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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

ith 1SO, also take part in the work. ISO collaborates closely with the International Ele

trotechnical

Commisg
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ion (IEC) on all matters of electrotechnical standardization.

rnational Standards adopted by the technical committees are circulated to the member.bodie
bn as an International Standard requires approval by at least 75 % of the member bodies castin

nal Standard ISO 13090-1 was prepared by Technical Committee 1SO/TC 108;\Mechanical v
Ibcommittee SC 4, Human exposure to mechanical vibration and shock.

0 consists of the following parts, under the general titte Mechanical vibration and shock — @
pects of tests and experiments with people:

1: Exposure to whole-body mechanical vibration and repeated-shHock
2: Exposure to whole-body impact

A to G of this part of ISO 13090 are for information only;
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Introduction

People may be exposed to mechanical vibration and repeated shock intentionally in the course of experiments to
determine their response to such environments and in the course of experiments or tests performed for other
purposes. It is widely accepted that exposure to mechanical vibration and repeated shock of sufficient magnitude
can cause injury or impair health.

In this partl of ISO 13090, guidance is provided on the safety aspects of equipment or procedures)which are
particular tg experiments involving mechanical vibration and repeated shock and which affect the safety] of those
involved.

The purposg of this part of ISO 13090 is to reduce the chance of the subjects, or those monitaring or condlicting the
experiment$, being exposed to undue risk of injury or impaired health arising from suchyexposure, or| of injury
attributable [to the malfunction or poor operation of the equipment used to generate the ‘mechanical vibration and
repeated shock. Guidance on the design of equipment is included in annex E.

In accordamce with accepted practice for experiments in which human subjectsvare involved, the expgrimenter
should obtdin approval from an independent Ethical Committee, or "Human Use Committee", giving detgils of the
planned experiment together with a written justification. Some guidelines aretincluded in annex F.

This part of[ISO 13090 represents the best international consensus at.this time and may be subject to change in the
light of futue developments in scientific knowledge and experience.
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Mechanical vibration and shock —
Guidance on safety aspects of tests and experiments
with people —

Part

Exposure to whole-body mechanical vibration and repeated shoc

1 Scope

This part|of ISO 13090 provides guidance on the safety aspects of the design‘of'equipment and the con
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riments in the laboratory in which human subjects? are exposed‘to mechanical vibration and repeated

of 1SO 13090 is concerned with tests and experiments\in ‘which subjects are exposed to
tal vibration and repeated shock, as described in ISO 2632-1. Local vibration is not within the s
O 13090, but some of the general procedures may be@pplicable.

riments to which this part of ISO 13090 is applicable include those performed to determine the
to mechanical vibration and repeated shock~stimuli. They also include those experimen
fal vibration and repeated shock are part of the environment in which other investigations are
periments or tests to compare the attributes of equipment intended to alleviate the effects of
and repeated shock on the user (e.g. testing of seat suspensions, seat cushions and other
ncluding tests according to ISO 10326-1).

easures in addition to those deseribed in this part of ISO 13090 may be necessary in those countries
ational requirements.
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ISO 2041:1990, Vibration and shock — Vocabulary.

ISO 2631-1:1997, Mechanical vibration and shock — Evaluation of human exposure to whole-body vibration —

Part1: G

eneral requirements.

ISO 5805:1997, Mechanical vibration and shock — Human exposure — Vocabulary.

ISO 10326-1:1992, Mechanical vibration — Laboratory method for evaluating vehicle seat vibration — Part 1: Basic

requirem

ents.

1) Herein

after referred to as "the subject" or "subjects".
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3 Definitions

For the purposes of this part of ISO 13090, the definitions given in ISO 2041 and 1SO 5805 apply.

4 Hazards of mechanical vibration and repeated shock experiments on human test
subjects

4.1 General

Those who|engage in experiments which involve exposing subjects to mechanical vibration and repeatgéd shock,
and those who supply equipment for such experiments, should address three types of hazard spgcifi¢ to such
experiments, in addition to the general responsibility for safety, as follows:

a) the inherent hazard that exposure to the mechanical vibration or repeated shock which’ the expgriment is
intended to reproduce may lead to injury or ill-health, either immediately or at some time:in the future (see 4.2);

b) the exftraneous hazard that malfunction or inadvertent operation of the equipment used to generate the
mechgnical vibration or repeated shock may cause the subject to be exposed-unintentionally to mptions so
severq as to cause injury or ill-health;

c) the hagard of injury to the subject, the experimenter, or others in the vicinity arising from any of the following:

1) thejrelative motion between the vibration equipment and its surroundings,
2) mefhanical, electrical or other failures,
3) falling.

4.2 Inhergnt hazards in mechanical vibration and repeated shock experiments
4.2.1 Gengdral

The inherent hazard that exposure of a subject-to mechanical vibration or repeated shock may lead to injury or ill-
health depgnds on the following two possible causes:

a) use ofmechanical vibration or répeated shock that is too severe in terms of magnitude or duration, seg 4.2.2;

b) failure|to exclude from the test’a subject who is medically unfit or otherwise particularly sensitive to mgchanical
vibratipn or shock.

NOTE Predgautions to be.taken with subjects are given in clause 7 and annex D.

4.2.2 Sevefity ofimechanical vibration or shock stimulus

The effects|on.subjects of mechanical vibration and repeated shock depend on the magnitude, frequency content,
direction of action and duration of the stimuli, all of which should be included in assessing the severity.

In all cases, the mechanical vibration is to be measured at the interface of the subject with the vibrating surface.
Vibration may be characterized as deterministic (including periodic) or random and, for the purposes of this part of
ISO 13090, vibration is restricted to frequencies between 0,5 Hz and 80 Hz. Repeated shocks may be applied with
or without the presence of vibration, with various characteristics.

Mechanical vibration and repeated shock should be characterized from measurements of acceleration in three
mutually perpendicular axes (see figure 1).

R.m.s. values of acceleration should be obtained using frequency weightings according to ISO 2631-1. The r.m.s.
value should be determined using linear integration over the full period of exposure.
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Figure 1 — Basicentric axes of the human body
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4.3 Extraneous hazards in mechanical vibration and repeated shock experiments

Many vibrating devices used in experiments have a large quantity of available or stored energy. An inherent
problem in the design of vibration systems is that the subject may be exposed to unexpected or frightening
transients or, at worst, to potentially dangerous magnitudes of mechanical vibration or shock as a result of an
equipment malfunction.

Equipment design should be such that, in the event of malfunction or emergency stop procedures, the subject
should not be exposed to accelerations of hazardous magnitude or duration. Equipment should be designed so that
no failure could result in magnitudes of mechanical vibration or shock producing accelerations in excess of an
acceptable short-term magnitude, unless the experiment is designed to study the effects of higher magnitudes. For

such experi

The equipm
is reasonab

ments, the magnitude during failure conditions should be only slightly in excess of those being.

ent should be tested under simulated fault conditions (e.g. as suggested in annex E), tolensure
ly practicable that the short-term acceleration does not exceed an acceptable magnitude.

tudied.

so far as

4.4 Physigal contact with moving parts

4.4.1 Gengral

Mechanical|vibration and repeated shock experiments present the following three particular physical hazargs:

a) the experimenter or another person in the vicinity of the equipmenf\may receive a blow through inpdvertent
contagt with the moving parts;

b) the subject on a moving part may receive a blow through inadvertent contact with a fixed object;

c) anyong on the equipment or in the vicinity may be at risk, from pinching or shearing between fixed and moving

parts.

4.4.2 Restraint of subjects

In experimg
or malfunct

5 Class

5.1 Gen

nts where subjects are restrained, special care should be taken to ensure that during normal
on the restraint itself does not.present a hazard.

ifying experiments)according to severity of vibration exposure

bral

The recom

bperation

rentiated,

endationsyin this part of ISO 13090 provide for two categories of experiment which are diffe

according tp the degree of risk, as to whether or not a physician or medical doctor should be in attend

ce or on
shock to

a
call. The dgcisian\is based on an assessment of the degree of severity of mechanical vibration or repeate
which the spilbjects are to be exposed.

An independent Ethical Committee (see annex F) shall be required to review any proposed experiment involving the
exposure of human subject to vibration. This committee shall decide whether an experiment carries "greater than
minimal risk", and what is required by way of medical supervision.

5.2 Experiments involving minimal risk

Ethical Committees may not require that a physician or medical doctor be in attendance or on call for tests or
experiments in which the subjects are exposed to magnitudes of mechanical vibration or repeated shock
comparable to those found in common forms of transportation and in any but the most severe of civilian working
environments (see annex A).
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5.3 Experiments involving some inherent risk

For experiments in which any subject is exposed to mechanical vibration or repeated shock in excess of that which
would be consistent with the safe exposure of workers (see annex A) a physician or medical doctor should be in
attendance or on call (see 6.2.4). Prior advice should also be sought from a relevant medical specialist on the
inherent risk of the experiment and on the criteria for the selection of subjects (see clause 7).

It is recognized that for certain tests or experiments involving the exposure of subjects to vibrations which simulate
real work conditions, the above criterion may require the continuous attendance of a physician or medical doctor
when this would be neither expected, nor practicable in the work conditions themselves. In such cases, the advice
of the Ethical Committee should be sought as to whether or nat the presence of the physician or medical doctor is
warrantefl.

6 Prgctice for laboratory tests and experiments
6.1 General

The risk pf injury in experiments involving human test subjects can be reducedhy observing good praclices. These
include the selection and training of personnel, adherence to well-defined procedures, and the dliscipline of
maintaining adequate records.

6.2 Manning

For any ¢xperiments in which a subject is on apparatus capable of causing mechanical vibration or shogk stimulus,
there shquld be an operator at the control panel for that apparatus who has a clear view of, or otherwige maintains
contact with, both the subject and the apparatus. In somé’circumstances it may be desirable for a secord person to
be present as an observer.

For experiments involving greater than minimal_risk, i.e. in which the subjects are exposed to mechanigal vibration
and repgated shock whose severity exceeds that which is consistent with the safe exposure of wprkers (see
annex A), the Ethical Committee may reguire that a physician or medical doctor be in attendance (see 5.8).

At the tihe of any test or experiment, there should be, within the laboratory or in close proximity to ft, a person
trained irf first aid, and a means of‘e@emmunicating with the local emergency services.

6.2.1 Experimenter

In any tgst or experiment, one of those present should be designated as the person responsible for the test or
experimgnt and be recognized as such by all concerned.

6.2.2 Operator

It is imperative that the operator has received training in operation of the equipment either from the manufacturer or
from a responsible person experienced in the use of the equipment. The main need is for experience and
proficiency in running the equipment, but the operator should also be fully conversant with emergency procedures.
The operator should be backed by an adequate maintenance staff.

6.2.3 Observer

The observer should have a good understanding of the test or experiment being conducted and be familiar with
emergency procedures for the equipment.
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6.2.4 Physi

cian or medical doctor
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The physician or medical doctor should be a qualified medical practitioner, fully conversant with possible effects of
mechanical vibration and shock on human subjects. The physician or medical doctor should be concerned primarily
with the well-being of the subjects and should have absolute discretion to halt the experiment or any part of it.

6.3 Procedures

6.3.1 General

Procedures
sequence f

position of the operator, who should have practised them thoroughly, without a human subject, before stg

trials in whi

It is recommended that the sequences detailed in 6.3.2 and 6.3.3 be included in laboratory,procedures.

6.3.2 Start;

A start-up S
on the inted

The intende

should be ¢perated without a human subject to ensure that the iAtended stimulus is reproduced corred

dynamic re
be made wi
representat

All emerger

Support ang restraint features (e.g. seats and hatnesses) should be checked.

At regular i
used for feq
reproduces

6.3.3 Norm

The normal
and to any
in which th
objective m

should be defined for start-up of the equipment and general pre-trial checks, as well as forthe
br each particular trial. These procedures should be displayed where they can be seen €learlyf

Ch such a subject is used.

up and pre-trial checks

equence should be formalized to include checks on all monitoring equipment and limiting syst|
rity of the controls and input circuits.

d magnitudes of stimulus should be checked to assess:the" severity of exposure, and the €

Eponse of the equipment is affected significantly by the’presence of a human subject, this che
th a substitute. This substitute may be a simple mass, but may in some cases be required to h
ve dynamic properties.

cy stop devices should be tested for correet,functioning.

ntervals, and at least before and .after each series of trials, the calibration of transducers an
d-back control and for monjtdring should be checked, as should the accuracy with which the ¢
the full range of stimuli used-in the series of trials.

al operating sequence

operating sequence for each trial should follow a predetermined routine which is familiar to the
pbbserver. This'should include the sequence of stimuli and their durations, the sequence of any
b subject\is to be engaged, and the times at which responses are required of him/her, or
pasurements are to be made (e.g. of attributes of his/her physiological state).

bperating
from the
rting any

ems, and

guipment
tly. If the
tk should
hve more

d circuits
guipment

operator
activities
at which

The norma

operating sequence should also include the times for reqular checks that the magnitudes of

stimuli in

use are within predetermined limits. Preferably, the signals from transducers used to monitor stimuli should be
recorded so that any unplanned incident can be assessed against accepted indicators of the severity of mechanical
vibration and shock.

The subject(s) should enter or mount the equipment only when it is stationary and in a safe condition. Where
appropriate the physician or medical doctor, otherwise the operator or observer, should check that the subject is fit
to take part, either by reference to records of previous trials and/or with the requirements of clause 7. It is essential
that no trials be made with any subject who has not been checked and authorized as being fit for mechanical
vibration and shock experiments by a physician or medical doctor (see 5.3) or another person able to assess the
risk.
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The operator or observer should also check that the subject is familiar with the experimental procedure and, in
particular, that for emergency shut-down, and that the subject is adequately supported and, when necessary,
restrained.

The operator should maintain observation of, or otherwise maintain contact with, the subject and any other
personnel in the experimental area throughout any period when the equipment is in motion.

The equipment should be brought to rest and made safe before the subject leaves or dismounts.

6.3.4 Subject

The subject should have complete freedom to resign from the experiment, and to stop the experimen{ during any
part of it.

The subjgct should be provided with an opportunity to report any adverse reaction to the mechanical vjbration and
repeated|shock.
6.4 Dog¢umentation

6.4.1 Dgcumentation associated with mechanical vibration and repeated shock experiments on humjan subjects
should include the following:

a) an pperational record of the use of mechanical vibration.-and shock equipment: durations pf use and
chafacteristics of the mechanical vibration and repeated shegk used; results of start-up and pretrial checks
(se¢ 6.3.2); servicing and maintenance;
b) an gxperimental protocol of the experiment conducted-and documentation of the authorization to prpceed;
c) arecord of each exposure of any subject to mechanical vibration and repeated shock;
d) chegk lists for start-up and operational sequence for current trials;

e) aligt of people authorized to operate‘the mechanical vibration and shock equipment;

f)  coples of the consent forms as.a record that each subject has been questioned or examined with regard to
fitngss to participate;

g) rep¢rt of any unexpectéd-reactions or incidents.

6.4.2 The record of.exposure of each subject to mechanical vibration and shock should include the folloying:

a) purpose Gfthe experiment;

b) dateofthe m(lnprimpnt;
c) identification of the subject;
d) any medical certification provided;

e) nature of mechanical vibration and shock exposure (frequency or bandwidth, acceleration magnitude, duration,
whether random or periodic, direction and point of application on the subject);

f)  any unusual reactions or after-effects noticed, either by the subject or by the experimental team;

g) name of the experimenter(s);
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h)
i)
)
k)

name of the operator in charge of the test or experimental run;
name of the observer (if present);

name of the physician or medical doctor (if present);

experiments because of problems with proper informed consent.

NOTE

Information regarding the subject should be considered to be confidential and treated appropriately.

©1SO

name of the chaperone/parent/guardian (if present); children can only be subjects in non-hazardous

7 Seled

It is the dut

that no subject is at risk as a result of being, for example, pregnant, medically unfit or<otherwise p

sensitive to

For those ¢
warrant the
without ass
subjects un
to obtaining
forget their
their routing
vibration or

For those e
risk (i.e. is 9
be required
doctor shoy
annex C, a

Occasional
subjects for
sought befg
doctor be in

All participa

tion of human test subjects
of the experimenter (in consultation with the physician or medical doctor where_appropriate)
mechanical vibration or shock (see annex C).

xperiments in which the exposure to mechanical vibration or repeated:shock is not so sev
attendance of a physician or medical doctor, subjects should be at east fit to travel in public
istance and to accept the stress of a normal day's work. The experimenter should ensur
derstand in general terms the medical conditions which would render them unfit for the experin
their consent (see annex B and annex D). Care is required,ip’ this because some subjects
own weaknesses in their desire to take part in an activity.which they perceive as more intereg
. Experimenters also need to be particularly careful if theyexperiments involve exposure to m

Kperiments in which the exposure to mechanicalvibration or repeated shock involves more tha

It is the responsibility of the physician or’tmedical doctor to assess this fitness. The physician g
Id question potential subjects to ascertain this fitness, having cognizance of the contra-indicati
d should decide on any need for medical examinations and certification.

y it may be necessary to conduct experiments using people who would normally be ruled a

re undertaking such work, that the Ethical Committee should approve it, and that a physician o
attendance.

tion of human test-subjects should be on the basis of written informed consent.

0 ensure
hrticularly

bre as to
transport
e that all
nent prior
ignore or
ting than
echanical

shock which, even though of low magnitude, may be greatly different from that to which the subjects are
accustomedl.

N minimal

0 severe as to warrant the attendance of a physician or medical doctor), a higher degree of fithess may

r medical
bns listed

5 unfit as

mechanical vibration and répeated shock experiments. It is essential that competent medical @dvice be

r medical
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(informative)

Severity of exposure

ISO 13090-1:1998(E)

In planning a test or experiment involving the exposure of human subjects to mechanical vibration or repeated
schock, severity of exposure is the measure on which is based the criterion for deciding whether or not a physician
or medical doctor should be in attendance.

The crite
require &
which ap

ion is a combination of vibration magnitude and duration of exposure, such that an increasg i||1 one would
decrease in the other. This criterion is taken from the health caution zones in ISO 2631131997, annex B,
ply to people in normal health who are regularly exposed to vibration (see figure A.1).

These arfe mainly based on exposures in the range of 4 h to 8 h, for which most occupational observétions exist.

Most test
daily bas
which hu
may be r

Weighted acceleration, m/s2

N
o

o
W]

~

2,5

1.6

0,63

0,4

0,315

0,25

046

0.1

s and experimental work involve the exposure of human subjects on an occasional, rather than|a long-term
is. For this reason, the criterion is based on the upper limit in figure A.1. FOrany tests or experiments in
man subjects are to be exposed to mechanical vibration regularly over an_extended period, grejter caution
bquired.

Equation (A.1)
N
<

Equation (A.Z)J N

10 dB

Ja)

C | 2

L o]

2L

Figure A.1 — Health guidance caution zones

Exposure duration, h

(from 1SO 2631-1:1997, annex B)

Note that exposure in the most severe civilian working environments is above the upper limit at the 4h to 8 h

duration.

For exposure durations shorter than 4 h per day, or longer than 8 h per day, the guidance of 1SO 2631-1:1997,
annex B, is tentative. The guidance states that there are not sufficient data to show a quantitative relationship
between vibration exposure and risk of health effects. However, it does include two possible relationships, which are
used to develop the alternative caution zones in figure A.1.
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These are:
q awf-l—lu2 = awz’sz
an
awf-l—lu4 = awz’sz

©1SO

(A.1)

(A.2)

Concern has been expressed about the magnitudes of vibration for short durations which would be considered as
not involving any inherent risk. According to equation (A.1), these could be as much as 6 m/s’ for 10 min. For this

reason, the guidance proposed in table A.1 is based on equation (A.2).

TJbIe A.1 — Exposure to vibration and repeated shock requiring attendance of a physician

or medical doctor

ac

Celeration)

Duration of exposure in any one

24|h period 16 min 1h 4h 8h
Acteleration magnitude, m/s’

(frequency-weighted r.m.s. 2,2 1,6 11 0,9

NG

TE Repeated shock is quantified only very approximately by r.m.s~acceleration values.

The criterio
r.m.s. accel
exceed vall

es given in table A.1.

h for requiring the attendance of a physician or medical doctor is therefore that the frequencyH
eration, measured over periods of exposure in the direction giving the greatest magnitude, is in

weighted
lended to

In tests or ¢xperiments in which subjects are exposed-to vibration or repeated shock exceeding the magmnitudes in

table A1, a
exposures i

It is recogn
real work ¢
when this W
of the Ethic
warranted.

h any 5-day period.

minimum of 48 h is recommended betweenrepeated exposures for an individual, with no more|

zed that for certain tests or experiments involving the exposure of subjects to vibrations which
pnditions, the above criterion.may require the continuous attendance of a physician or medig
ould be neither expected, nor practicable in the work conditions themselves. In such cases, the advice
hl Committee should be sought as to whether or not the presence of the physician or medical

than two

simulate
al doctor

doctor is

10
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Annex B
(informative)

Example of consent form for a human test subject in mechanical vibration

and repeated shock experiments

IN CONFIDENCE

Consent

1 Per

1.1 Name:

1.2 Age years 1.3 Sex: Male/Female

1.4 Address:

2 Dedlaration

sonal details

T0 act as a subject In an experimenydemonstration INvolving exposure to_mechanical vibraji
and repepted shock

on

2.1 | hdreby volunteer to be an experimental subject in a mechanical vibration and shock experimgnt with the

designation or reference number:

to be conducted by:

at:

duripg the period to

2.2 | understand that any information about myself which | have given, and may give in the course of the

experimgnt, will be treated as confidential by the experimenter(s) whose signature(s) is/are given below.

2.3 Explanations of the purpose ©f the experiment, the nature of the mechanical vibration and shock [to be used,

and the potential hazards and the, precautions taken against them have been given to me.

2.4 While agreeing to attend for the purposes of the experiment at the time(s) and place(s) requested by the
experimgnter(s), | fully undérstand that | may at any time withdraw from taking part in the experiment and that | am

under no

obligation to‘give a reason for my withdrawal or to attend again for experimentation.

2.5 While in thefaboratory, | undertake to observe the regulations in force governing its use. | also adree to obey
instructions given to me by the experimenter(s) regarding safety, subject only to my right to withdraw declared

above.

2.6 | understand that acceptance of the risks does not abrogate my right to legal redress, and possible
compensation.

Signature: Date:

Witnessed by: Date:

Experimenter (signature):

11
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Annex C
(informative)

Medical contra-indications to participation in experiments involving

whole-body mechanical vibration and repeated shock

C.1 General

It is acceptes

vibration a
experiment
or disorder
acceleration

C.2 Ment

The subject
doubt that h

C.3 Recd

Persons wh

medical supervision should not act as test subjects. The period for which such persons should not be ex

mechanical
them from 4
medical ad

C.4 Prost]

The presen
dentures, e

C.5 Spec

d shoc sure or emergency stop acceleration s ot be an experimental subje
br is uncertain that the well-being of a potential test subject with a particular medical or surgica
will not be impaired by a particular mechanical vibration and shock exposure or.emergs
, then the opinion of an experienced medical practitioner should be sought.

bl health

is/her consent could not be relied upon as being a true and informed-consent.

Nt trauma and surgical procedures

o have recently had surgical operations or suffered traumatic lesions (e.g. fractures) and are §
vibration and shock depends on many factors*and, in certain cases, their medical history may

iser should be sought if there is any doubt about his/her suitability as a test subject.

heses

ce of an internal or external prosthesis usually renders the person unsuitable as a test subject,
ternal hearing aids,‘spectacles and contact lenses should not preclude participation.

fic disorders

Persons witr any 'of the following conditions may be unsuitable as test subjects:

©1SO

mechanical

ct. If the
disability
ncy stop

should be of sound mind and understanding and not suffering from any mental disorder that would raise

5till under
posed to
exclude

ANy further participation in experiments inv6lving such exposure. The opinion of the person's slirgeon or

although

disease of the respiratory system, In particular a recent nistory of haemoptysis (coughing up

lood) or

active disease of the gastro-intestinal tract, in particular the presence of an internal (e.g. hiatus) or external

(e.g. inguinal) hernia, peptic ulceration, recent history of gall bladder disease, rectal prolapse, anal fissure,
haemorrhoids or pilonidal sinus;

difficulty in micturition, female genital prolapse and other uterine disorders (e.qg. large fibroids);

a) active
chest pain;

b)

c)

d)

active disease of a genito-urinary system, in particular renal calculi, urinary incontinence or retention, or

active disease of the cardiovascular system, in particular hypertension requiring treatment, angina of effort,

valvular disease of the heart, or blood dyscrasias with prolongation of bleeding time (e.g. haemophilia);

12
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e) active disease or defect of the musculo-skeletal system, in particular degenerative or inflammatory disease of
the spine, long bones or major joints, or a history of repeated injury with minor trauma;

f)  active or chronic disease or disorder of the nervous system, including organs of special sense (the eye and the
ear), in particular, any disorder involving impairment of motor controls of the limbs or head, wasting of muscles,
epilepsy and retinal detachment.

C.6 Pregnancy

Only such women who are sure that they are not pregnant should participate as subjects in mechanical(l)vibration or

shock experiments. For any experiments in which the exposure to mechanical vibration or repeated-sh
more than minimal risk, i.e. is so severe as to warrant the attendance of a physician or medical doctd
pregnangy is recommended.

C.7 Experiments of minimal risk

For expgriments of minimal risk, it may be sufficient for the experimenter o obtain satisfactory ans
following|questions:

C71

C.7.2

C.7.3

C74

C.7.5

Have you ever suffered from a serious illness? (YES/NO)

If YES, please give brief particulars and approximate date(s):

Have you ever been injured seriously (i.e. badly enough to be treated by a doctor or taken to
([VES/NO)

If YES, please give brief particulars and approximate date(s):

Are you at present under medical treatment of any kind? (YES/NO)

If YES, please indicate what kind of treatment (e.g. medicines, appliances, physiotherapy, psyi
dressings):

Do you suffer from_any defect or disability affecting your daily life, work or
([VES/NO)

If YES, pleaselgive brief particulars:
Do you ‘suffer from, or have you in the past suffered from, any of the following cond

gqr neck> problems, cardiovascular disorders, diseases of the ears or eyes, retinal d
([VESINO)

ck involves
r, a test for

wers to the

A hospital)?

chotherapy,

travelling?

tions: back
etachment?

If YES, please give brief particulars:

Only in the event of negative replies to all of these questions should a subject be accepted without medical advice.
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D.1 Gene

Annex D
(informative)

Principles pertaining to the use of human subjects

ral

©1SO

There are certain ethical responsibilities incumbent on both the individual investigators and their superiors, who
should be familiar with the "Code of Ethics of the World Medical Association” (Declaration of Helsinki) (see

annex G). |
as the obvi
mental welf

D.2 Share
It is a falla
mechanical

the same ri
and the san

D.3 Over-

It is occasiq

D.4 Validi
D.4.1 Gern
The princip
that, by sig

event of hig
used.

D.4.2 Fre

For consen

ty of consent

is essential that the subjects be volunteers who have been fully informed of the risks involved
pus responsibility to minimize risk, there is also the responsibility to protect the dignity,\-phy
Are and privacy of the subject.

d risks
y that exposing volunteers to novel or risky procedures (and these might include severe wh
vibration and shock) is somehow made respectable by the experimentéer exposing himself or

5k. The fallacy resides in the assumption that all people share the(Same threshold of distress
he criteria of personal dignity and privacy.

investigation

eral
e of free and informed_censent is crucial to all ethical human experiments. A commonly held

ning a consent form,. blood-chit or disclaimer, a subject releases the experimenter from liabi
her being injured._during the experiment. Such waivers are neither valid nor ethical, and shou

P consent

to’be'free, the subject will need to be fully aware that he/she is able to withdraw from the expd

. As well
sical and

ole-body
herself to
or injury

nally the practice, when subjects have volunteered for exposure to severe experimental condlitions, to
submit thenp to elaborate investigation "because they are théere". This is undesirable.

belief is
ity in the
Id not be

riment at

any time ar

d“the experimenter will have to agree to respect his/her wishes. Particular caution is necess

ary when

the subject is directly or indirectly subordinate to the experimenter or when remuneration is offered as an
inducement to take part. No attempt at unreasonable persuasion or coercion should be made under any
circumstances.

D.4.3 Info

rmed consent

For consent to be informed, it is crucial that all essential aspects of the experiment, including any foreseeable
hazards, will need to be understood by the subject. He/she may also reasonably be considered as entitled to a
general explanation of the purpose of the experiment which should be available in a written form.

An example of a suitable form for recording the subject's consent is shown in annex B.
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D.5 Children

In general, children should not be allowed to participate in experiments without an ethical justification which has
been accepted by the Ethical Committee.

Children should patrticipate in experiments only when arrangements for their chaperoning, approved by the Ethical
Committee, are in operation.
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Annex E
(informative)
Design of equipment
ral

©1SO

The equipment should be designed and constructed so that under normal operation the motion stimulus can be
controlled by the operator and that the magnitudes of mechanical vibration or shock do not exceed the expected

values.

Other than
either

one-se

— fourth-power vibration dose value (VDV) of 17 m/s"” (see 1SO 2631-1:1997, 6.3.2)

hs indicated in 5.3, the subject should not be exposed to sustained or transient acceleration in

cond frequency-weighted running r.m.s. value of 10 m/s® (see 1SO 2631-1:1997,6:3.1), or

in the event
1) the
2) the
3) the
In order to
following fe
a) Mecha
b) Moving
the vici
c) The su
unrestr,
d) Thede
that thq
e) Emerg
the eq
devices
hazard
f) Safety
of acci(
In addition
associated

pxcess of

of the failure of any of the following:

operator,

electrical or mechanical components of the device,

software in programmable systems.

ensure safe operation, the designer and user of thecequipment should pay particular attentipn to the

htures.

hical and electrical components should be chasen for high reliability and should be conservatively rated.
parts should be adequately guarded in ofder to protect the subject, the operator and any olserver in

hity of the machine.

bject should be adequately restrained; particularly where malfunction would jeopardize the safety of an

pined subject.

vice and any electrical equipmeént used in conjunction with the machine should be adequately eprthed so
subject and operator are“protected from electric shock.

bncy stop and shut-down procedures should render the device safe so that the subject can esdape from

lipment with the minimum of delay in the event of an emergency. The purpose of emergdgncy stop
is to remove the_hazard in a safe and controlled manner. They should not in themselves|create a

and controhWires and fluid power lines should be positioned and secured in such a manner that the risk

lental diseonnection or breakage is minimized.

(o] these general design features pomts relating to the operat|onal controls and displays, the cgntrol and
f : wever, this

list covers only features WhICh experlence has shown to be |mportant for part|cular systems (mainly
electrohydraulic). It is the duty of the system designer and user to examine a particular system and attempt to

predict and

combat all possible modes of failure.

E.2 Operator controls and displays

E.2.1 Due

attention should be given to the ergonomics of operator controls and displays.

E.2.2 The start-up and shut-down procedures should follow a logical sequence and be sequence interlocked to
prevent improper operation.

16


https://standardsiso.com/api/?name=1c78e8f9036ea8b07b09dae93f481dd4

©1S0O

ISO 13090

E.2.3 The operator should be provided with displays which unambiguously indicate the following:

a)
b)

the status of the safety circuits and the nature of a malfunction if this is detected by a safety circuit;

the subject may safely be positioned on, or leave, the motion platform;

c)
the

d) the
It is rec
switched

E.24 It
relevant
should b

platen);

levels at which any pre-set limit circuits will operate.

on, that all malfunction displays are operative and that system parameters are within normallin

s recommended that the operator has sight, either directly or by closed-circuit television, of the
equipment so that normal or abnormal operation can be visually assessed. Alternatively, t

controlledd manner if requested by the subject. Where possible, both visual and voice\communicatior

available

E.2.5 There should be ready access to the subject in the event of his/her distress)or equipment malfung

E.26 C
excessivi

bntrols, such as a decade switch, which by inappropriate action could cause undesirable tf
b movement of the subject, should not be used.

E.2.7 The operator should have immediate and ready access 10 a clearly labelled control which

emergen
associatg
relevant

provided

Cy stop. If this control does not provide complete electrical shut-down and isolation of the
d equipment, the operator should have ready access.té an isolating switch. Convenient shut-d
fluid power lines (e.g. compressed air), not controlled directly by the emergency stop logic

E.2.8 The operator should have control of a scaled input attenuator which determines the magni

demand
demand

E.3 Sul

The subj
button s\
access.

some eq
motion st

Commun
the motig

unction, e.g. by use of a multiturn, or-single turn progressive or log-law, control.

ject controls

bct shall be able to stop-the”motion stimulus by the operation of an emergency stop control, usu
vitch, which can be held in the hand or is placed in a position to which he/she has immediats
Depending upon the\design of the equipment, this control may either initiate an emergency st
Lipment may produce relatively high transient accelerations, or a more gentle controlled stop
imulus is remaeved by the application of an appropriate function to the control system.

ication.between the subject and the operator also allows him/her to request the termination of
n stimotus.

-1:1998(E)

when the device is in a safe mode (e.g. when the actuator is not energized or is physically locked) in order that

the magnitude of the motion stimuli being generated by the device (e.g. displacement, velocity, acceleration of

uipment is
its.

subject and
he operator

P in voice communication with the subject so that the operator may terminate(the motion s{imulus in a

should be

tion.

ansients or
initiates an
system and

ff valves on
| should be

ude of the

signal fed to the control system. This should be designed to avoid the sudden application of ah excessive

ally a push-
e and ready
bp, which in
n which the

exposure to

E.4 Control system

E.4.1 General

There are a number of design features of the control system and actuator which contribute to safe operation,

although

in a particular device all the features detailed in E.4.2 to E.4.5 may not be required.

E.4.2 Input monitor

This circuit monitors the demand function to the control system and, if pre-set limits are exceeded, the demand
function is modified. In its most basic form, this circuit may act as a simple limiting device, which may be acceptable
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if the platen acceleration follows the input signal. However, if the input determines platen velocity or displacement,
clamping the input signal could give rise to an unacceptable acceleration transient.

More complex circuitry allows limits of displacement, velocity, and/or acceleration to be pre-set and for the input
signal to be modified in such a manner that excessive platen accelerations are not generated if these limits are

exceeded.

E.4.3 Platen motion monitor

An input monitor does not protect the subject from aberrant motion stimuli generated by failures within the control

system. Co
motion if th
system (i.e
depends up

As malfunc
loop of the

E.4.4 Sys

This circuit
supply rail
parameters

Careful corj
occurs. Fo
dissipated
sufficient tirj

suitable batteries or equivalent stand-by power supplies.

E.4.5 Oth

For any me
peak powe
situations ir
performanc

In electrohy
operating W
by adjustm
actuator. In
actuator.

nsequently, it is highly desirable that the motion of the platen be monitored by circuitry which
s exceeds pre-set limits. Whether the withdrawal of the motion stimulus is achieved through'tf

a controlled stop), or the control system is disabled and an emergency stop sequence is
on the detailed design of the equipment.

ion of the equipment can arise from failure of transducers of platen motion, whieh Tie within th
levice, it is highly desirable that separate transducers be used for monitoring_platen motion.

tlem monitor

monitors parameters within the control system which are indicative of normal operation, sug
voltages, amplifier current, servovalve operation, integrity ofitfansducer circuits, etc. If any
exceeds pre-set limits then a shut-down procedure is initiated.with an emergency stop of plater

sideration should be given to the behaviour of the system when failure of the main electric
example, electrohydraulic machines are likely torhave considerable stored energy which K
vithout excessive acceleration of the platen. Preservation of the power supply to electronic ¢
he for a controlled stop to be completed is thuschighly desirable and can be achieved by the pr

er [imiting techniques

chanical vibration or shock-machine there are performance boundaries which are determing
r available, the displacement of the actuator, and the frequency response of the system.
which it is not necessary to achieve the maximum performance of the device, it is desirable
b by means which are-hot dependent upon input or output (platen motion) monitoring circuits.

draulic mechanical vibration machines, peak platen velocity can be limited by restricting flow
ith a minimufmumber of servovalves in a multiple valve system); peak accelerations can be
bnt of system working pressure or by a bi-directional relief valve connected across the po
electradynamic machines, acceleration can be controlled by limiting the peak current availa

stops the
e control
initiated,

e control

h as the
of these
motion.

al supply
as to be
rcuits for
pvision of

bd by the
In those
0 restrict

(e.g. by
ontrolled
ts of the
ble to the

E.5 Displacement limiting and snubbing

Provision should be made for the motion of the platen to be limited, in the event of failure of the monitoring circuits
and the platen being driven into the end stops at the maximum velocity achievable, to either

fourth-

power vibration dose value (VDV) of 17 m/s"” (see ISO 2631-1:1997, 6.3.2).

one-second frequency-weighted running r.m.s. acceleration of 10 m/s” (see 1ISO 2631-1:1997, 6.3.1), or

Several techniques are available to limit acceleration and dissipate the energy of the moving structure when the
actuator exceeds its normal displacement. It should be noted that optimum performance, with stopping over the
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