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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.
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Thip second edition cancels and replaces-the first edition (ISO 10326-2:2001), which has been

rev]sed.

Thg main changes are as follows

— |propositions of new excitation signals to measure seat transmissibility: a lower level of n
vibration, and measured’or reproduced real train stimuli to better consider the non-line
human-seat system;

— |propositions toyealculate the SEAT “predicted” value from the measured seat transmis
real train stimdli.

Annex B gives an example to build an excitation signal for seat testing from a trains
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5t-0f all parts in the ISO 10326 series can be found on the ISO website.

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

Although the vibration felt by passengers in railway vehicles is always of low magnitude, the fact
nevertheless remains that acceleration at the seat-buttock and seat-backrest interfaces can sometimes
be greater than excitations transmitted by the vehicle frame. Consequently, the aim of laboratory tests
to be carried out with railway seats is fundamentally to refine existing knowledge about their overall
dynamic behaviour and that of their different components: seat frame, suspension system, linings,
coverings, etc. In the long run, the knowledge should provide useful guidance in choosing the optimum
components, and for improving passenger comfort further in the process.

Laboratory tests can be performed under clearly defined and reproducible excitation conditiong, to
complement studies carried out in the field. They consequently represent an essential study. ‘method
complementary to the investigations performed in the field.

The vibrat]on at the base of railway seats is of the random, broad-band type. The spectra;ywhich are of
complex form and non-stationary, depend on the vehicle itself, on its load, on wheel profile conditipns,
on track geometry and quality, etc. In this document, therefore, it is stipulated. to” excite the geat,
occupied by a test person, by means of various types of excitation (such as pseudo-random; sinusoidal;
and realistjic, as discussed in Clause 11):

— Abroafd-band pseudo-random vibration successively in the three directions X, Y and Z. The vibration
spectrp are of sufficiently simple form and of sufficient magnitudé/to cover the majority of acfual
spectrp observed on track, whilst nevertheless remaining quite-different from the latter.

— Similar broad-band pseudo-random vibration in the three direction X, Y and Z simultaneouslfy. It
considpers the cross-axis responses (response in a direction caused by an excitation in another
direction), which represents a more realistic test condition. Also, it shortens the test duration.

— Investjgations carried out under the effect of sinugsoidal vibration can allow detection of posgible
non-lifgearities.

— Ifthe deat vibration exposure is known, spegific spectra and phase (either simulated or measufed)
can befused in the laboratory. This specificexcitation can be successively used in the three directjons
X, Yanld Z on the platform, or used simultaneously if the simulator has the abilities. The advantage
of such stimuli is the representability ‘of the actual response of the seat in its environment. As|the
seat arjd human are non-linear systems, having the right input excitation provides confidence in|the
measufred output vibration of the seat interfaces.

Calculatiors, using broad-band pseudo random excitations, are, however, truly valid only on |the
assumptioh that the humdmnsseat system considered is sufficiently linear. To check this assumption
under labojratory conditiens, this document stipulates an extra testing phase during which the seat is
excited in p purely sinusoidal, high-amplitude mode at the different frequencies encountered during
tests undef random éxcitations, and corresponding to the peaks of the frequency response function.
If the syst¢ém shows non-linearity it is advised to used input spectra and phase representative of|the
vibration exciting the seat.

As a result, The mTagnitudes Measured at the aifferent response points of The uman-seat system auring
laboratory tests, using broad-band pseudo random excitations, could under no circumstances be used
for comparison with limits or acceptable values. By contrast, it is stipulated using the measurements
to determine the frequency response function of the human-seat system at seat pan and backrest level
in the three directions X, Y and Z. These frequency response functions suffice for characterizing the
vibratory behaviour of the seat with its occupant. The directions of excitation, favourable or harmful
frequencies, and corresponding gains are thus clearly demonstrated. These inputs are relevant to a
comparison of seats with different construction arrangements.

The frequency range relevant to railway conditions is limited to 0,5 Hz to 50 Hz. Railway seats
transmit vibration with frequencies lower than 0,5 Hz without amplification. However, vibration with
frequencies of over 50 Hz, as sustained by seats in service, is generally of too small a magnitude to be
felt by seated passengers. For suspension seats, ISO 10326-1 is recommended.
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The discomfort for passengers of railway vehicles can be assessed using ISO 2631-4 or EN 12299.
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Mechanical vibration — Laboratory method for evaluating
vehicle seat vibration —

Part 2:
Application to railway vehicles
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Scope

5 document defines specifications covering laboratory tests for seats designed for pass
v in railway tractive and trailer vehicles.

bncerns tri-axial rectilinear vibration within the frequency range 0,5 Hz’to 50 Hz. It sf
it test vibration to be used at seat testing.

bngers and

ecifies the

5 document makes it possible to characterize, in the form of frequency response furictions, the

ma

ner in which vibration is transmitted to the seat occupant,It'also provides an estimat

thebehaviour of the seat in terms of dynamic comfort perceived by the seated person.
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ISO

ISO
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ISO
Par

ISO

rent types of excitations can be used and are described depending on knowledge of th
ironment encountered by the seat and the capability<of'the vibration simulator.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document” For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

2041, Mechanical vibration, shock'and condition monitoring — Vocabulary
5347 (all parts), Methods fox'the calibration of vibration and shock pick-ups
5348, Mechanical vibration and shock — Mechanical mounting of accelerometers

8041-1, Humancresponse to vibration — Measuring instrumentation — Part 1: Genej
ation meters

10326-1:2016, Mechanical vibration — Laboratory method for evaluating vehicle seat v
F 1: Basic.réquirements

13090-1, Mechanical vibration and shock — Guidance on safety aspects of tests and experl}

br showing

e vibration

Pir content
pplies. For
[s) applies.

al purpose

ibration —

ments with

peo

hle<~— Part 1: Exposure to whaole-hadv mechanical vibration and rpppnfpd shock

ISO

3

3.1

For

16063 (all parts), Methods for the calibration of vibration and shock transducers

Terms, definitions, symbols and abbreviated terms

Terms and definitions

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

3.2 Symbols and abbreviated terms

The following symbols and abbreviated terms are used in this document:

arms

Ay

w(/f)
a(t)
a(t,B,.,f)

b(t)

b(t,B,,f)

b'(¢,Be, f)

fe
Gaam

Gab(f)

|Gab (f)l
Gpp(f)

H(f)
P
PSD

Qab (.f)

root-mean-square (rms) value of acceleration, m/s2

weighted root-mean-square value of acceleration (using frequency weighting described in

ISO 2631-1), m/s?

appropriate frequency weighting for vibration discomfort (as described in ISO 26311
instantaneous value of an acceleration time history, m/s2

instantaneous value of the acceleration time history a(t), filtered in the fréquency rq

(f- Be/2) to (f+ B./2), m/s?
instantaneous value of an acceleration time history, m/s?

instantaneous value of the acceleration time history b(t), filtered in the frequency rg

(f- B./2) to (f+ B,/2), m/s?

instantaneous value of the acceleration time history§(t); filtered in the frequency ra
(f- B,/2) to (f+ B,/2), with phase shifted by 1/2, niys?

acceleration measuring point on the backrest of/a seat occupied by a subject
resolution bandwidth of a frequency analysis, Hz

real part of G, (f), (m/s%)?/Hz

displacement amplitude at a singlefrequency, m

frequency, Hz

frequency corresponding+to a peak of the frequency response function, Hz

acceleration power-auto spectral density function of the time history a(t), being the md
square value of @ecéleration per unit frequency bandwidth, (m/s%)2/Hz

cross powefspectral density function of two acceleration time histories, a(t) and b(t), b
a complex{tinction, also called acceleration cross spectral density, (m/s%)2/Hz

modulifs of G, (f), (m/s?)2/Hz

nge

nge

nge

an-

bing

an-

acceleration power auto spectral density function of the time history b(t), being the mg
[ PYAV AR

Setrare-valte-of-aceeleration-per-unitfrequeney-bandwidth(mis3<Hz

frequency response function, being a dimensionless complex function of frequency
acceleration measuring point on the test platform

power spectral density

imaginary part of G, (f), (m/s%)?/Hz

acceleration measuring point on the seat pan of the seat occupied by a subject

time, s

© IS0 2022 - All rights reserved
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duration of signal measurement and analysis, s

transmissibility (dimensionless)

and B

and Z  letters used in characterizing the direction of platform vibration at point P

function in the range 0 to 1

letters used in characterizing the direction of vibration at seat pan and backrest, points S

coherence function between the two accelerations a(t) and b(t), being a dimensionless

4

The
acc
Sys
are
the
axe

The
coo
axig
defi
not
cus

() phase of G,,,(f), being a real function, rad

following subscripts are used in this document:

direction of platform vibration, taking the values X, Y or Z
direction of vibration at points S or B, taking the values x, y-or z

root-mean-square value

subscript characterizing a parameter calculatedon the basis of frequency-weigh

subscript characterizing the location of an acceleration measuring point: S (se
B (backrest)

Direction of vibration

coordinate axes X, Y and Z for the_evaluation of human exposure to whole-body v
brdance with this document are defined in ISO 2631-1 by the orthogonal biodynamic
em shown in Figure 1. For the purposes of this document, two such basicentric coording
used, with their origins at the interface at the buttocks and the seat cushion, and at the i
back of a seated person and the backrest of the seat. Their axes are approximately par
5 shown in Figure 1.

coordinate axes for,describing rectilinear vibration of the vehicle are defined by an
Fdinate system parallel to the principal axes of the vehicle. The X-axis is parallel to the I
, the Y-axis parallel to the transverse axis and the Z-axis upwards perpendicular ta
ned by theX'and Y axes. The coordinate system for the description of the vehicle vibratio
parallel€0)the coordinate systems for the seat occupant because of practical reasons s
hion angles or actual position of the seat with respect to the longitudinal axis of the vehi

subscript denoting that the results of three consecutive tests have been averaged

ted signals

it pan) and

ibration in
coordinate
te systems
nterface of
allel to the

prthogonal
ngitudinal

the plane
h is usually
ich as seat
le.
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Key
1 seatbagkrest B (output accelerations on the backrest
2 seatpaj S output accelerations on the seat pan
3 platforin P  input accelerations from the vibrating platform
NOTE The arrows indicate the positive directions.
Figure 1 —Directions of vibration measurements
5 Charjcterization of vibration and of its transmission
5.1 Characterization of vibration
5.1.1 Geperal
Three quantities shall be used to describe the vibration, root-mean-square acceleration, accelera

power spectral density and acceleration cross spectral density.

5.1.2 Root-mean-square acceleration, a,

The root-mean-square value of the acceleration signal, a,,,

to that described by the following Formula (1):

arms =

1 1/2
B

J'OTaZ (t)dt}

[ion

shall be calculated by a method equivalent

M
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5.1.3 Acceleration power auto spectral density, G_,(f)

The acceleration power spectral density, G,,(f), shall be estimated by a method equivalent to that
described by the following Formula (2):

T
Iaz t B, f (2)

0

1
BT

Gaa (f

5.1.4 Acceleration cross spectral density, G, (f)

Thif parameter is used for connecting two acceleration signals, one a(t) or input acceleratjon for seat
excltation, the other b(t) or output acceleration response of human-seat system at a.givép interface
point. The cross power spectral density, G, (f), shall be estimated by a method eguivalpnt to that
desfribed by the following Formula (3):

Gab()=Cab()=1Qap(F)=| Gl F)] e TTOa0LS) 3)
where
1 T
Cap (f) = Ja(t. Bo. ) b(t, Be, f)dt
€0
1 T
Qu ()= [a(t.Be. ) b'(6.Be, f)dt
€0

| Gan(£) =\ C2(F)+0Q2(f);

Qap(f)

O p( f)=arctan calf)

5.2| Characterization of vibration transmission

5.2/1 General

The following parameters shall be used to characterize the transmission of vibration from thfeir input at
the|seat fastening(ppint at the floor or platform, acceleration signal a(t), up to their output gt a human-
seaf interface point, acceleration signal b(t).

5.2{2 Frequency response function, H(f)

Thip dsya’ dimensionless complex function of frequency f. It shall be calculated by means of a method
equivatentto that described by tie fotfowing Formua 4]

H(f)=Gap (f)/Gaa (f) (4)

5.2.3 Coherence function, yib( )

This is a dimensionless real function of frequency f. It shall be calculated by means of a method
equivalent to that described by the following Formula (5):

G ()

G ()G () ©)

(f)—

© IS0 2022 - All rights reserved 5
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5.2.4 Transmissibility, T

This is a real, dimensionless value defined as the ratio of the root-mean-square acceleration measured
at the human-seat interface, to the same value measured at the seat mounting plate (platform).

NOTE 1

density function.

NOTE 2

5.2.5 Weighted transmissibility, Ty,, and SEAT factor

The transmissibility is strongly dependent on the input vibration, in particular on its power spectral

For the transmissibility at the single (resonance) frequency of a seat, [ISO 10326-1 uses the symbol, T.

Ty, is the
The freque

transmissibility calculated on the basis of accelerations weighted according to ISOr263
ncy weighting curves and their tolerances shall be in accordance with ISO 8041-1,

1-1.

The SEAT [factor, defined in ISO 10326-1, indicates if dynamic comfort is improved-or“hot by|the
seat behavjiour. If SEAT > 1, the seat increases dynamic discomfort. If SEAT < 1, thé)seat attenuptes
uncomfortpble vibration. SEAT predicts the vibration discomfort on a non-rigid seat relative to|the
vibration discomfort on a rigid seat in the same vibration environment, following Fermulae (6) and |(7):
a
SEAT -5 (6)
aywp

where

a,s \eighted root-mean-square value of acceleration measured on the seat pan;

a,p Weighted root-mean-square value of accelerationnteasured on the platform.

50 ) 1/2
[ W2 () -Gss (1)df
SEAT basured = 56 ) (7)
oV () Gep (f)df

where

Gss(f) | acceleration power auto-spectral density function of the acceleration measured on the seat pan;

Gpp(f)| acceleration power-auto spectral density function of the acceleration measured on the platfqrm;

W(f) | appropriate frequency weighting for vibration discomfort (as described in ISO 2631-1).
A predictef SEAT valye:for a train seat can also be calculated from measurements of vibration |n a
train and nheasurerhents of seat transmissibility obtained using random vibration in a laboratory, uging
Formula (§):

(50 . ool 72
|_J o T U TV )UJJ
SEATpredicted = 0 12 (8)
2
UO Grr ()W df}

where

Gp(f) acceleration power auto spectral density function of the acceleration measured on the trains’

w(f)

floor at the point of interest;

appropriate frequency weighting for vibration discomfort (as described in ISO 2631-1);

© IS0 2022 - All rights rese
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H(f) frequency response function between the acceleration measured at the seat and the accel-

eration measured at the platform;

H(f) is the transfer function as defined in Formula (4) using the autospectral and crosspectral

density defined in Formulae (2) and (3).

General observations

The laboratory testlng method descrlbed in thls document calls for the use of a test bench whereby,

Poil

8

Thd
inst

For

ti-axis test bench.

e of the excited seat (point P in Figure 1) in a single or in multiple directionsyX, Y or Z,
points located at the human-seat interfaces, one point (point S) on thefseat pan, the
nt B) on the backrest. At each of these two points, responses shall be mieasured simultg

Vell as weighted transmissibilities shall be calculated.

input test vibration to be used at seat testing is specified in Clduse 11.

Measurement positions

e accelerations shall be measured in accordance with the layout in Figure 1:
three input accelerations on the vibrating platform, at point P;

three output accelerations on the seat pan\at point S;

three output accelerations on the backrest at point B.

1t P shall be located on the platfgrm less than 100 mm away from the vertical projection

Instrumentation

measuring equipment shall be in accordance with ISO 10326-1:2016, Clause 4 and Clg
rumentation in accerdance with ISO 8041-1.

as
int

efined in 15O 10326-1:2016, 4.2.3, shall be located along the centre-line of the seat
rface with the occupant’s buttocks (between the ischial tuberosities). The shape of th

ccupant, in
usly with a

if document defines the method to be used in characterizing the vibration trdnsmission from the

with up to
pther point
ineously in

three directions X, Y and Z, and the corresponding frequency response functions, transmissibilities

pf point S.

juse 5, and

measurement at point S, at the seat pan, a thin semi-rigid mounting disc containing accelerometers,

pan at the
e seat pan

bt to cause

For measurement at point B, on the backrest, the semi-rigid mounting disc shall be located along the
center-line of the backrest, at the highest contact point between the back of the subject and the seat
backrest. For practical reasons, it is usually not possible perfectly align the accelerometers in the disc
with the axes of motion of the platform. In a tolerance range within 15° of the appropriate axes, the
accelerometers may be considered as aligned parallel to the axes of interest. For deviations greater
than 15°, acceleration should be measured along two axes and the acceleration vector sum along the
axis of interest should be calculated.
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9 Safety requirements

The safety

precautions given in ISO 13090-1 shall be followed.

10 Test seats and test persons

10.1 Test

seats

The seat used for the test shall be representative of the serial productlon models. If requlred and in

accordance-w

and shall b

ad]usted to the stature and mass of the sub]ect 1f means are prov1ded for e1ther of these .

sting

When the §eat incorporates fastening devices to the vehicle, it shall be fastened to the test platform by

means of tf
fasteners

When the 5
safe and sy

When the 3
service mo
itis recom

When the $
service mo
itis recom

Preliminan
shall be pl
sinusoidal

this systenp. Their amplitude shall be adjusted to bbtain a rms acceleration of the mass of 3 m/s2.

10.2 Test]

Testing on
the seat is
of the popy

Before the
the partict
station. Fo
is recomm
postures c

lese devices, so as to ensure that the influence of stiffness and damping characteristics of
Uill be included in the test.

eat does not incorporate such fastening devices, it shall be fastened to the test platform
fficient manner.

eat has a built-in position adjusting device, the normal position defined as being that use|
st frequently by the occupant shall be laboratory-tested. If moreseat positions seem relev]
mended to conduct the test with the test persons adopting thé€ corresponding postures.

eat has a built-in position adjusting device, the normalyposition defined as being that use|
5t frequently by the occupant shall be laboratory-tested. If more seat positions seem relev
mended to conduct the test with the test persons adopting the corresponding postures.

y running-in shall be carried out in laboratoxri. To this end, an inert mass of 75 kg + 7}
aced on the seat pan at the spot defined:iny 10.2. The seat shall be subjected, for 2 H
vertical excitation with a frequency equalto the lowest among the resonance frequencie

persons

e person at a time, a minimtum' of two different persons should be used to test a seat, evd

the

in a

d in
ant,

d in
ant,

0g
, to
s of

n if

h multi-occupant seat design. It is advised to test the seat with more persons representafive

lation in terms of size.ahd height.

test, the test personrshall find a position which he/she can maintain throughout the test.

lar case of a driver's seat, the test person shall take the normal posture for his/her w
' passengers’/sé€ats offering various positions through seat pan or backrest inclination
ended totest more than one posture. Depending on the range of possible positions, 2
hin be evalvuated, for example: “normal upright”, “fully inclined backward” and when avail

“inclined f

The feet of

dprwand®.

In
ork
S, it
DI 3
hble

] hall rest fl he platf iid device ift] | i

hble

footrest. The test person’s back shall naturally rest against the backrest with the elbows resting on the
armrest, when the seat is so equipped, and the hands resting flat on the thighs.

In the specific case of a multi-seat unit, the test person shall position himself/herself at the place where
vertical seat pan accelerations under vertical excitation have the highest root-mean-square value. This
place shall be determined by preliminary tests.

The test person shall have occupied the seat for a sufficiently long time before the start of the testing.
This shall ensure deformation and possible time-related yield or creep of the seat pan materials as well
as stabilization of the temperature of seat pan and backrest accelerometers. A period of some 10 min is
frequently necessary for this purpose.
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A minimum of two test persons shall be used successively. The lighter person should be between
52,25 kg and 55 kg and the heavier person between 90 kg and 94,5 kg. In order to meet these mass
requirements, the mass of each test person may be increased by as much as 10 % by ballast carried in a
belt around the waist. It is advised to use more persons in different morphologic groups, representative
of the future users of the seat.

NOTE To measure the posture of the subjects in the seat, the guidelines indicated in ISO/TR 10687 can be
used.

11 Input test vibration

11./1 General

Thg dynamic behaviour of the human-seat system under test can be studied undeyp-the effect of two
types of vibration excitation:

— |broad-band pseudo-random vibration of specific amplitude. It can ,be)either unidirgctional or
multidirectional (X, Y, Z) excitation. It shall also be investigated sander the effect of| sinusoidal
vibration in order for possible non-linearities to be detected.

— |realisticvibration thatcan be measured or simulated, representing the excitation spectra,[magnitude
and phase of the future seat environment. It can be either uttidirectional or multidirectiopal (X, Y, Z)
excitation.

Either broadband pseudo-random vibration or more gealistic vibrations can be used as|input test
vibfation.

11.2 Pseudo-random excitation

11.2.1 Generation of the excitation signal
The excitation signal of the vibratingtable shall be of the pseudo-random type.

Thip type of excitation prevents any spectral leakage in the analysis. The spectrum can easily be shaped
so gds to excite only those frequencies in the frequency range of interest. In particular, it can|be used to
conjpensate for the frequency response of the test facility and so provide a flat spectrum[within the
frequency range of interest; as required by Formula (9) and Formula (10). Moreover, the evaJuation can
be {lerformed by averaging the results of a small number of sequences. The excitation signal shall be

formed by 18 consetutive equally long sequences, each lasting 5 s or more, depending on thq frequency
res¢lution; 5 s isthe/minimum time to satisfy the requirement for a resolution bandwidth of §,2 Hz. The
totdl durationefan excitation shall therefore be atleast 18 x 5s=90s.

The time history of each sequence of the excitation signal shall be formed by a sum of pure sinusoidal
conjporients, the number of which depends on the frequency resolution. The amplitufle of each
conjpenent shall follow from the power spectral density given by Formula (9) and Formulga (10). The
phase of each component shall be a random variable comprised between U and 21t with uniform density
probability.

Annex A shows, by way of example, a detailed flowchart of the control signal generating process.

As a simpler alternative, using a random number generator, pseudo-random excitation can also be
generated as described in 11.2.5.

©1S0 2022 - All rights reserved 9
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11.2.2 Power auto spectral density

The power auto spectral density of the excitation generating the accelerations for each of the directions

X,Yand Zs

hall be as defined by the following equations in the frequency range 0,5 Hz to 50 Hz.

G,,(f)=0,05f*(m/s*)? /Hz’ for f<1Hz

=0 ﬂ';(ml/cz)z I/H7:rnn<f for1l H7<f<'§ﬂH7

(9)

(10)

Gaa (f)

The resolu

11.2.3 Root-mean-square acceleration

The value g

11.2.4 To

When perf
measured
frequency
root-mean

11.2.5 Muylti-axis excitation

If the test
be used to
11.2.1 or by
in each of 1
high-pass :
be perforn
Cut off

Equali

of 0,8 /s2 for each axis,

Tolera
shall b
the pr¢

Three inco
same time,

fion bandwidth shall be 0,2 Hz or less.

fthe root-mean-square acceleration in the frequency range 0,5 Hz to 50 Hz shall be 0,8 m

lerances

brming the tests, the tolerances to be observed for the power speétral density of accelerat
bn the vibrating table at point P shall be at maximum *20/g"of the prescribed value at €
bver the whole frequency range 0,5 Hz to 50 Hz. The tolératice to be met is 0,16 m/s? of
square value.

bench allows using three-axis (or more) excitation simultaneously, such vibration can
measure the seat transmissibility. Pseudesrandom vibration can be generated accordin|
F using a random number generator to preduce independent 90 s random vibration excita
he three axes of excitation. To obtain-the same power spectral density described in 11.
ind low-pass filtering and equalisation to the response of the simulator in each axis sh
ed:

frequencies of the low andhigh pass filters should be respectively 0,5 Hz and 50 Hz.

cation should providea root-mean-square acceleration in the frequency range 0,5 Hz to 5

e +0,16 m/s2Tolerances at each frequency of the power spectrum density should be +20 §
pscribed yalue.

herentrandom excitations can therefore be generated in X, Y and Z direction and used af]

/s2.

ons
ach
the

hlso

g to

Fion
2.2,
uld

) Hz

hces for the rdot-mean-square value of the excitation measured on the simulator (point P)

o of

the

11.3 Sinusoidal excitation

The seat shall also be excited under pure sinusoidal conditions, at those frequencies for which the moduli
of the frequency response functions, determined during the tests under pseudo-random excitation, go
through maximum values.

Failing this, the seat shall be excited at the frequencies 1,5 Hz and 10 Hz.

Two amplitudes of acceleration shall be used successively: (0,5 + 0,1) m/s% and (1 + 0,1) m/s? (peak to

peak).

Annex A shows, by way of example, a detailed flowchart of the control signal generating process.

10
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11.4 Realistic excitation representing the dynamic environment of the tested seat

For a more realistic response of the seat, it is advised to use a more representative excitation. Compared
to a pseudo-random excitation, a realistic magnitude and spectrum provide a dynamic response of the
seat that considers its non-linear behaviour and determine which resonances are to be excited.

Realistic excitations measured or simulated in the three directions (X, Y, Z) on the floor of the train may
be used as inputs for the test bench. Measured acceleration signals should be high and low pass filtered
with cut-off frequencies respectively at 0,5 Hz and 50 Hz and equalized to consider the frequency
response of the test bench.

To det better coherence in the measured seat transmissibility, a second process is proposedland can be
usef:

— |Generate an independent 90 s random vibration excitation in each of the three axes of excitation
with a random number generator;

— |Filter the random signal generated with a filter designed from the realistic’acceleration|(measured
or simulated) using the method described in Annex B;

— |Equalize the signal to consider the frequency response of the testbench to reach the dgsired root
mean square acceleration.

Uniflirectional excitation can be used. If the test bench has,‘the abilities, multi-axis ejcitation is
preferred.

12|Parameters adopted for characterizing the vibration transmission

12.1 Pseudo-random and realistic excitations

Forleither pseudo-random or more realisti¢.excitations (unidirectional or multi-axis), the same criteria
sholild be calculated to describe the dynamic behaviour of the tested seat.

For|each of the measuring points S and B, the following parameters characterizing the trangmission of
thevibration shall be determined:

— |the frequency response-function H(f),;, (shall be given in modulus and phase every 0,2 Hz or less,
from 0,5 Hz to 50 Hz);

— |the coherence fusietion Y2(f) i1
— |the transmissibility Ty ;; and
— |the weighted transmissibility Ty, ik and the SEAT value (measured or predicted).

It may/occur that the coherence function values associated with some frequency respons¢ functions
are|relatively low. This is generally the case when the seat response accelerations as megsured in a
direction differing from that of the vibrating table excitation are occasionally quite weak. In the case
of frequencies where the coherence associated with a frequency response function is less than 0,6,
the value adopted for the frequency response function shall be nil. The calculated value, modulus and
phase, however, shall be reported in the test results.

12.2 Sinusoidal excitation

For each value f, of the frequency which, under pseudo-random excitation, produced a well-pronounced
peakin the H(f) modulus graph, two new values shall be calculated for the frequency response function
modulus H(f}), under sinusoidal excitations with amplitudes of 0,5 m/s2 and 1 m/s? respectively.

The difference between these two values of the frequency response function modulus H(f,) shall be
calculated. This difference shall be expressed as a percentage of the higher value.

©1S0 2022 - All rights reserved 11
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A difference in excess of 30 % can be held as signifying non-linear behaviour for the frequency

concerned

and for the response and excitation directions involved.

13 Test procedure

13.1 Initi

al procedure

The seat shall be mounted on the test platform, run-in and adapted to the test person. The inclination of
the seat transducers shall be adjusted to coincide with the directions given in Figure 1.

The comp
Accelerom
of ISO 534
recommen

13.2 Test]

The first t
repeated f(

The tests
simultaned

The excita
The corres
frequency
arithmetic
coherence

and shall b

The secongd
new test se

13.3 Test
The sinuso

Each tests
tests do nd
final result

If the test
realistic ex

bnents of the measuring chain shall be selected, placed into position and connec
bters shall be calibrated in accordance with the specifications given in the relative p
7 and ISO 16063, and shall be mounted, especially at point P, in accordance|with
Hations given in ISO 5348.

s under pseudo-random and realistic excitations

st person shall position himself/herself on the seat. The followifng)procedure shoulc
r each seat position to be evaluated.

shall be carried out under X, Y and Z directions of exeitation, either successively
usly.

ion for a given direction shall be in conformity withithe specifications given in Clause
ponding test shall last 90 s at a minimum. Each test shall be repeated until the moduli of
response functions from three consecutive tests“do not differ more than +5 % of t
mean over the whole frequency range 0,5 Hz.to-'50 Hz. The frequency response functi
functions and transmissibilities averaged oyer these three tests constitute the final res

e expressed in the form H,(f) i1 yg(f)mk and Tpeqik-

ries shall be carried out in accordance with the specifications described above.

s under sinusoidal excitation
idal excitations in accorddnce with 11.3 shall be applied.

hall be repeated until the moduli of the frequency response functions from three consecu
t differ more thaf +5 % of their arithmetic mean. The mean values obtained constitute
s and shall be.éxpressed as frequency response function modulus Hy(f,) k-

showed<noh-linear behaviour of the seat-person system, it is recommended to use
citation signals, as described in 11.4, than pseudo-random vibration.

ted.
hrts
the

be

or

[ 11.
the
heir
bNs,
ults

test person and the potential following persons shall position themselves on the seat and a

tive

the

ore

14 Test

eport

14.1 Seat

The devices for mounting the seat and fastening it to the test platform shall be accurately described.

The measu

ring points on the seat pan and the backrest shall be stated in detail.

An indication of the state of the seat, basically if its new or used in transport should be described, as
test results may depend on the age of the seat and its maintenance.

14.2 Test

persons

The mass, height, gender and age of each of the two subjects shall be indicated.

12
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place occupied during tests shall be reported in the case when a multi-seat unit is used.

The position of the seat should also be described (upward, backrest fully inclined backward, backrest
frontward).

14.3 Measuring chain

The measuring chain shall be described in accordance with the requirements given in [SO 10326-1.

14..4 Results

Thd
The

Eac
sha
0,5

Thd
Thd

valiies used for calculating them.

Thd

test results shall be presented in accordance with the following specifications.
results of tests under pseudo-random excitation shall be presented in numerical’and gr4

h frequency response function modulus, frequency response function phase-and coheren

phic form.

re function

1 be described by a set of values, each of which being associated with a freguency varying between

Hz and 50 Hz by steps of 0,2 Hz or less.
graphs shall be presented in accordance with Figure 2.

transmissibility and SEAT values shall be reported as well asjthe root-mean-square a

results of tests under sinusoidal excitation shall be presénted in accordance with Table

cceleration

==
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Longitudinal pseudo-random excitation (X-direction)
Test person No.1 Mass: 55kg Height: 1,66 m Gender: female Age: 32 years

Figure 2 — Results from testing under pseudo-random excitation (general example)
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Table 1 — Results from testing under sinusoidal excitation (general example)

Frequency response modulus at frequency f. (which results from testing under pseudo-random excitation) 2

5 Hz 36 Hz
HsSXX
With sinusoidal excitation amplitude 0,5 m/s?2 1,38 1,59
With sinusoidal excitation amplitude 1 m/s?2 1,07 1,55
Difference as percentage of the highest value, % 22 3
HsSXy
With sinusoidal excitation amplitude 0,5 m/s? 0,24 D,25
With sinusoidal excitation amplitude 1 m/s?2 0,23 D,21
Difference as percentage of the highest value, % 4 16
HSS Kz
With sinusoidal excitation amplitude 0,5 m/s?2 1,13 0,78
With sinusoidal excitation amplitude 1 m/s?2 1,0% D,67
Difference as percentage of the highest value, % 8 14
HSBB(X
With sinusoidal excitation amplitude 0,5 m/s? 2,02 1,64
With sinusoidal excitation amplitude 1 m/s? 2,39 1,84
Difference as percentage of the highest value, % 15 4
HSB Ky
Wit sinusoidal excitation amplitude 0,5 m/s?2 0,055 0,12
With sinusoidal excitation amplitude 1 m/s? 0,050 0,13
Difference as percentage of the highest value, % 9 8
HsB Kz
With sinusoidal excitation amplitude 0,5 my/s? 0,53 1,78
Wit sinusoidal excitation amplitude 1 mjs?2 0,46 1,99
Difference as percentage of the highest value, % 13 11
a  |Longitudinal sinusoidal excitation (X-direction).
Testperson No.1 Mass: 55 kg “Height: 1,66 m Gender: female Age: 32 years
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Annex A
(informative)

Example of excitation generating process

A.1 General
This annex gives examples of the methods that may be used in generating command signals to-the fest-
machine agtuators.
The follow|ng two excitation methods are used:
— pseud¢-random excitation;
— sinusojdal excitation at only those resonance frequencies which appear during tests with pseydo-

randomn excitation.
A.2 Psetido-random excitation
This excitation shall be the sum of pure, randomly phase-shifted sinusoidal excitations.
If the resolption bandwidth B, is 0,2 Hz, the excitation may-.egver the frequency range 0,4 Hz to 50 Hz.
The excitation spectrum is therefore made up of (50 Hz=0,4 Hz)/0,2 Hz + 1 = 249 lines.
This docurpent defines the excitation by its acceleration power spectral density G,,(f), see 11.2.
A displacenent signal is generally used to control the test machine. If in the amplitude spectrum of
this displagement (with frequency resolutign,B,) the line at frequency fhas a displacement amplitude d,
then the cqrresponding acceleration power spectral density, G,,(f), has the following value, as sh¢wn
in Formulal (A.1):

Goa (f]=d?8n" f* /B, (h.1)
Consequently, d follows fronDFormula (A.2):

2
g= 9 Be Gasl L) h2)
4 7 f

where G,,(|f)-is\as given by Formula (9) and Formula (10).

The test may be performed on the basis of the flowchart shown in Figure A.1.

16
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Generation of a digital time signal
from an excitation spectrum (5s)

Digital-analogue conversion (control signal)

Acquisition of measurement signals

PSD calculation of the reference signal
(on vibrating table)

PSD_desired

Calculation of 5" =020

Correction of excitation spectrum

No Tolerances Yes

observed?

18-blocks
used?

of test

Acquisition of useful
measurement signals

Storage-pending
mean value

End

Figure A.1 — Flowchart for test procedure with pseudo-random excitation
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A.3 Sinusoidal excitation

Each test may be carried out according to the flowchart shown in Figure A.2.

Block containing the
spectrum line corresponding
to the excitation frequency

Sinusoidal transformation

Digital-analogue conversion
(control signal)

Acquisition of measurement signals

No Tolerances Yes
observed?

Storage of
measurement signals

Correction of excitation

End
of test

Figure A.2 — Flowchart for test procedure with sinusoidal excitation
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Annex B
(informative)

Realistic vibration excitation for seat testing

B.1 General
J—enRelrat

Thif annex describes a method to generate excitation signals to perform seat testing from/njeasured or
simpulated train floor excitation.

Becpuse the seat-person system may be highly nonlinear, the transmissibility and(SEAT valug¢s obtained
may depend on the excitation signal used. To obtain representative results, it-is' recommerjded to use
morte realistic excitations.

Thevibration encountered by the seat depends on many parameters: type-of trains, speed, qyality of the
tragks. If measurement or simulation of the train’s floor acceleration are known in the three|directions,
X, Y]and Z, they can be used to generate excitation inputs for the tesbbench.

Therelevant train’s floor accelerations measured or simulated\can be used as excitation sigrjals. If used
in a|direct approach, acceleration should be high and low passed filtered at 0,5 Hz and 50 Hz r¢spectively
and| calibrated to consider the frequency response of the:test bench (see Figure B.1).

Thif annex proposes another method to generate ex¢itation signals, which provides better cqherency in
theseat transmissibility. This method includes thedesign of filters following the spectrum of the train’s
flogr acceleration.
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B.2 Design filters from the measured or simulated train floor acceleration

Once the relevant train’s floor accelerations are provided in the three directions X, Y and Z from
measurements or simulations, filters can be designed from their spectrum. A random signal can be
generated and filtered with the designed filter so the spectrum on the measured acceleration and the
filterd random signal have the same spectrum. Using the filtered signal as an excitation input for the
simulator will allow better coherency for the seat transmissibility.

The variou|
measured

Measured

Figure B.1
Correspong
load ('Acc]
£1

£l
fl

accX
accY
acciz

fs 400;

bandpass
accXf]
accYf]
acczf]

[
[
[ —
1=length (4
t=linspacy

figure (1)
subplot (3
plot(t,ac
ylabel ('X{
title ('Ba

subplot (3
plot (t,ac
ylabel ('Y

subplot (3
plot (t,ac
xlabel ('T1
ylabel ('Z{

S steps are described below and illustrated with the corresponding Matlab code applied
‘rain floor acceleration.

accelerations
shows the bandpass-filtered time-domain acceleration in the X-, Y- and Z-axes:

ing Matlab code:
ata');%load the measured data file

or acceleration X;
or acceleration Y;
or_acceleration Z;

$sampling rate used for data acquisition

filtering at 0,5 Hz (High Pass) and at 50 Hzs (Low Pass)
bandpass (accX, [0.5 50],fs);
bandpass (accY, [0.5 50],fs);
bandpass (accZ, [0.5 50],fs);
ccXf);

(OI 9071);

1,1)
Xf)

axis')

dpass filtered measuredacceleration [m.s-2]")
1,2)

Yf)

axis'")

1,3)

Zf)

me [s]d9
axis'y

to a
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