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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
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Introduction

The purpose of this part of ISO 2631 is to help in the design and evaluation of fixed-guideway passenger systems,
with regard to the impact of vibration and repetitive motions on passenger comfort. This information is required
because of the following.

leed'gulde‘ va.y VUhI\;:CO }JIUV;dU A 'JI cdlutab:c but \JUIIIP:CI\ |||u:t; G./\;O IIIUt;UII UIIV;IUIIIIICIIt that ;O A full\.’ |On Of the
guideway, vehicle and seat or berth. Passengers evaluate ride comfort not only based on motion but. al§o on their
expectationg with regard to the class of service that they have purchased. The duration of the trip\hag not been
demonstratgd to be a direct factor in predicting comfort (with the possible exception of kinetosis), but the
anticipated dquration of the trip is related to the types of activities passengers expect to accomplish whilejon board.
Passengers|on trips of more than a few minutes may expect to read, write, eat and drink; omtrips of longer duration
they will exgect to sleep. To the extent that ride-induced vibration interferes with these activities, passengers may
rate differenfly the comfort of vehicles with the same motion environment but different-expéected levels of |[service or
different trip [durations. Passengers are likely to judge comfort based on the interaction-of vibration with fagtors such
as acoustic noise, temperature, humidity, air quality and seat design.
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Mechanical vibration and shock — Evaluation of human exposure
to whole-body vibration —

Part 4:

Guidelinesfor the evaluation of the effects of vibration-and
rotatiopnal motion on passenger and crew comfort in fixed=
guideway transport systems

1 Sco

This part
mechanic
by organ
relationsh
passenge

pe

of 1SO 2631 provides guidance on the application of ISO 2631-1 to the evaluation of th
bl vibration on the comfort of passengers and crew in fixed-guideway systems. It is intende
zations which purchase, specify or use fixed-guideway Systems, to help them to ung
p between the design of the guideway as well as other features of the system and th
I's and crew. These guidelines establish methods for the“evaluation of relative comfort betws

as opposed to absolute levels of comfort.

This part
Z-axes, as
assessme
part of IS
resulting

amplitude|

Df 1ISO 2631 is applicable to people in normal fiéalth exposed to rectilinear vibration along th
well as rotational vibration about these (body-centred) axes. It is intended to provide guid
nt of comfort as a function of motions along and about vehicle axes that produce the body n
O 2631 is not applicable to high-amplitude single transients which may cause trauma, sy
rom vehicle accidents or “run-ins’>produced by “longitudinal slack action”, nor is it applica
vibration which may affect health.

For the pdrposes of this part of ISO 2631, fixed-guideway passenger systems include rail systems (he

rail), mag
types liste

This part
experienc
transition,
on comfo
forces. SU

hetically levitated (MAGLEV) systems and rubber tyre metro-type systems, as well as any o
d above that incorporate a tilt capability to compensate for lateral acceleration when traversin

of ISO 2631 providés guidance on the effects of very low-frequency accelerations (0,1 H
ed as verticalforces that may cause kinetosis. These forces may be caused by combinati
super-elevation and tilt-body technology. However, this part of ISO 2631 is not intended to g
t implications of very low-frequency accelerations (below 0,5 Hz) experienced as lateral of
ch acceterations can be generated by guideway geometry (horizontal alignment and cant).
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DfISO 2631 gives guidance on the evaluation of ride comfort based on motion environment o

V.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of 1ISO 2631. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 2631 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers of currently valid International Standards.

ISO 2631-1:1997, Mechanical vibration and shock — Evaluation of human exposure to whole-body vibration —
Part 1: General requirements.
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IEC 61260, Electroacoustics — Octave-band and fractional-octave-band filters.

3 Special considerations for fixed-guideway transport systems

Fixed-guideway systems can produce significant repetitive and/or vibratory motions that are known to affect
passenger comfort. The motions of interest are translational motion along, and rotational motion around, each of
three mutually perpendicular axes of the vehicle. There is evidence that vertical, lateral and roll motions also play
important roles in passenger comfort in rail vehicles. The influence of lateral and longitudinal motions could be most
important for passengers or crew in a standing position.

Factors incl
passenger's
results of ve
with judgem

A human Q
relationship
the vehicle

Liding acoustic noise level, visual stimuli, temperature and humidity interact with vibnati
perception of comfort. The effect of these non-motion factors should be considered when
hicle motion tests to assess comfort. As an example, acoustic noise has been foundite’be
ents of ride comfort in passenger rail cars.

ody-centred coordinate system is not always well suited for characterizing the comf
for fixed-guideway systems. Passengers may stand, sit or lie down in various orientations
body. Where practical, measurement at the seat/body interface_(can give a more

understanding of the comfort environment provided by the ride motions. Wheresmeasurements are tak

person/seat

Measureme

nterface, the guidance provided in ISO 2631-1:1997, Figure 1, on basicentric axes shall be u

Nt at the seat/body interface is the preferred method in ISO 263131 but it may not always be a

for the evall
variability r

ation of fixed-guideway systems. These measurements are ‘also problematical because of th
sulting from subjects assuming varying postures and\‘making voluntary movements.

on in the
using the
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ort/motion
relative to
complete
en at the
sed.

ppropriate
e inherent
The ride

environmenf produced by a fixed-guideway system is made up ‘of contributions from the guidewaly, vehicle

suspension,
likely to be r
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(motion sick
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described i
conducted

may also be
outcome of
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vehicle body and seats or berths. Seats and berths.dre not permanent parts of the vehicl
placed a number of times during the life of the vehicle.

e impact of measured ride motion on passenger comfort is further complicated by |
and trip duration. The length of a tripwéan vary from minutes to days; passengers can
wide variety of activities including walking, reading, writing, typing, eating, drinking or sleg
rtain motions interfere with some.‘of-these activities, but involvement in activities requir
, particularly reading or writing,».can increase the passenger's likelihood of developing
ess).

of the test vehicle's suspensions and the conditions of the track or guideway sections use
order to permit meaningful comparisons between vehicles or systems. In general, tests
ong representative Sections of straight and curved track. These sections should include the

examined. The position of the car in the train and, in some cases, the direction of travel can
he tests. Vehicles adjacent to the test car can also influence the tests. The position of the te
made-up train and the direction of travel should be recorded and reported.

e and are

bassenger
expect to
bping. Not
ng visual
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4 Motion characteristics of fixed-guideway vehicles

Motion in a f

a)

ixed-guideway vehicle is characterized by

three axes) due to imperfections in track/wheel surfaces, track alignment errors, etc.,

b)

irregularities, periodic distances between joints, staggered track, etc.,
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more or less periodic motions due to instability problems (swaying), motions in suspension, long-wave track
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quasi-static magnitudes of acceleration along both lateral and vertical axes and roll (bank) and yaw motion due

to alignment and cant (super-elevation) and quasi-static magnitudes of acceleration along the longitudinal axis

due t

d)

0 acceleration or braking of the vehicle, and

changes in curve radii with or without transition curves.

sudden motions due to large imperfections in track or switches, or changes of quasi-static levels (jerk) due to

The frequency range of motions expected to impact ride comfort significantly in conventional rail vehicles includes
0,1 Hz to 2 Hz on curve transitions (roll), 0,5 Hz to 10 Hz in the lateral and longitudinal directions, and 0,5 Hz to

20 Hz in the vertical direction.

For u|tra-’\igh-epnnrl vehicles (’)'—'\ﬂ km/h and fncfnr) and for filfing trains,—vertical-accelerations—in-the frequency

range 0,1 Hz to 0,5Hz can occur. Such low-frequency vertical accelerations can induce kinetpsis (motion

sickness)| ISO 2631-1:1997, annex D, provides guidance on a method of calculating a motion sicknesg dose value

based on [accelerations in this frequency range.

Two types of rolling motion can occur:

— relatiyely high-amplitude, very low-frequency rolling motions which happen when‘entering and leaying a super-
elevated section of curved track or guideway; and

— repetjtive side-to-side rocking motions resulting from suspension/guidewayinteractions.

For systeins that incorporate significant levels of guideway super-elevation-and/or tilt suspension mecpanisms, roll

(bank) angle and roll velocity (roll rate) should be considered in assessing the effects of motion on comfort.

Sustaineq bank angles occurring during coordinated turns ‘censiderably greater than 24° ar¢ commonly

encounteted in air travel. When such bank angles are achievedgradually and are sustained, they do 1

cause pas
from such
and retur
passenge

5 Mead

The guidsg

When the
seat/body
and have
body itsel
should ing

NOTE In
the armreg
interface.

senger discomfort. However, repeated exposure to‘the high roll rates required to reach and r|
roll angles can cause kinetosis. Such high roll rates can occur when using transition curves
N transitions). At very high speeds, transition-curves of a practical length are a potenti
I discomfort and kinetosis.

surement

contribution to comfort of the seat or berth is the primary concern, it is vital to take measure
or berth/body interface. These are the direct contact points between the vehicle structure an

f (see Table 1),“Evaluation of an overall vibration total value for a standing, seated or recun
lude measurements made at the body interfaces given in Table 1.

some situations it can be useful to take measurements for seated passengers at the headrest/neck in
t/forearm interface; similarly for recumbent passengers it can be useful to take measurements at

ot appear to
eturn quickly
(curve entry
hl source of

way, wheels, suspension, car.body structure and interior fittings (seats and berths) all contribute to the
vibration ¢xperienced by passengers(and crew.

ments at the
d the person

the function of sustaining and guiding the person and of transmitting the weight of the same to the car

bent person

erface and at
the berth/leg
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Table 1 — Body interfaces

Position Interface
Standing floor/feet
Seated seat-supporting surface
seat-back
floor/feet
Recumbent surface supporting the pelvis, back
and head
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Fixtures (seats, berths) are usually replaced a number of times during the life of the vehicle and the guideway.
Taking measurements at these interfaces may not be as useful as taking measurements on the vehicle structure,
therefore it may be more appropriate to take measurements at rigid portions of the vehicle structure, as discussed
in 1ISO 2631-1:1997, note 1 of 5.3.1. Where measurements are made at points on the car structure, the following

references s
Z-axis:
X-axis:

y-axis:

hould be used:
vertical, upwards (positive)/downwards (negative) perpendicular to the floor;
longitudinal, forwards (positive)/backwards (negative) along the direction of travel;

lateral at right angles to the direction of travel,

roll:

It is not alwa
ends of the
suffice). For
and at the m
measuring I

Measureme

guideways that have large super-elevations and give large roll (bank) angles

Roll velocity
calculated a
such filters 9

Although thq
by two vertig
by a latera

Ligft — Zright

6 Analy:

With regard
weighting cu

W for vertic@l accelerations. However, the note in C 2.2.1 of ISO 2631-1:1997 indicates that, for the asse

comfort in rg
W, is of part
some non-E

Although we
other times
factor of 0,8

rotational motion about the x-axis.

lyS correct to treat the vehicle as a rigid body. Therefore measurements should becarried ¢
vehicle and middle (the exception is motion along the x-axis for which a singleé measure
double-decker vehicles, measurements should be made on the lower deck atboth ends of th
iddle, and on the upper deck at the middle of the vehicle. Because vehicle designs vary so
cations should be recorded and reported in detail.

Nt of roll motion characteristics are only needed on vehicles that fiave roll (tilt) mechanis

(roll rate) can be measured by a rate gyroscope mounted of the floor. Roll acceleration c3
5 the time derivative of the roll velocity. Low-frequency filtering may be required; the charac
hould be reported.

preferred method is to use a rate gyroscope as:\described above, roll acceleration can be

al accelerometers mounted on the floor at thecsame longitudinal position in the vehicle but
distance d (in metres). Then the roll acceleration (in radians per square second) is
/d, where 2 is the accelerometer outputy(inymetres per square second).

5is of motions of fixed-guideway vehicles

to vertical vibration, 1SO(2631-1:1997, Table 1, provides general guidance on the cho
rve to be used under a wide variety of conditions. This table suggests the use of the weigh

il vehicles, the weighting curve designated W, is an acceptable approximation of the general
cular value in theZassessment of comfort in rail vehicles and is currently used by many Eurd
Liropean railway ecompanies.

ighting ctryes Wi and W, can sometimes provide similar results, the use of these two cury
yield substantially different results. Below 8 Hz the weighted value using W, could be sm
. above 8 Hz the weighted value using W, could be larger by a factor of 1,2. Figure 1 illug

differences etween the two frequency weighting curves. The method of calculation of W, is found in ann

ut at both
ment can
e vehicle,
videly, the

n or have

n then be
eristics of

measured
separated
given by

ce of the
ting curve
ssment of
curve W..
pean and

es can at
aller by a
trates the
ex A. The

appropriate multiplying factors are the same as those given for W in ISO 2631-1.
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Figure 1 — Frequency weighting curves for W, and W
ISO 2631{1:1997, clause 8, specifies an r.m.s.-based method{of evaluation of ride comfort. However, many railway

companie

take into account fluctuation of vibration and variation befween passengers, and they avoid sensitivity {

extremes
correspon
accelerati

considerati

On fixed-
accelerati
Extended
assessme
a dosage

NOTE 1
acceleratio
the severit

roll accelerations be-used to predict the prevalence of vomiting but to encourage and assist the reporting of data.

Transient

5 use an alternative statistical method of evaluation as described in ISO 10056. The statist

An example of the use of these statistical methods is found in reference [5]. In this
ding vibration values are characterized by using the 95 percentile of the weighted r.m.s.
bns measured at intervals of 5s overa-period of 5 min. At least four such periods shall 4
on.

bns. However, this compensation can result in the perception of low-frequency vertical a|
periods of exposure to (low-frequency vertical accelerations can result in kinetosis. Guid
nt of extended exposure to low-frequency motion is found in 1ISO 2631-1:1997, annex D, wh
method for calculating)the motion sickness dose value, MSDV,.

It has been reported that lateral and roll accelerations can contribute to kinetosis. In addition to its ug
s, the methed‘of calculation of motion sickness dose defined in ISO 2631-1:1997, annex D, can be us
of lateraland roll acceleration. It is not intended that the motion sickness dose values calculated usi

lateral accelerations are a characteristic of the ride of conventional rail systems. These

intermitter

cal methods
o0 artefactual
method the
alues of the
e taken into

juideway systems, super-elevation and vehicle tilt mechanisms are intended to compensate for lateral

ccelerations.
ance on the
ich provides

e with vertical
ed to express
ng lateral and

motions are

ht AnA ~an AnA~nir vhan Aavracoina canteh nAatnte Ay vwhan tha vyahinla'e IatAaral matinn ~anicnc o

to reach its
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suspension stops. Such transient motions are particularly disturbing to standing passengers. Some guidance on
the evaluation of transient motion is provided in 1ISO 2631-1:1997, 6.3.

NOTE 2

7 Dire

Sustained lateral accelerations occur when the vehicle traverses a horizontal curve at a speed that is higher (or
lower) than track super-elevation or combined super-elevation and compensating car body tilt. These accelerations are a
particular problem for passengers or crew engaged in walking.

ct tests of passenger comfort

Where the overall assessment of the ride comfort of a vehicle is required, it is necessary to take into account not
only the motion environment but also factors such as acoustic noise, temperature and humidity. It is also important
to consider the expected activities of the system's passengers and crew. One method of achieving this is through
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the direct recording of human responses. This method can be used if a representative test vehicle and
representative sections of test guideway are available, or if an adequate motion simulator is available.

There are a number of difficulties with such tests. Comfort assessments may provide useful information on the
global ride environment but may not provide clear insight into the contribution of ride motion. Comfort ratings will
vary somewhat between subjects exposed to the same ride segments and will even vary for the same subjects
over repetitions from day to day on the same test segments. The impact of such variations on the reliability and
validity of measurements can be alleviated by proper statistical design.

Order effects represent a particular complication when assessing the impact of motions that result in kinetosis. The
effects of very low-frequency accelerations (0,1 Hz to 0,5 Hz) are known to be strongly cumulative. To compensate
for subject yarrabitity; i adequate
number of repetitions of the test conditions. Where potential motion-induced kinetosis is anticipated, ‘g thorough
counterbalamcing of the order of exposure to the ride segments is critical. This can prove difficult on\.fixediguideway
systems begause usually there are only two practical orders of presentation. Use of simulators:to” produce these

counterbala
low-frequen

If a "within-4

ced tests is also difficult because few simulators can supply the vertical stroke reguired to si
y accelerations associated with kinetosis.

ubjects" test design (one where the subjects act as their own controls)~is“used, test subj

participate if a number of tests each with the segments presented in different orders” Because of the ¢

effect of kine

Subject resy
subjects. A
equipment g
may be redd
distinguish 8

tosis, the tests should be separated by a day or more.

onses should be collected using a relatively simple scale thats readily understandable b
bipolar scale is required because often the focus of the reSeafch is to determine if new o

ced by designing the system to have satisfactory levels<For example, a system specifier m4
system likely to be rated very comfortable from oné’rated neither comfortable nor uncom

order to det¢rmine if the marginal cost is justified. The following.bipolar scale uses terminology essential

from the uni

comfort
neither

uncomf
very un
Consistency

the set poin
briefing the

polar list of "comfort reactions to vibration environments" in accordance with ISO 2631-1:1997

very comnfortable;

hble;

comfortable nor uncomfortable;

prtable;

comfortable.

in subject responses will be enhanced by providing the subjects with ride samples represe

ts before the<tésts begin. The impact of expectations on consistency will be reduced by
subjects<«on‘the type of service being evaluated. If passengers in the system being eval

ulate the

ects must
umulative

y the test
changed

rovides ride comfort that is “as good as” the original equipment. Furthermore, the cost of the system

ly heed to
fortable in
ly derived
, C.2.3:

pntative of
carefully
uated are

expected to
during the te

carry out-activities such as eating, reading or writing, the test subjects should engage in thesg activities
sting.

Some additiomat—considerations—wittbe—a—functionof thegoats—andresourcesforeach—ndividuat—stuty. These
include the number of subjects and the conditions to be tested, the number of repeated exposures to each
condition necessary to provide adequate statistical power, and the orders and duration of exposure to each
condition. Guidance on such issues should be sought from an individual specializing in experimental design.
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Annex A
(normative)

Specification of frequency weighting W,

A.1 Parameters of the transfer function

The pararpeters of the transfer function are given in Table A.1.

Table A.1 — Parameters of the transfer function of the frequency weighting W,

Band-limiting Frequency weighting
fl f2 Ql f3 f4 f5 f6 Q4 QS QG K
Hz Hz Hz Hz Hz Hz
0,4 100 0,71 16 16 2,5 4 0,55 0;90 0,95 0,4

A.2 Transfer functions

The bandilimiting (band-pass filter) is given by:

2 4. 2:2
-4An“f
Ho(p) = - PG (A1)
[pz + %-p + 4n2f12j[p2 + %-p + 4n2f22j
The pure frequency weighting for W, is_given by:
2nf 2¢ 2
(p+2mfgh| p? + =2 p + 4n’fs s o
Qs 2n K fy° - fg
[p2+ 84.p+ 4Tc2f42J[p2 + gGB’p+ 47t2f62J 315
A

f_ areresonance frequencies with n =1 to 6;

Q, is the selectivity (resonant quality factors) with n =1, 4, 5, 6;
K is a constant gain;
H(p) is the transfer function of the filter with p = j2xf.

Values of the frequency weighting W, in one-third-octave bands, frequency band limitation included, are given in
Table A.2.
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