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Foreword

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

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Drivers, staff and passengers of vehicles (land, air or water) and mobile machinery are exposed
to mechanical vibration which interferes with their comfort, working efficiency and, in some
circumstances, safety and health. Such vehicles and mobile machines are often fitted with seats that are
designed and made in accordance with current state-of-the-art with regard to their capacity to control
or reduce transmitted whole-body vibration.

To assist in the development of such seats, specific test codes have been, or are being, produced to
evaluate the performance of seats. The following basic requirements have therefore been developed
to dive guidance for the specification of laboratory testing of vibration transmission through a vehicle
seaf to the occupant and for the evaluation of the ability of a seat to control the shock arising|from over-
trayel of the suspension.

The seat constitutes the last stage of suspension before the driver. To be efficient at attefjuating the
vibration, the suspension seat should be chosen according to the dynamic characteristics of the vehicle.
Anyf performance criteria provided should be set in accordance with what is attainable using pest design
pragtice. Such criteria do not necessarily ensure the complete protection of the operator against risks
ass¢ciated with exposure to vibration and shock which are generally helieved to be risk of sginal injury.

© ISO 2016 - All rights reserved v
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Mechanical vibration — Laboratory method for evaluating
vehicle seat vibration —

Part 1:
Basic requirements
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5 document specifies basic requirements for the laboratory testing of vibration tr

pmpare test results from different laboratories for equivalent seats.

way to report the test result.

5 document applies to specific laboratory seat tests which evaluate vibration transmis
ipants of any type of seat used in vehicles and mobile off-road machinery.

lication standards for specific vehicles refer to this document when defining the test inpt
is typical for the vibration characteristics of the type-or class of vehicle or machinery iy
is to be fitted.

E Examples of application standards are given‘in the bibliography.
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Terms and definitions

No terms and definitions are listed in this document.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:
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4 General

The measurement and assessment methods given in this document comply with the present practice
standardized in ISO 2631-1. The measuring equipment and the frequency weightings shall be in
accordance with ISO 8041.

The primary test for the vibration characteristics of the seat involves measurements under conditions
which simulate the range of actual uses of a vehicle or machine. For applications where occasional
severe shocks or transient vibration can be expected (and in particular for seats whose suspension
travel is short, such as those intended for use on industrial trucks or off-road vehicles), in addition to

the dampi
specific st3
for assessi
occurs. Th

5 Instry
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The charag
acquisition
standard, ¢

g test, a secondary test is required to ensure that the seat responds acceptably. Machin

ary-

indards shall give guidance on the need for this secondary test which comprises a met
hg the accelerations associated with impact with the suspension end-stops when oyverstr
e test is described in Annex A.

imentation

leration transducers

ring systems selected for the evaluation of vibration at the seatimounting base or platf
ation simulator and that selected for the evaluation of vibration transmitted to the
br to an inert mass when used, shall have similar characteristics.

teristics of the vibration measuring system, accelerdineters, signal conditioning and (

specially the dynamic range, sensitivity, accuragydinearity and overload capacity.

5.2 Tranpsducer mounting
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htion transmission to the seat: The other accelerometer(s) shall be located at the inter
e human body and the seatjat either the seat pan (S) and/or the backrest (B) (see Figurd

equipment, including recording devices, shall be\specified in the relevant applica
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Dimensions in
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diameter of 250 mm #* 50 (mim. The disc shall be as thin as possible (see Figure 2). The h

not
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The
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Figure 1 — Location of the accelerometers on the platform (P), on the seat pan (S) ar

backrest (B)

2 Transducer mounting on the platform

[red directly below the seat accelerometer(s). The measuring directions shall be aligned
movement of the platform.

3 Transducer mounting on the seat pan and/or backrest

accelerometers on the seat'pan shall be attached in the centre of a mounting disc W
be more than 12 mm. This semi-rigid mounting disc of approximately 80 durom

e the accelerometers. The accelerometers shall be attached to a thin metal disc with a t
Imm * 0,2 mmyand a diameter of 75 mm + 5 mm.

mountingydisc shall be placed on the surface of the seat pan and taped to the cushion in
the accelerometers are located midway between the ischial tuberosities of the seat occu
ranceto be defined in the relevant application standards. Alternative positioning of the ¢

d on the

accelerometer(s) on the platform shall be“located within a circle with a diameter ¢f 200 mm

parallel to

rith a total
eight shall
eter to 90

pmeter units (A-scale) moulded rubber or plastics material shall have a centre cavity in which to

hickness of

such a way
bant with a
lisc may be

mmended for certain applications. Any variation from the position here defined shall b

e specified

ina

pplication standards.

When tests are performed without a person sitting on the seat, e.g. during damping tests, the disc shall
be placed in the same position as if a person were seated in the seat.

If measurements are made on the backrest, the accelerometers shall be (horizontally) located in the
vertical longitudinal plane through the centre-line of the seat. The relevant application standards shall
specify the vertical position of the accelerometers. The measurement axes shall be aligned parallel to

the

basicentric coordinate system.

Besides the semi-rigid mounting disc recommended for soft or highly contoured cushions, a rigid disc
with a generally flat surface or an individual-form design may be used. Such discs may be, for instance,
required for testing rail vehicle passenger seats. The transducer mounting should be made of low-mass

©IS
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materials, so that the resonant frequency of the mounting is at least four times the highest frequency
specified for the test.

For practical reasons, it is usually not possible to align perfectly 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.

Dimensions in millimetres

1 2
)
®15 5

$250 £50

Key
1  thin mdtal disc for accelerometer mount and added centre rigidity

2 appropfiate cavity for accelerometer(s)

Figure 2 — Semi-rigid mounting disc

5.3 Frequency weighting

Frequency|weighting shall be in accordance with 1SO 8041.

5.4 Calibration

The instrumentation shall be calibratédiin accordance with ISO 16063-1 and, depending on the type of
measuring[system used, to the relevant part of ISO 5347 or ISO 16063.

It is recommended to check the'whole measuring chain following the specifications given in ISO 8041.
Calibration] shall be madebefore and after each test series.

Where nedessary, the-output from each accelerometer amplifier shall be zeroed after mounting|the
acceleromgters in the)test position.

6 Vibration equipment

6.1 Physical characteristics

The minimum equipment required is a vibrator capable of driving the platform in the vertical and/or
horizontal directions. Application standards may define situations where it is appropriate to turn the
seat by 90° on the platform to account for excitations in x- and y-axis (as opposed to a combined axes
excitation). The dynamic response of the exciter shall be capable of exciting the seat with the seated
test person and additional equipment, in accordance with the specified test input vibration.

Attributes of performance to be specified include frequency range and displacement capability in each
of the required directions.

4 © IS0 2016 - All rights reserved
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Application standards shall specify the lowest acceptable resonance frequency of the platform, the
acceptable cross-axis motion of the platform and the frequency range for which this applies.

Application standards shall specify requirements for test stand dimensions and equipment to ensure
that these are adequate for each particular application.

It has been observed that the use of certain equipment (e.g. a steering wheel, pedals, etc.) may lower the
repeatability of the results.

6.2 Control system

that the power spectral density (PSD) and the probability density function (PDF) of the arceleration

Thd frequency response characteristics of the vibration test system shall be compensated f:E to ensure
specified

amplitudes of the vibration at the seat mounting base comply with the requirements of t
test input vibration.

7 |Safety requirements

Thd guidance on safety requirements with regard to tests in which people are exposed to jnechanical
vibration and repeated shock as given in ISO 13090-1 shall be followed:

Sperific safety requirements shall be considered when the_felevant application standafgd is being
devgloped.

8 |Test conditions
8.1 Test seat

8.1]1 General

The seat to be tested shall be representative of actual or intended production models with regard to
desjgn, construction, mechanical and geometrical characteristics, and any other factors which may
affect the vibration test results.

The performance may varybetween seats of the same type. Therefore, it is recommended tp test more
thah one seat.

8.1)2 Run-in periods for suspension seats

Suspension seats require a run-in period prior to exposure to vibration in order to free the moving
parfs of theSuspension. This period shall be long enough for the seat performance to stabilize.

Anyf required air, hydraulic or electric power shall be supplied to the seat at the pressure angl flow rate,
or yoltage, recommended by the seat manufacturer and shall be connected to the seat in the manner
recOmmended by the seat manutacturer. 1 ne test seat siall be toaded with an inertmass ot 75 kg+1 %
placed on the seat cushion, and the seat shall be adjusted according to the manufacturer’s instructions
for a nominal value of 100 kg operator mass.

NOTE A suitable inert mass consists of lead shot. The lead shot can be contained within thin cushions which
are sewn so as to form a quilt. About 10 such cushions are sufficient to obtain a 75 kg mass.

During the run-in period, the test seat shall be excited by a sinusoidal input vibration at approximately
the natural frequency of the suspension. The amplitude of the applied sinusoidal vibration shall be 75 %
of the full amplitude of the seat suspension.

The damper may overheat during the run-in period. Therefore, use an automatic shutdown and monitor
the temperature of the damper.

© IS0 2016 - All rights reserved 5
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If additional vibration tests in the horizontal direction are planned, the run-in procedure shall be
followed under the same conditions separately for each direction.

Deviations from this run-in method for the seat suspension may be specified in relevant application
standards for individual seat tests.

8.1.3 Measurement of suspension travel and adjustment to weight of test person

Differences in the setting of ride height when testing suspended seats can have significant effects
on test results. Therefore, the test standard should include guidance on how the height should be

adjusted, s

1ch as

with s
by the
travel,
stroke

with s
orbyt

Determina

suspensiory, as follows.

a)

b)

For su

The upper end of travel should be determined with no loadwen the seat, and with the suspen$
weight adjustment set approximately to suit the heavy test person (e.g. 100 kg).

The lower end of travel, including compression of the Jower bump stop, should be determined v

a load

test pgrson (e.g. 55 kg).

For syspensions with automatic weightadjustment, which usually are air suspensions,

follow

To det

test pgrson sitting on the seat, thetheight should be adjusted to mid-ride (in cases where the he

adjust

test pdrson rises from the seatvery quickly, so that the suspension is compressed into the uj

end-st

means|the mid-point of the working stroke.

To det¢rmine the lower end of travel, first exhaust the suspension completely so that the suspen$

is just

into cqntact with the end-stop. Then, compress the suspension further with a force of 1 000 N
load wiith a mass of 100 kg). This lowest position gives the lower end of travel.

For a suspension that cannot be measured in this way. an alternative method that has the s

bats where the suspension stroke available is affected by the adjustment of the seat heigh
test person weight, including where the height adjustment is integrated into the suspen
testing shall be performed in the lowest position that provides the full working.suspen
as specified by the seat manufacturer, and

bats where the suspension stroke available is unaffected by the adjustmentof the seat he
est person weight, testing shall be performed with the seat adjusted tg the centre of stro

kion of the ride position requires location of the upper and the lower ends of travel for

bpensions with manual weight adjustment, the following procedure is recommended.

of 1 500 N, and with the suspension weight'adjustment set approximately to suit the |

ng procedure is recommended.

brmine the upper end of travel;, a dynamic test is needed. Starting with a heavy (e.g. 100
ment is integrated intothe’/suspension travel, adjust to the upmost mid-ride position).

bp. The highest position measured gives the upper end of travel. In this context, mid-

resting on, the lower end-stop. If necessary, add weight to the seat to bring the suspen

tor
bion
bion

ght
e.

the

—

on

vith
ght

the

kg)
ght
The
per
Fide

—

on
bion
(or

hme

basic objectives should be devised.

The following information should be included in the report:

full working stroke (as given by the manufacturer);

measured working stroke (suspension without integral height adjustment) or full measured
suspension travel (suspension with integral height adjustment);

position used during the vibration test (distance above lower end of travel);

available height adjustment (suspension with integral height adjustment) being the full measured
suspension travel less the working stroke as specified by the manufacturer.
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NOTE1 Use of a continuous visual indication of ride height position for the test controller or engineer can aid
reproducibility by enabling any variations in ride height to be corrected, e.g. resulting from changing damper
temperature. Such indications can be electrical or mechanical. It is also necessary for determining the upper end
of travel for a suspension with automatic weight adjustment.

NOTE 2  Use of a brief burst of sinusoidal vibration, coupled with visual indication of ride height, can help to
reduce the error in setting ride height that can be introduced by friction, particularly in suspensions with low
spring rates.

8.1.4 Inclination of backrest

Wh
bac

FT the Inclination of the backrestis adjustable, it shall be set approximately upright, incliped slightly
kwards (if possible: 10° + 5°).

8.2| Test persons and posture

be used for
ses of the
all be low,

lication standards for suspended seats shall specify the masses of two testipersons to
test. These masses will normally be based on the 5th and the 95th.percentile ma
ulation of vehicle or machinery users for which the seat is intended. The tolerance sk

Apq
the
pop

I 0
referabl
p y 59

0

of the required mass for the low-mass test person. Ferthe heavy test person, a greater

0
tolgrance is permissible, up to of the required mass.

0

Wh

med
med

con

of 9

75
hea

In d

flat

breas existing test standards for suspension seats specify test persons by total cloth
isured standing, reproducibility of test results might be improved by specifying sitt
isured as below. Some test standards for suspension seats (e.g. ISO 5007, ISO 7096,

Kistently specify light persons with total mass 052 kg to 55 kg, and heavy persons with
8 kg to 103 kg. Specification by sitting weight, based on the approximate assumption

o of total weight, would thus become 39 kg'to 41 kg for the light person and 74 kg to 77
vy person.

rder to check the sitting weight, the'test person should sit in an erect upright posture

ed weight,
ng weight,
EN 13490)
total mass
that this is
kg for the

on a hard,

seat with no backrest on the weighing platform, with feet and legs supported sep

ately, and

han
thid
ver

ds resting on top of the thighs, There should be no contact between the seat and the fthighs. For
measurement, the upper lggishould be approximately horizontal and the lower leg approximately
ical. The value weighed-should be that supported by the test person’s ischial tuberositie§.

Test persons should beweighed immediately before each continuous series of test runs.

To neet the required’mass of the test persons, added masses may be used. Where this is allowed, and
to did reproducibility, these should be in the form of inert discs (or sheets) placed betwegn the seat
cushion and the-test person. The mounting disc should be placed under the added mass bgtween the
added mass.and the seat cushion. The added mass should be no more than 5 kg for a light test person,
and no mere than 8 kg for a heavy test person. The use of added masses and other optional gossibilities
(sugh.asicarrying out the test with only one test person) should be dealt with in application §tandards.

Laboratories are encouraged to gather data to correlate the sitting and standing weights of their test
persons.

The application standards shall also define a posture appropriate to the application. This could include
some relationship between seat height and longitudinal footrest position, absence or presence of a
steering wheel (and its position), and some guidance as to how the correct posture can be ensured,
e.g. by measurement of certain limb or joint angles. An example of a suitable posture for testing of
suspension seats is shown in Figure 3.

In the testing of suspension seats, vibration at the test person’s feet can contribute to the acceleration
measured on the seat cushion. It is necessary to minimize this consistently. Therefore, the height of
the feet support should be adjusted so that, when the seat height position is set to the position to be
used for the tests (usually mid-ride), there is no pressure between the front of the seat cushion and the

© ISO 2016 - All rights reserved
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thighs of the test person. This may be confirmed subjectively, or by simple means such as sliding a piece
of paper between the cushion and the thighs.

NOTE It is usually more convenient to set the foot position after first setting the mid-ride height of the
suspension.

The test persons shall be trained in preliminary tests until they have become accustomed to maintaining
a normal, inactive behaviour and posture with respect to the seat throughout the test.

m :

seat bagkrest
seat pah
accelerpmeter disc/on the seat pan (S)
seat sugpension

platforlln
accelerometer on the platform (P)

N O U AW e

base of the seat

Figure 3 — Suitable posture for testing suspension seats

8.3 Other possibilities

In order to avoid the exposure of human beings to testing, it may in future application standards be
possible to recommend other solutions.

8 © IS0 2016 - All rights reserved
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9 Testinput vibration

9.1 General

The application standards shall specify one or more dynamic tests, designed to ensure that a seat is
suitable for the intended purpose. As a minimum, there shall be a test using an input representative of
severe but not abnormal use, in the course of which the vibration transmitted to the interface between
the seat and the operator is measured, as the basic performance parameter of the seat.

In order to spec1fy the transmlssmn Characterlstlcs of seats w1th regard to dlfferent 1nput frequencies
. 3 s—foam seats in

senger cars) an alternatlve method is recommended in 9.4 for the determlnatlon of®
Ction for the relevant frequency range with a sinusoidal vibration input.

seats with suspension systems used in off-road machinery, there should be a test of the ef
he suspension damper in controlling occasional large-amplitude vibrationsot‘shocks. Th
the[form of a sinusoidal test to determine the maximum response of the seat.aba frequency
respnant frequency when carrying a simple load equivalent to an average operator (e.g. the
as specified in 8.1.2).

In sjome cases, such as suspensions with short travel as used on industrial trucks or off-rog
a fyrther test may be needed to ensure that, under conditions ‘of excessive suspension
suspension end-stops are so constructed as to keep the resulting shock acceleration at an
levgl. Annex A contains the specification for such a test which may be specified in more ¢
appllication standard (type-C standard) if needed.

9.2 Simulated input vibration test

The simulated input test vibration shall be specified in accordance with the vehicle or
grolips defined either by the acceleration power spectral density function or by the time hi
actyial and representative signal.

Wh
des
whi
filte
defi

en the input vibration is defined-by~PSD, the relevant application standard should give t
ch should be those of a lowspass filter and a high-pass filter (the pair constituting a

ned.

When the input vibration is defined by a time history, the application standard shall specify {
of measured (calculated) points, frequency and amplitude spacing and the sampling rate.

A tdlerance ongthiis level shall also be specified when the input vibration is defined by a time

The
test

probability density function of the random vibration at the mounting base of the seat
may be required in application standards.

bhath fynac of 1ot vt accalaration An +h

Cribing the PSD and its tolerance” The equation for the PSD may be in the form of filtef

ne transfer

Fectiveness
is can take
close to its
inert mass

1d vehicles,
travel, the
acceptable
etail in an

machinery
story of an

he formula
formulae,
band-pass

r), both of the Butterworthtype. The cut-off frequencies and the slopes of the filters shall be clearly

he number

history.

during the

tha raqiiiend o
¥

Forlbeth-types-ef-nputribrationthe required

awp, shall be specified in application standards.

TCCCTICT O tIoOTT Ot tIt

platform,

NOTE1 Annex B shows an example of a simulated input test vibration defined by the power spectral
density (PSD).
NOTE 2 Interlaboratory differences might be reduced through sharing input signals generated at one

“reference” laboratory. Application standards can include the definition of such reference signals in annexes.
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9.3 Tolerances on input vibration

To aid reproducibility in testing suspended seats, application standards should specify tolerances on
input vibration in accordance with the following.

a) r.m.s. values: A tolerance should be defined for r.m.s. accelerations for the overall test signal
(broadband) measured between set frequencies (f1 and f; see Annex B) and for that associated
with the dominant spectral peak (f3 to f4). Experience with existing test standards has shown that

+5 % of the target r.m.s. values is generally achievable.

b) amplitude distribution function: For simulated input test vibrations that are intended to have
a Gaugsian, or normal, amplitude distribution the following specification has been found-td be

practi¢able.

lata
m.s.
fion
the

Under
points
accelet
betwe
total tj

the condition that the acceleration on the platform shall be sampled at a minimum.ef 50 ¢
per second, and analyzed into amplitude cells of not greater than 20 % of the total true r.
ation, the probability density function shall be within £20 % of the ideal GausSsian func
bn 200 % of the total true r.m.s. acceleration, and with no data exceeding +450 % of]
ue r.m.s. acceleration.

powel| spectral density: Providing that the combination of sample tinie’(duration of single fest

measufrement), Ts and resolution bandwidth, B, is as given in Formula.(1):

2B.Ts > 140 @8]
The

ple,

1d be possible to maintain the PSD function within*®10 % of the desired target curve.
| target value has to be specified in the application standard, which can be, for examn
f the maximum value of the target PSD.

it shou
desire
10%d

NOTE !
vibration si

ower spectral density estimates can vary, depénding on how they are calculated. For typical ipput
bnals, the following parameters have been feund to be suitable:

sampling rate: 200 Hz (At = 0,005 s);

— block lgngth: 512 samples (Af= 0,391 Hz, and therefore 2BT = 140 for 180 s record);
— windoy: Hanning, applied in the time domain so that an overlap of 50 % gives the same weight to ¢ach
time sample.

For calculgting the r.m.s. values, as in 9.3 a), the frequencies f1, f2, f3 and f4 should be chosen to allow

ock

simple inte
length of 2

9.4 Transfer function with sinusoidal vibration input

The vibrat
vibration 1

rpolation of the pawer spectral density estimates. Alternatively, a re-analysis using a b
048 samples (Af,~'0,1 Hz) might provide sufficiently precise frequency range limits.

onransfer function test shall be carried out with two persons, as specified in 8.2. Iy
hagnitude and phase versus frequency, frequency spacing, transient time and duratio

put
h of

: : : L. 1 111 e ls 1 1o - | a |
vibration i putpertrequency stepsharrvespeciea rappicatonrstanaards:

9.5 Damping test

9.5.1 Suspension seats

Application standards shall specify the characteristics of either a sinusoidal vibration or a random
vibration to be used to assess the damping of suspension seats. The sine-wave test shall be conducted
at the resonance frequency of the seat suspension. This resonance frequency shall be determined by
exciting the seat in the frequency range from 0,5 to 2,0 times the expected resonance frequency. The
total displacement for both the damping test and the determination of the resonance frequency shall
be 40 % of the full travel available or 50 mm, whichever is the smaller. All measurements shall be made
with an inert mass (see 8.1.2, Note) of 75 kg + 0,75 kg on the seat, adjusted in accordance with 8.1.3.
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For suspensions fitted with active damping, it is possible that this test is not appropriate. In such cases,
the test mass or the input excitation can be reduced. A mass of 60 kg has been found to be appropriate.

9.5.2 Other seats

Application standards may specify damping tests for non-suspension seats in a manner similar to that
described above, with appropriate modifications.

10

Test procedure

10

Mount the seat to be tested on the platform of the vibration simulator, in accordance-with th

test
test

10.

10.
inp

Thd
tob

Rep

J1 General

2 Simulated input vibration test

4
It vibration.

e specified

seat arrangement. Check the safety requirements and calibrate the instruments. Prior to the damping

and simulated input vibration test, carry out the run-in procedure on the test|seat (see 8.1

.1 Position a test person in the seat. Operate the vibration simulator to produce the appr

.2).

hpriate test

testinput vibration, during each test run, shall be continous to provide an analysing timg sufficient

e specified in application standards.

eat the test to obtain three consecutive test runs.inwhich the frequency-weighted rm.s. a

cceleration

valyes, ay, measured at the seat are within +5 % of their arithmetic mean. Record this arithimetic mean

ast

For
tole
sha

It hi
rep
of n
see

10.
obt

recorded values as given in Formula (2):

he frequency-weighted r.m.s. acceleration atthe seat, ays.

the tests described above, the vibration,at the platform during each test shall be with
rances mentioned in 9.2. The arithmetic mean of the three test values measured at th
| be recorded as the frequency-weighted r.m.s. acceleration values at the platform, ayp.

in the PSD
e platform

as been found that a short period of running to warm up the seat, up to 10 min, imjproves the

patability. It is recommended-that a short warm-up should take place immediately before
heasurements. The seat-might be loaded with either a test person or an inert load. (For
8.1.2.) A suitable warmup might be to run and then discard the first reading of each seri¢

P.2 If the purpase of the simulated input vibration test of the relevant application sta
hin the seat effedtive amplitude transmissibility (SEAT) factor of the seat, calculate the

a
SEAT= WS

awP

each series
inert load,
S.

hdard is to
ratio of the

(2)

where aws and ayp are as defined in 10.2.1.

10.2.3 If the purpose of the simulated input vibration test is to obtain the absolute magnitude for
vibration to be transmitted to a person in a vehicle or machinery, the magnitude on the seat, ays, shall be

©IS
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corrected according to the ratio between the measured test input magnitude, ayp, and the intended input

value a*
wP "

The corrected magnitude on the seat, a:/S ,is given in Formula (3):

* *

a

*

awS

wS awP

*

awP

or in Formula (4):

* *
a,s = SEAT - a,p

(3)

(4)

where SEA

10.3 Dan|
Load the sq

Apply the
frequency,

Repeat thg
measured

Note the af
platform.

Calculate t

_ 9]
ap

T

11 Acceptance

Under the
and/or dan
the specifi
The accept
of the SEA]
this maxinj

The accept

T is as defined in 10.2.2.

|ping test
at with an inert mass of 75 kg + 1 % (see 8.1.2).

required peak-to-peak displacement amplitude to the base of the seat at the resona
f, of the suspension.

test to obtain three consecutive test runs in which the r.m.si\acceleration values, as
it the disc are within £5 % of their arithmetic mean. Record¢his arithmetic mean, as(fy).

ithmetical mean of the three values of the r.m.s. acceleration values, ap(f;), measured on

he transmissibility, 7, at resonance of the seat as thi€ratio of the registered values, as follc

fe)
fe)

est procedures of this document, acceptance values from the simulated input vibration
hping test can be defined. Application standards shall state the acceptance values relevar
" seat test.

ance value for the simulated input vibration test shall be given either as the maximum v
" or the maximunmcorrected magnitude on the seat, ajvs . To pass the test, lower values t
um shall bebtained for each test person.

ance valtie)for the damping test shall be defined as transmissibility at resonance.

12 Test yeport

nce

(fr),

the

WS:

6)

test
tto

hlue
han

The test report should contain the following:

a)
b)
‘)
d)
e)
f)

12

the name and address of seat manufacturer;

the model of seat, product and serial number;

the date of test;

the duration of run-in period, in hours;

the type of measurement equipment and mounting disc used (semi-rigid or rigid);

the characteristics of the simulated input vibration test;
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g) the vibration transmission to the test persons during the simulated input vibration test:
1) mass of test persons, in kilograms,
2) SEAT factor, and/or
3) corrected magnitude on the seat surface;

h) the transmissibility at resonance during the damping test and the resonance frequency
(alternatively, the transfer function with sinusoidal-vibration input);

i) the name of person respon sible for the test:

j) |the identification of test laboratory.
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Annex A
(informative)
Test method for assessing the ability of a seat suspension to

A1l Genleral

This anne}
suspensior
industrial

The testm
a)
b)
c)
d) foresti

indust
earth-

agricu

At the disd
method mj§
example, I

A.2 Sym

darb

Ay

to

control the effects of impacts caused by over-travel

¢ specifies a laboratory test method for measuring and evaluating the effectiveness

ruck or off-road vehicle in conditions that can cause excessive suspension+travel.
bthod may be applicable to operator seats in the following types of vehicles:

rial trucks;

moving machines (restricted to classes defined in ISO 7096);

tural tractors;

y forwarders.

retion of the standards committee responsible‘for the relevant type-C standard, the
y supplement, but does not replace, the tests.for vertical vibration isolation defined in
05007,1SO 7096 and EN 13490.

bols

Arbitrary acceleration amplitude applied to the seat base (vibration exciter platform), in
metres per second squared

Wy frequency-weighted-acceleration, in metres per second squared (W is defined in
ISO 2631-1)

Frequency of theinput vibration, in hertz
Time, in ségonds

Time.atthe start of the test stimulus

seat in controlling the whole-body vertical vibration transmitted to the perator of

pf a
an

test
for

t1

Time at the end of the test stimulus

tm

VDV

Ly s

By s

14

Time at the end of the measurement
Vibration dose value, in metres per second to the power of 1,75
Displacement of the seat base (vibration exciter platform), in metres

Acceleration of the seat base (vibration exciter platform), in metres per second squared

Seat load vibration dose value of 2,5 m/sL75 (L 5 = 2,5 m/s175)

Seat base vibration dose value corresponding to a seat load vibration dose value of 2,5 m/s1.75
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L7s Seat load vibration dose value of 7,5 m/sL.75 (L7 5 = 7,5 m/s1.75)
B7s Seat base vibration dose value corresponding to a seat load vibration dose value of 7,5 m/s1.75
L1, B1 Seat load and seat base vibration dose values for the measurement with a load VDV in the

range 2,375 m/s175 to 2,5 m/sL75

Ly, By Seat load and seat base vibration dose values for the measurement with aload VDV in the
range 2,5 m/sL75 to 2,625 m/s1.75

L3, B3 Seat load and seat base vibration dose values for the measurement with a load VDV in the
range 7,125 m/sL75 to 7,5 m/s1.75

La, Ba Seat load and seat base vibration dose values for the measurement with adoad VIPV in the
range 7,5 m/sL75 to 7,875 m/s1.75

R Rate of increase of the load VDV relative to the base VDV betweendoad VDVs of 2|5 m/s1.75
and 7,5 m/sL.75

A.3 Test conditions and test procedure

A.3l1 Seat mounting

The seat to be tested shall be mounted on a horizontal platform of a vibration exciter, whicH shall have
movyements in the vertical direction (z-axis), as specifieduin the application standards. The dlimensions
of the mounting platform shall be sufficient to adequately support the seat.

The vibration exciter shall be capable of generating sinusoidal peak-to-peak displacement| of at least
60 mm at 2 Hz.

A.3l2 Seatadjustment
The seat shall be run in as specified(by-its manufacturer.

The seat shall be adjusted to @ mid-ride position appropriate to the mass of a test persdn of 98 kg
(eqtiivalent to a load on the(seat of 75 kg) in accordance with the seat manufacturer’s infstructions.
If np instructions are available, the seat shall be adjusted to the force mid-point of the $uspension
forde-deflection characteristic measured over a range from zero to 1 500 N with the seat inja specified
configuration.

NOTE Many seats have mass adjusters that are marked according to the total driver (operatof) mass, but
only approximately 75 % of this mass is actually carried by the seat.

The seat_shall be adjusted to the desired mid-ride position and then subjected to a low pdak-to-peak
(legs thar' 5 mm) sinusoidal vibration at the base of the seat at a frequency approximately fhree times
the|seat resonance frequency. This process shall be repeated as necessary until the seat seftles to the
intended mid-ride position.

With seats where the stroke available is unaffected by the adjustment for seat height or test person
mass, testing shall be performed with the seat adjusted to the centre of the stroke. With seats where
the stroke available is affected by the adjustment of the seat height or by test person mass, testing shall
be performed at both the maximum and minimum height adjustment with the seat required to pass
both tests. The manufacturer should specify what influence different combinations of mass and seat
height adjustments will have on the stroke available during testing.

The fore and aft adjustment of the seat shall be in the centre of the available travel.

The inclination of the cushion surface (if adjustable) shall be nominally horizontal.
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Where the inclination of the backrest is adjustable, the angle shall be approximately 10° behind the

vertical.

If the seat is capable of rotation, it shall be locked facing forward (i.e. towards the vehicle controls when

the vehicle

Additional

is travelling).

suspension systems (fore-and-aft and/or lateral) shall be disabled.

A.3.3 Testload

The test load shall have a total mass of 75 kg and shall be rigid. The centre of mass shall act downwards

through a point at the centre of the seat in the (lateral) y-axis and a point 40 mm forward of the
index point (SIP), as defined in ISO 5353, when the load is correctly positioned on the seat surfdce:
surface arg¢a of the test load in contact with the seat cushion shall be as defined in ISO 5353Fric
between the load and the backrest shall be minimized by using muslin sheet or similar material.
Care shall e taken that the load cannot fall off the seat, in particular during severe top-énd-stop impa
The methof of securing the load shall not impede the movement of the load in the (viextical) z-axis.
The positipn of the load on the seat shall be monitored throughout the test,_and the load shal
repositiong¢d if it deviates from the desired position by more than an amount to be defined in
machinerytspecific standard.
The test ldad shall be in place on the seat surface for at least 3 nifin) and not more than 4 h be
beginning the test.
A.3.4 Test environment
The air temiperature shall be maintained at (20 + 8) °C.
The seat sHall be allowed to acclimatize to these conditions for at least 4 h.
No part of the seat shall exceed 40 °C during the(tests.
A.3.5 Inputvibration
The input yibration shall consist of thefollowing waveform, defined from ¢t = 0 to t = 4,5/f:
a) interms of acceleration (see-Figlre A.1) as given in Formula (A.1):

5(6)=qpsin(2n £ £)sin] L L (

4,5
b) in terms of displadement as given in Formula (A.2):
cos(2,22r ft)-1 cos(1,78m ft)-1
X()= aarJ (2.22n] )1 costL7on/ 1) w (
| (2,227 f) 1,78z f) ]

beat
The
fion

cts.

be
the

fore

A1)

\.2)

The frequency, f; shall be the centre frequency of the spectra of the vibration test input signal relevant

to the seat

under test, as defined in ISO 5007, ISO 7096 or EN 13490.

A.3.6 Tolerance on input vibration

The tolerance should be specified in terms of deviation from the ideal waveform in the time domain.

16
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Key
X |time, t, normalized to 4,5/f

platform acceleration, x(t), normalized to darp

Figure A.1 — Vibration exciter platform acceleration waveform X(t)

A.3l7 Measuring instrumentation

A.3|7.1 Transducers

The acceleration shall be measured on the vibration exciter platform with transducers mounted as
spefified in 5.2.2.

The acceleration of theload shall be measured using an accelerometer rigidly attached to thelload mass.
The accelerometer shall'be in line with the centre of mass in the (vertical) z-axis and shall beas close as
pospible to the surface of the seat.

A.3|7.2 Dataacquisition system

The data'‘acquisition system shall be in accordance with ISO 8041.

A.3.8 Testprocedure

The test procedure determines the slope between two specified points on a graph of the vibration
dose value (VDV) at the seat load plotted against the VDV at the seat base. These points are specified
to be descriptive of the response when suspension over-travel is likely to cause the end-stop to be
compressed. The points are specified according to the VDV at the seat load. It is therefore necessary to
determine each point by interpolation between two measured points, as illustrated in Figure A.2 where
one point causes a higher VDV at the seat load, and one a lower VDV than the target value.

The test stimulus shall be repeatedly reproduced at the vibration exciter platform at varying magnitudes
until two values for the load VDV are obtained in the range 2,375 m/s1.75 to 2,625 m/s1.75. One measured
load VDV shall be in the range 2,375 m/s175 to 2,5 m/sL75, This load VDV shall be recorded as L1 and
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the corresponding seat base VDV as B1. Another measured load VDV shall be in the range 2,5 m/sL75 to
2,625 m/sL75, This load VDV shall be recorded as L and the corresponding seat base VDV as Bs.

The magnitude of the test stimulus shall be adjusted such that two values for the load VDV are obtained
in the range 7,125 m/s1.75 to 7,875 m/s1.75. One measured load VDV shall be in the range 7,125 m/s175 to
7,5 m/sL75, This load VDV shall be recorded as L3 and the corresponding seat base VDV as B3. Another
measured load VDV shall be in the range 7,5 m/s1.75 to 7,875 m/s1.75. This load VDV shall be recorded as
L4 and the corresponding seat base VDV as Bs. This procedure is illustrated in Figure A.2.

29
2,8
2,7
2,6
2,5
24
23
2,2
21

Key

Y

40
LAY

9

a) Total diagram

Y
82 [
8 —
78 -
4 76 -

+ 72 —

e
L, B, 74 -

7 -
! ! ! ! 68

19 2 21 22 X 6.6 -

6,4
3,2

b) Detail A

X Wk frequency weighted base VDV
Y Wk frequency weighted load VDV

18

34

3,6 38 4 42 X

c) Detail B

Figure A.2 — Example illustration of the test procedure
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