541 | -850
13 ~F 257 379 20,1 69,1 | 539 | -871
13,25~ 251 38,0 19,1 699 | 539 | -891
By 24,4 380 18,0 70,6 | -54,0 | -90,4
43,75 23,8 379 17,1 71,0 | -547 | -916
- 14 23,1 37,6 16,2 71,6 | -556 | -92,7
1,25 22,6 37,3 15,3 =72% 56,3 934
14,5 218 36,9 14,6 72,7 | 570 | -94,0
14,75 21,2 36,3 13,9 732 | 576 | 951
15 20,7 35,6 13,2 739 | -581 | -958
15,25 20,3 34,8 12,5 745 | -586 | -959
15,5 19,6 33,8 11,8 747 | 592 | -967
15,75 19,0 32,5 11,2 742 | 598 | 971
16 18,5 31,1 10,5 749 | -602 | -973
16,25 17,6 29,8 9,9 753 | -607 | -973
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Table A.1 (continued)

Frequency Modulus Phase

Hz kg degree
Mean Upper limit | Lower limit Mean l{f)ngir Ll(i)r“:lvietr
16,5 17,4 28,4 9,4 -74,0 -61,0 -97,3
16,75 16,7 27,0 89 -73,7 -61,3 -96,7
17 15,9 26,0 8,5 -73,9 -61,4 -96,0
17,25 15,5 251 8,0 73,7 -61,7 -95,5
175 151 244 7.7 734 -61.5 -94.3
17,75 14,9 239 7,3 -73,8 -61,1 -93,2
18 14,3 23,5 7,0 -73,6 -60,5 -9252
18,25 13,9 23,0 6,6 -72,6 -59,9 390,2
18,5 13,6 22,5 6,3 72,0 -59,2 -87,8
18,75 13,2 22,1 6,0 -71,8 -579 -87,3
19 12,8 21,5 5,7 -72,3 -56,4 -85,6
19,25 12,6 21,1 55 -72,3 -54,5 -83,1
19,5 12,4 20,9 53 -69,5 -52,0 -82,0
19,75 11,9 19,9 51 <67,5 -48,9 -79,5
20 11,5 19,1 50 -67,6 -45,8 -79,2

Table A.2 — Modulus and phase of the mean (target) and range of idealized Z-axis (vertlical)
apparent mass at seat cushion of the heavyweight (98 kg to 115 kg) group

Frequency Modulus Phase
Hz kg degree
Mean Upper limit | Lower limit Mean [ljlpnliletr Ll(i)r‘rllvietr
0,5 85,7 99,8 71,6 -0,2 1,3 -1,7
0,75 86,6 102,1 73,9 -0,5 0,8 -1,7
1 879 104,1 75,2 -0,5 0,5 -1,9
1,25 89,6 106,3 76,7 -0,9 0,1 -2,4
1,5 91,2 108,8 77,8 -1,1 -0,1 -3,2
1,75 93,1 111,5 79,1 -1,5 -0,5 -3,8
2 95,4 114,7 80,5 -2,2 -1,0 -4,4
225 98,1 118,3 82,1 -2,8 -1,5 -5,3
2,5 101,6 122,4 83,8 -3,4 2,1 -6,4
2,75 105,0 128,1 859 -4,8 -2,9 -8,0
3 1(\0]& 1'21"'"2 QQ’A A’A_ Q’Q 1(\,1'\'
3,25 115,6 144,5 91,8 -8,5 -4,8 -15,1
3,5 121,2 1554 95,5 -11,4 -5,7 -22,0
3,75 127,3 164,7 99,0 -15,3 -6,6 -299
4 1339 170,0 101,9 -20,0 -7,5 -38,4
4,25 135,6 171,7 103,6 -25,0 -9,0 -47,5
4,5 137,7 171,1 103,7 -31,4 -10,7 -54,5
4,75 136,4 168,4 102,2 -38,9 -13,1 -58,6
5 131,5 164,3 99,7 -44,3 -16,3 -62,2
5,25 125,8 160,7 95,8 -49,0 -20,0 -65,6

© IS0 2024 - All rights reserved
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Table A.2 (continued)

Frequency Modulus Phase
Hz kg degree
Mean Upper limit | Lower limit Mean I{anir Ll(i)r‘ll'nvietr
5,5 1174 159,3 91,0 547 | 238 | -680
5,75 110,1 1579 85,2 574 | 286 | 701
6 102,7 157,2 78,9 602 | -330 | 727
6,25 95,7 156,4 72,7 623 | 361 | 738
6.5 90.1 154,0 675 634 | -385 | 738
6,75 86,0 149,1 63,3 634 | -401 | 741
7 79,8 141,0 60,5 -639 | -403 | ZAD
7,25 76,5 129,2 59,3 654 | -40,0 | 7754
75 73,4 1169 58,2 652 | -402410 76,5
7,75 70,2 1059 56,3 661 | -40,0" 777
8 674 95,4 54,3 67,0 |-415 | 779
8,25 64,8 88,0 52,5 -678C) 42,6 | 780
8,5 62,7 83,5 49,7 677 | -441 | 783
8,75 61,4 81,3 473 | <677 | 461 | 783
9 59,8 80,8 458 OM-683 | -487 | 783
9,25 57,6 81,1 448\ | -686 | -51,7 | 789
9,5 56,4 80,5 434 694 | 553 | 795
9,75 55,4 794 | *5a25 71,2 | -588 | 795
10 54,2 777 o 416 720 | -619 | 797
10,25 52,9 751 403 730 | -641 | -80,0
10,5 51,0 719’ 38,7 739 | -657 | -803
10,75 487 0690 371 751 | -668 | -804
11 471 1 658 35,5 76,0 | -673 | -80,8
11,25 4540 | 629 33,9 766 | -677 | -811
11,5 &) 60,3 32,4 770 | -679 | -814
11,75 420 57,6 31,0 772 | -681 | -82,0
12 (59405 55,2 29,8 770 | -681 | -829
1225 ~7 384 53,3 28,6 775 | -683 | -838
12,55~ 37,3 51,2 27,6 775 | -686 | -844
12,75 36,4 49,4 26,6 778 | -688 | -853
o 13 35,0 479 257 767 | -691 | -86:2
£ 13,25 33,8 46,4 24,8 76,6 | -691 | -869
135 324 17,5 23,9 76,7 69,1 87,6
13,75 31,6 42,9 23,2 763 | -690 | -885
14 30,3 41,3 22,6 757 | 688 | -892
14,25 29,4 39,7 22,1 754 | -681 | -895
14,5 28,6 37,8 21,8 743 | -676 | -90,0
14,75 27,6 36,3 21,6 739 | -669 | -904
15 27,0 34,8 214 737 | -660 | -90,5
15,25 26,5 33,3 21,2 735 | -652 | -903
15,5 25,8 32,0 20,9 730 | -646 | -897

© IS0 2024 - All rights reserved
12



https://standardsiso.com/api/?name=b39e2d18ce6aefa102e4f19f022836f5

ISO 10326-3:

2024(en)

Table A.2 (continued)

Frequency Modulus Phase

Hz kg degree

Mean Upper limit | Lower limit Mean I{anir Ll(i)r‘ll'nvietr
15,75 25,2 30,8 20,5 716 | -634 | -893
16 24,7 29,8 20,3 715 | -625 | -885
16,25 23,8 28,8 20,1 708 | -61,3 | -877
16,5 24,0 28,0 19,9 697 | -602 | -873
1675 23,5 273 19.8 690 | -593 | -874
17 22,7 26,7 19,8 -684 | -587 | -871.]
17,25 22,4 25,9 19,5 681 | -580 | -872
17,5 219 25,4 19,1 677 | 577 | 0874
17,75 21,5 25,0 18,7 679 | 57240 -873
18 21,0 24,6 18,4 675 | 566" -871
18,25 20,8 24,3 18,0 66,8 |--563 | -871
18,5 20,6 23,9 17,5 -66,5C1-56,0 | -874
18,75 20, 23,5 17,1 664 | -555 | -878
19 19,5 231 168 | <669 | -551 | -879
19,25 19,3 22,8 165 O -667 | -545 | -877
19,5 19,3 22,4 163 | -648 | -538 | -875
19,75 19,0 22,3 16,2 634 | -527 | -861
20 18,6 216 | <8158 637 | -522 | -86,0
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Annex B
(informative)

An example of passive dynamic dummy

This annex provides an example of passive dynamic dummy used for seat tests.

This passwe dynamlc dummy repllcates the mean Z -axis (Vertlcal) apparent mass of 51xty part1c1pants exposed

to accelerp

has a masfs of 53,4 kg (correspondlng to a body mass of apprOXImately 72 kg) and consists of done-(
freedom passive simulator unit with articulated seat cushion and seat back indenters. Figure B.1
passive dynamic dummy represented as a one-degree-of-freedom discrete-element model

The passie simulator unit consists of a moving mass constrained to move vertically)on two chro

legree-of-
shows the

me-plated

precisionshafts. A dashpot provides damping to the unit. The internal friction of‘the unit is low t¢ ensure a

linear response over a range of input magnitudes suitable for seat testing.

The passie dynamic dummy interfaces with the seat surface using two shaped indenters (SIT-ba

's) at seat

cushion and seat back. Figure B.2 shows the design of a SIT-bar indenterl12]. The seat cushion indenter is

articulatdd to the bottom of the frame to allow adjustment of the poSition of the passive dynamic d
the seat. The seat back indenter is decoupled from the main unit using linear bearings and can bsg
to the sedt back using a ratchet strap. This configuration minimises the influence of the seat back
response fpt the seat cushion and improves the stability of the passive dynamic dummy.

As shown in Figure B.3, the apparent mass of the passive-dynamic dummy is in good agreemen
apparent mass of the one-degree-of-freedom discrete-glement model shown in Figure B.1.

The mass|of this passive dynamic dummy is outside the range specified for the lightweight (52 kg
group and for the heavyweight (98 kg to 115 kg) group in 6.1.

When exdrcising with the moving mass 89 kg, the frame mass 5 kg, stiffness 69 070 Nm-1, and
1 390 Ngml, the apparent mass predicted with the one-degree-of-freedom discrete-element
Figure B.] is within the idealised rafige for the lightweight (52 kg to 55 kg) group, as shown in }
(left colun). With adjusted parameters (moving mass 71 kg, the frame mass 9 kg, stiffness 76 750
damping P 320 Nsm1), the apparent mass of the one-degree-of-freedom discrete-element model
the idealised range for the heavryweight (98 kg to 115 kg) group (right column of Figure B.4).

ummy on
attached
upon the

with the

to 55 kg)

damping
model in
figure B.4
Nm-1, and
is within

© IS0 2024 - All rights reserved
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/1

TR

L —7

L

a) Example of passive dynamic dummy used for = b) One-degree-of-freedom,discrete-element

sea tests model]
Key
1  moving mass 45,6 kg 3 damper, damping 1:360 Nsm1
2 spring, stiffness 45 000 Nm-! 4 frame (includinginterface indenters), mass 6,0 kg

Figure B.1 — Examples of passive dynamic dummy used forsead tests (left) and the corresponding
one-degree-of-freedom discrete-element model (right)

Dimensions in millimetres

<+ | 2

120

Key

1  hole for mounting three translational 2 channel for accelerometer heads
accelerometers

Figure B.2 — Design of a SIT-bar indenter
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80

O | | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20 f
Key
Y modulus of apparent mass, kg — passive dynami¢ dummy
[ frequency, Hz — — — one-degreerof-freedom discrete-element njodel

Figure B.3 — Apparent mass of the passive dynamic-dummy and apparent mass of the
corresponding one-degree-of-freedofiy discrete-element model
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Y1 Y1
200 . . 200
150 |- i 150
100} i 100
-~
50 [ AN - 50
N~ — ~
0 | | | — C | | |
d 5 10 15 20 f 0 5 10 15 od 1
Y2 Y2

@ 5 10 15 20 f 0 5 10 15 20 f

a) |Lightweight (52 kg to 55 kg) group b) Heavyweight (98 kg to 115 kg) group

Key
Y1 modujus of apparent mass, kg range of idealized apparent mass

Y2 phasgof apparent mass, rad — _ __ one-degree-of-freedom discrete-element model

f  frequéncy, Hz

Figure B4 — Apparent mass of the/one-degree-of-freedom discrete-element model with parameters
adjusted for the lightweight.(52 kg to 55 kg) group and heavyweight (98 kg to 115 kg) groups

More exaples of passive dghamic dummy are available in References [13] and [14] in which the stfucture of
different passive dynantic’dummies and their application for laboratory testing of seats were dem¢@nstrated.
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Annex C
(informative)

Example of active dynamic dummy

This annex provides information on an example of active dynamic dummy used for seat tests[13],

The active dynamlc dummy, shown in Flgure C 1 has a smgle mov1ng mass that lmear ball bushlngs running

on steel gha v g e. Most of
the moving mass is prov1ded by the permanent magnet of an electrodynamlc actuator The mcv1ng part
of the actpator is fixed to the top of the frame of the active dynamic dummy. The armatureof'th¢ actuator
is immobjile with respect to the frame. A linear variable differential transformer (LVDTJ) displacement
transducgr and a linear velocity transducer (LVT) are fixed between the frame and-the moving mass to
provide npotion feedback signals driving the actuator. Accelerometers are fixed to the. moving mass and to
the frame,
I
S T A
| ]
/’/ 7
2 — |
— —
11— =, H°
[ ]
o
6
Key
1  accelqrometers 5 spring
2 moving mass 6  supporting structure
3 dumnpy frame 7  actuator
4  displdcement and velécity output
Figure C.1 — Example of -active dynamic dummy used for seat tests
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