TECHNICAL ISO/TR
REPORT 22100-3

First edition
2016-10-01

Safety of machinery — Relationship
with ISO 12100 —

Part 3:
Implementation of-ergonomic
principles in safety standards

Sécurité des machines.— Relation avec I'ISO 12100 —

Partie 3: Mise en oewivre des principes ergonomiques dans les\normes
de sécurité

_ Reference number
—/@\— ISO/TR 22100-3:2016(E)

ISO

N\
= © IS0 2016


https://standardsiso.com/api/?name=5fdb07c2c1384b69bb8c14c7c3337952

ISO/TR 22100-3:2016(E)

COFYRIGHT PRUTECUTED DOCUMENT1

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=5fdb07c2c1384b69bb8c14c7c3337952

ISO/TR 22100-3:2016(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 NOTTNATIVE FEECI@INICES .........oocco e 1
3 Terms and AeFIMITIOIIS ... 2
4 Strategy for risk assessment and risk reduction in relation to ergonomic hazards:|.. 2
4.1 LT3 11=) - OO e A 2
4.2 Significant ergonomic hazards in relation to ISO 12100... 4
4.3 POtential CONSEQUEINICES ... T e 4
. 700 07 1 V=) - 1 OSSOSO o= SSSREN SRS 4
4.3.2  Discomfort. 4
5 700 TR =Y 4§ USSR [ AN B 5
4.3.4  Musculoskeletal diSOTAErsS...........iiiieiicsg S 5
43.5 6
4.3.6 7
5 Incorporating ergonomics into the risk assessment pro€ess..............n.
5.1 Information for risk aSSeSSMENTt ... e
700 I N 7Y 4 U = USRI S0 sSSP
5.1.2 Information for establishing assessnient criteria...
5.2 Determination of limits of machinery (useraspects)............
5.3 Hazard identifiCation ...y

5.3.1  General concept for identifying ergonomic hazards
5.3.2  Determination of hazards\based on essential characteristics and

capabilities of intended/operator population ... e, 9
5.4 RISK @STIMATION .ottt
54.1 General.......So7......
5.4.2  Risk estimation;tools
5.5 RISK @VAIUATION...... 0o
5501 GOIIETAL e
5.5.2  Evaluating the risk reduction achieved by the application of
€rgonoOMIC PIINCIPLES ..o

5.5.3 Comparison of ergonomic risks

6 Risk reduction — Design SUIAANICE. ...
6.1 GEIAETAL ...
6.2 Risk reduction — Human variability ..........c......
6.3 Risk reduction — Posture and movement space..
6.4 Risk reduction — Work rate and pattern.............
6:5 Risk reduction — Human error ...,
6.6 Risk reduction — Operator/machine interface...........sinns
6.7 Risk reduction — Workplace environment.............oooooooooooooooooooeecceeeeeeeeoeeoeeeeoeeeeeeeeeeeeeeeeee
6.7.1  General

6.7.2 A R T 1 I = Vot /o) o=

6.7.3  AUAITOTY FACTOTS ..ot

6.7.4  Vibration factors..

LT85T N 4 V=) 000 T U i U 0 ) oSS
7 Verification of safety reQUITeMIENTS ... 19
Annex A (informative) Standards dealing with ergonomics relevant to machinery design............... 20
Annex B (informative) Work system and machinery design ... 24
Annex C (informative) Ergonomics standards for specific applications ... 30
Annex D (informative) Example of part of the implementation of the ergonomic factors............. 31

© 1S0 2016 - All rights reserved iii


https://standardsiso.com/api/?name=5fdb07c2c1384b69bb8c14c7c3337952

ISO/TR 22100-3:2016(E)

BIDIHOGTAPIY ... 35

iv © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=5fdb07c2c1384b69bb8c14c7c3337952

ISO/TR 22100-3:2016(E)

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 m
electrotechnical standardization.

atters of

The procedures used to develop this document and those intended for its further mainten|
dpscribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeedé
djfferent types of ISO documents should be noted. This document was drafted in accordance
eflitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ttention is drawn to the possibility that some of the elements of this documént'may be the s
htent rights. ISO shall not be held responsible for identifying any or all such/patent rights. [

o LT >

h the [SO list of patent declarations received (see www.iso.org/patents).

Ay trade name used in this document is information given for the.convenience of users and
cpnstitute an endorsement.

Fpran explanation on the meaning of [SO specific terms and ekpressions related to conformity asg
a$ well as information about ISO’s adherence to the World*Trade Organization (WTO) principl
Technical Barriers to Trade (TBT) see the following URL Www.iso.org/iso/foreword.html
T

he committee responsible for this document is ISO/TC 199, Safety of machinery.

I§0/TR 22100 consists of the following parts,qanider the general title Safety of machinery — Rel
With ISO 12100:

— Part 1: How IS0 12100 relates to type-B and type-C standards
- Part 2: How ISO 12100 relates to)ISO 13849-1

- Part 3: Implementation gf-ergonomic principles in safety standards

Ance are
d for the
with the

ubject of
etails of

hy patent rights identified during the development of the document will be'in the Introduction and/or

does not

essment,
es in the

tionship
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Introduction

The primary purpose of this document is to provide designers with an overall framework and guidance
for decisions about ergonomic aspects during the development of machinery, to help them design
machines that are safe for their intended use. As mentioned in ISO 12100:2010, 6.2.8, failure to follow
ergonomic principles in design can result in the inadequate adaptation of machines to the capacities

and skill

s of the intended user population and hence place their health or safety at risk.

[SO 12100 describes an iterative process to reduce risks. This document describes the main ergonomic

factors i
design p

Mental (
inapproj

This dog
context

This doc
specified

hiluencing the safety of machinery and gives a Iramework Ior mcorporating them into th
focess.

riate manner or whose control devices are not clearly identifiable can lead to human-error.

f machinery design.

in ISO Guide 78.

Cognitive) aspects are also to be considered. For example, machines which are operated in gn

ument is intended to guide users to make effective use of ergonomics standards within the

iment will help both ergonomics and machinery standards writers to iricerporate the structute
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Vi
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Safety of machinery — Relationship with ISO 12100 —

Part 3:

Implementation of ergonomic principles in safety
standards

Scope

ves a framework for incorporating them into the design of machines by theintegration of iy

1
This document describes the main ergonomic risk factors influencing the safety’of machii
g
efgonomic principles relating to:

- avoiding stressful postures and movements during use of the machine;

- designing machines, and more especially hand-held and mobile-machines, which can be
easily;

- avoiding as far as possible noise, vibration, thermal effects;

=z

PDTE1 The health effects of noise, vibration and adverse thermal conditions are well-known an|
agldressed here. However environmental factors can intefact with machine design and risks arising f
fifluences are addressed in this document.

—

- avoiding linking the operator’s working rhythm to an automatic succession of cycles;

- providing local lighting on or in the maehine;

o =z

1 the safety of machine operation and this risk is addressed by this document.

- selecting, locating and identifying manual controls (actuators) so that they are clearly vi
identifiable and appropriately marked where necessary;

— selecting, designing and locating indicators, dials and visual display units.

—3

he approach is based on ISO 12100 with its iterative process to identify significant haz
¢duce risks.

—

Relevant steps.of this iterative process have been adapted to include ergonomic principles, and
ghidance.js given to apply standards dealing with ergonomics which are relevant for machiner
T
7

his<ddcument is intended for use by standards writers and designers of machinery. It can

hery and
nportant

bperated

d are not
rom such

OTE 2  Lighting of the machine or of the_surrounding workplace by the machine can have a significant impact

s5ible and

hrds and

practical
y design.

be used

Hen no relevant C-type standards are available.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

© ISO 2016 - All rights reserved
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3 Terms and definitions

For the p

urposes of this document, the terms and definitions given in ISO 12100 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— ISO Online browsing platform: available at http://www.iso.org/obp

31

ergonorn
study of
scientifi
of a syst
optimize

[SOURCE

3.2
ergonon

hazard afrising from the failure to adequately consider ergonomic principles’in machine design

Note 1 to

4 Strd

4.1 Geq

The risk
provides
whether
appropri
both the|
principlg

Figure 1
which ill

(includin

hics

human factors
discipline concerned with the understanding of interactions among human and other elements
b, and the profession that applies theory, principles, data and methods to design in order to
human well-being and overall system performance

: IS0 6385:2004, 2.3]
nic hazard
entry: For ergonomic hazards see also ISO 12100:2010, Table B.1, No*8.

itegy for risk assessment and risk reduction in relation to ergonomic hazards

neral

assessment process carried out by designefs in accordance with ISO 12100:2010, Clause b,
information that is required for the risk\evaluation through which decisions can be takgn
risk reduction is necessary. These decisions have to be supported by a qualitative or, whefe
ate, a quantitative estimation of thelrisk identified. This is to be met by taking into account
risks normally considered in machine design, and those arising from failing to consider the
s of ergonomics.

shows a schematic representation of the risk reduction process, derived from ISO 12100:201p,
Listrates how ergonomics ¢an be integrated into the iterative three-step risk reduction process
g references to the relevant clauses in this document).
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Determination of the limits
of the machinery (see 5.2)
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RISK ASSESSMENT according to Clause 5

v *

Hazard identification
(see 5.3)

This iterative risk reduction process shall be carried
out separately for each hazard, hazardous situation,
under each condition of use.

v

|

YES

Jussassssssssssssssanas
]

< .' Risk analysns H

L

v

Risk evaluation (see 5.5)

Gesssssssssssssnnnnnnnd®

NO

/’\re
other hazarfls

Has
the risk been

adequately reduced?®
(adequate risk reduction:
see Clause 6)

Can
the hazard
be removed?

Documentation
(see Clause 7)

END

~

ﬁrated

At each step of the iterative process: risk estimation, risk
evaluation and, if applicable, risk comparison.

Step 1

Risk reduyction by inherently
safe 'design measures

(see 6.2)

Can
the risk
be reduced
by inherently safe
design
measures?

YES

Application and implementation
of ergonomics principles
during the design process

Is the
intended

risk reduction
achieved?

Can
the risk
be-feduced by guards,
protective
devices?

YES

Step 2

Risk reduction by safeguarding
Implementation of comple-
mentary protective measures
(see 6.3)

Considering ergonomics
principles when protective
measures are applied

Is the
intended
risk reduction
achieved?

Step 3

AN

YES

Rial ks N
nSIFeatCHoOY

Can information for use Is the
YES the limits NO | (see 6.4) intended
be specified g risk reduction
again? achieved?

Information regarding addi-
tional ergonomic measures

@  The first time the question is asked, it is answered by the result of the initial risk assessment.

Figure 1 — Illustration of the integration of ergonomics into the iterative three-step design
process for risk reduction (based on ISO 12100:2010, Figure 1)
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4.2 Significant ergonomic hazards in relation to ISO 12100

Designs which do not take ergonomics into account can have potential consequences such as discomfort,
fatigue, musculoskeletal disorders, stress and human error (see 4.3). When these are identified as being
associated with the machine, they are relevant ergonomic hazards. Consequences such as discomfort
and fatigue can also lead indirectly to human error. If the potential consequences require specific action,
then these are significant hazards and are as important as those arising from mechanical, electrical
and other hazards (see ISO 12100:2010, Table B.1).

NOTE 1

Discomfort and fatigue are relevant warning signals, as they can lead to occupational disease or to

accidents|and can influence performance and quality.

NOTE 2
adequate

The term ergonomic hazard is used in ISO 12100 to describe hazards resulting from the fdilure

Table 1 shows an example comparing mechanical hazards with ergonomic hazards.

Table 1 — Comparison of mechanical and ergonomic aspects ofhazards

y consider ergonomics during the design process. For consistency this term is therefore retained in thfis
document.

[0

Work task: load/unload a machine

Location of hazard: machine loading area

Hazardp arising from the failure . .
. Mechanical aspects Ergonomic aspects
to hdequately consider
Origin offhazard Sharp edge Sustained awkward posture
Factors ipfluencing the risk Surface characteristics Space for movement restricted
Potential consequences Cutting Discomfort/Fatigue
Harm Injury, pain, bleeding Back pain, musculoskeletal disorderfs
Severity pof harm Light to serious darzage to health  |Light to serious damage to health
(reversible or chronic)

4.3 Pgtential consequences

4.3.1 General

Taking e
load on

Fgonomic principles intg-account in designing machinery helps to reduce the mental or physic

these principles when allocating functions to operator and machine in the basic design.

As outlined in ISO 12400; failure to consider these principles can have potential consequences f

the heal
consequ

h, safety and performance of the operator. Table B.1 of ISO 12100:2010 lists some of thes
bnces, which are described below.

4.3.2 Piscomfort

Discomfort refers to a lack of comiort, to a mental or physical uneasiness that 1s Iess 1intense and less

he operator. In turnthis reduces strain and improves efficiency. It is important to consid¢

localized than pain. On the contrary, comfort gives or brings aid, support, satisfaction. Comfort refers
to a condition furnishing mental and/or physical ease. Sustained discomfort can lead to

— lack

of attention or concentration (distraction),

— ill-health,

— absenteeism,

— decreased productivity — both qualitatively (with more discarded items) and quantitatively, and

— accidents.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=5fdb07c2c1384b69bb8c14c7c3337952

ISO/TR 22100-3:2016(E)

Important aspects contributing to discomfort are

— awkward postures or sustained (static) postures,

— heavy physical work,

— repetitive movements,

— accessibility e.g. reaching distances,

visual comfort, e.g. lines of sight, colour, visibility, light intensity and direction, viewing distances,

o =z

=<

fq

- surface contact e.g. shape, temperature, ease of contact,
- vibration (whole body and hand-arm),

- noise e.g. intensity, frequency, duration, pattern,

- climate/environment e.g. air temperature, wind speed (draught), relativée humidity, clothing,

- odours e.g. fumes,
- inadequate cooperation or communication between operators. during machine operation,

- balance between activity and inactivity; between vigilance and inattentiveness.

3.3 Fatigue

htigue is a state of impaired performance capability’ which can result from current or pfreceding

hysical and/or mental activities. Fatigue can be~pliysical or mental, general or local. The
hy fatigue depends on the intensity, duration and‘temporal pattern of these activities. Recov]
tigue requires rest periods with sufficient, tifne for recuperation.

Ihportant aspects contributing to fatigue-are:

- type of workload, e.g. mental or physical;

- intensity of the workload, e.g. Weight to be moved, complexity of information to be proces;
- repetitiveness of task ¢omponents (highly repetitive tasks can be more fatiguing);

- time for recovery €.g-rest breaks.

OTE As well gs-variation in mental and physical capabilities between different operators, the cg
an individual gpérator and therefore their susceptibility to fatigue and other effects will vary over ti

3.4 Musculoskeletal disorders

useuloskeletal disorders can be either acute or chronic. Acute disorders usually arise fr
rimof muscle overload, with work which is either too demanding, or with other characteris

bxtent of
ery from

ed;

pabilities
me.

bm some
tics such

as sudden onset, which can tear or strain muscles or other sort tissue structures.

Chronic disorders usually arise from sustained or repeated demands which exceed the body’s
recovery and repair mechanisms. In some instances, unaccustomed activities create a hazard and an
introductory or learning period can be beneficial.

Some disorders can be either acute or chronic in origin. For example, some tendon problems can arise
from a short-term overload (acute) or a more sustained period of repeated activity.

Static loading (force application without movement) can also be problematic as muscle movement is an
essential part of the recovery and repair process.
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Important aspects contributing to musculoskeletal disorders:

— force requirements (are related to the size of the body part involved, with larger muscles being
generally capable of higher forces);

— frequency of movements (smaller body parts such as fingers are naturally better suited to rapid

mov

ements than larger joints such as the shoulder);

— duration of force application (the greater the force, the less time it can be sustained for, especially
without movement);

— posi
anaf]
shoy

— rang
mov|
exp§

NOTE
temperat

4.3.5 ¢

4.3.5.1

The ternpinology relating to “stress” is often both confused andconfusing. In some instances, the ter

is used i
person (
impactr
outcome]

When us
harmful

definitior an adverse consequence.

Both fat
However
psycholg
countrie

NOTE 1

NOTE 2

4.3.5.2

In a safe

fion of body parts - posture - (body parts are more resilient when working close to,the
omical neutral position, such as with the arms by the side rather than raised abeve"th
lders);

e of joint movement (as a rough guide, remaining within the middle 50 % ofithe range
ement is preferable and the more extreme a movement or posture the more strain will &
rienced).

External environmental loads, such as vibration (hand-arm or wholesbody) or extremes
lire may need to be taken into account. This document does not cover noise/and vibration requirement

btress

General

n the equivalent manner to the engineering use of,the term, to reflect the loads placed on
vith the outcome regarded as ‘strain’). In others, these are referred to as stressors, with t}
pgarded as stress. Still others term the loadsias pressure - again with stress as the potenti

ed in the engineering sense, the term.is essentially neutral and stress can be beneficial
depending upon its characteristics:;In other instances however, stress as an outcome is, &

gue and discomfort, addressed above, can be caused by physical and psychological stressor

although the volume of work can be a contributor to psychological stress it is more usual
gical factors which combine to give rise to the negative outcome. For this reason in son
5, to avoid any confusion, the term “psychological stress” is used instead.

Psychological stréssors can also aggravate existing fatigue and discomfort.

Psychologicdl stress is sometimes referred to as mental stress.

Psychological stress

ty-of machinery context, it is likely to be issues such as the complexity and variability of th

ir

v

a

y

g

e

tasks required of operators and others, together with cognitive factors such as requirements for
sustained attention and the probability and consequences of errors which contribute to any risk.

Important aspects contributing to psychological stress, which can be influenced by the design of the
machine, include

— complexity of task,

— variability of task,

— time

constraints on performance,

— cognitive resources required,
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— multitasking vs. serial task performance,

— probability of errors,

— consequences of errors,

— design of interfaces (e.g. displays, signals and controls),
— requirements for sustained attention,

— repetitiveness of task performance,

— intensity of workload, and
— temporal pattern of workload.

The general factors which contribute to the overall burden of psychological stress\can be groy
six broad categories:

demands (not being able to cope with the demands of the job);
control (not having sufficient influence over how work is done);
support (not having sufficient support from colleagues and stperiors);

1
2
3
4) relationships (being subjected to unacceptable behaviouxs);
5) role (not understanding roles and responsibilities);

6

change (not being involved and informed in organisational changes).

owever, central to the concept of psychological stress, and a major mediating influence over
e demands placed on an individual become ‘excessive, is the idea of the individual ‘copi
e demands placed upon them. Thus, psychological stress develops when work demands o
types and combinations exceed the person’s capacity and capability to cope. The consequencs
nsiderable including poor mental wellbeing, anxiety or depression as well as contributing to
il]-health.

=

(o)

4/13.6 Human error

Human error, which can‘be expressed as a discrepancy between the human action taken or
and that intended or ‘required is a very complex field, with many different approaches to
and classifying errers. In a safety of machine design context, the focus turns to the pote
hiiman error by the designer, in failing to adequately ensure that controls or displays can b
ahd unambiguetisly identified and operated correctly in accordance with operator expg
(qtereotypesy.

I} essence, errors can occur when a person does something he or she should not (e.g. oper
wrehg control device) or does not do something he/she should (e.g. spot a warning signal). How

ped into

whether
ng’ with
[ various
bs can be
physical

omitted,
defining
ntial for
e clearly
pctations

hting the
ever, the

c \mp]m{ifipc increase when the pnqqihi]i‘ripc are F-Yp]nrpd further Thus was the wrong contr

1 device

activated, the right one operated wrongly, the right one operated at the wrong time, and so on. Do the
consequences arise from the failure to operate the right control device — or the operation of the wrong
one? The likelihood of error is also influenced by additional factors such as work demands or pressures,

sustained vigilance, monotony, etc.
Some important machine design aspects contributing to human error are
— selection of inappropriate display designs (e.g. digital or analogue displays),

— inappropriate control design (e.g. small devices to be operated by gloved hands),

— inappropriate control-response relationships (e.g. direction of control movement in relation to the

movement of the machine),
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— poorly identified control devices or displays (e.g. inadequate labelling, wrong colour coding),

— poor layout of control devices (e.g. insufficient space between devices), and

— poor layout of displays (e.g. viewing angle from operating position).

This list presents aspects through which poorly considered design can increase the risk of human error
and avoiding these through good design will improve machine safety.

5 Incorporating ergonomicsinto the risk assessment process

51 In

51.1 ¢

5.2 to 5
accorday

Because

formation for risk assessment

Feneral

.5 describe the steps for incorporating ergonomics into the risk assessSment process
ce with ISO 12100:2010, Clause 5.

ergonomics deals with interactions between people and other elements of a system, speci

attentiog should be drawn to the overall work system (see ISO 6385),Cwhich is the basis for th

determi

512 1

ation of the limits of the machinery [see ISO 12100:2010, 5.2 d)‘and 5.3].

nformation for establishing assessment criteria

The det
— phy
— men

Essentia

ing assessment criteria requires knowledge of the téchnical design of the machine and tH
istics and capabilities of the intended operator population including their experience ar
ith similar machines.

ions and their limits;

n interfaces with different parts of the machine.

mination of the characteristies of the operator population is based on
ical limitations (staturé, veach, strength, vision, etc.), and

al ability (educatién; training, experience, etc.).

information forrisk assessment is required relating to

— the flunctionality of the machine,

— the ¢

llocation of function between manual and automated processes,

n

d

— thej

pbftask elements),

— the human/machine interface characteristics,

— where the machine will be installed,

— how

the machine will be used (including maintenance) and removed,

— information for training of personnel, and

— production and maintenance procedures.
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5.2 Determination of limits of machinery (user aspects)

Risk assessment starts with the determination of the limits of the machinery, which includes taking

into account the characteristics and capabilities of the intended operator population.

NOTE The limits of machinery can be part of the contract between the supplier and user of a machine.

5.3 Hazard identification

5 2.1 Val 1 + £, el Y v LI |
Ja. L UTIITIAI CTUIILTPUIUT TUTIIIIyIIlg CI gUIIVIIIIT IIdZ4dlus

Human error, musculoskeletal disorders, stress, discomfort and fatigue are potential (cons¢
Fising from ergonomic hazards which result from the failure to adequately consider erg
iring the design process [see [SO 12100:2010, 5.4 a) and 5.4 c)].

p— [«

mportant ergonomic risk factors to be taken into account include
— human variability,

— posture and movement space,

— work rate and pattern,

—+ human error,

— operator/machine interface, and

—+ workplace environment.

Dletailed information relating to the determination of hazards based on the essential chara
hd capabilities of the intended operator population is given in 5.3.2.1 to 5.3.2.7.

o8]

9]}

3.2 Determination of hazards based’on essential characteristics and capabilities of in
perator population

=)

%) 1

3.2.1 General

)

hrticular attention is drawn to the following seven ergonomic aspects of machinery des
§0 12100:2010, 6.2.8) that' should be considered when identifying hazards:

p—

a) forces, postures;and movements during use of the machine;
b) operability,or controllability of the machine, especially hand-held and mobile machines;
c] envirgninental effects of the machine and its surroundings (e.g. noise, vibration, thermal);

d) operator’s working rhythm linked to an automatic succession of cycles;

bquences
onomics

rteristics

tended

ign (see

el—integral task lichting (on or in the machine):
J [=] (=] O\ J7

f) selection, design and location of control devices;

g) selection, design and location of indicators, dials and visual display units.

In order to help address these aspects, this document describes six important ergonomic risk factors
that need to be considered. Each factor is relevant to one or more of the above ergonomic aspects. The
main links between these factors (1 through 6) and the aspects a, b, ¢, d, e, f and g relating to them are

described in the text below and summarized in Table 2.
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Table 2 — Link between ergonomic risk factors and ergonomic aspects

Ergonomic risk factor Ergonomic aspects of machinery design

1) Human variability a) Forces, postures and movements during use of the machine

b) Operability or controllability of the machine, especially hand-held and mo-
bile machines

2) Posture and movement |a) Forces, postures and movements during use of the machine

space b) Operability or controllability of the machine, especially hand-held and mo-

bile machines

d) Operator’s working rhythm linked to an automatic succession of cycles

3) Work fate and pattern |d) Operator’s working rhythm linked to an automatic succession of cycles

4) Humah error c¢) Environmental effects of the machine and its surroundings (e.g. noise, vibra-
tion, thermal)

e) Integral tasklighting (on or in the machine)
f)  Selection, design and location of control devices

g) Selection, design and location of indicators, dials and ¥isual display units

5) Operator/machine f)  Selection, design and location of control devices

interfacq g) Selection, design and location of indicators, dials'and visual display units

6) Workplace environment |c) Environmental effects of the machine and’its surroundings (e.g. noise, vibra-
tion, thermal)

e) Integral task lighting (on or in the machine)

NOTE General ergonomic design standards are listed in Annex A, see Table A.1.

5.3.2.2 | Human variability

«

Human Qeings differ widely in their attributes. When addressing this variability in the design proceg
the main|factors to be taken into account are physical dimensions, strength (and stamina). These should
be consiglered by taking into account genders body dimensions and build, age, body weight and physical
strength| and disabilities. Psychological dr cognitive factors may also need to be considered depending
on the nature and function of the machine being designed (e.g. skills and experience).

Body dinmpensions can vary between different populations, more usually between countries from differept
parts of the world but, particularly in some larger or more diverse countries, from region to region.

Age-relafed adverse effects’can be partly compensated by training and/or assistive technology. Othé¢r
adverse leffects of age_ean’be compensated by operators adopting different strategies. Older peop|e
generally have more €xpérience and higher decision-making capabilities than their younger peers.

Individupl performance (e.g. vigilance) and capacity will vary not only with age, but also throughout{a
working|day with generally poorer cognitive performance as fatigue develops.

NOTE 1 | %mpparticular instances it can be appropriate to consider health-related impairments, e.g. reduction |n
grip strength due to osteoarthritis, operators with pacemakers etc.

NOTE 2  The impact of some aspects of human variability can be modified or offset. For example: strength can
be increased (by physical training); additional skills can be gained.

NOTE 3  Standards dealing with significant hazards associated with human variability are listed in Annex A,
see Tables A.2 and Table A.3

5.3.2.3 Posture and movement space

The space necessary for the operator(s) postures and movements needed for machine operation should
be taken into account in any design process.
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Sustained working postures, such as sitting, standing, trunk bending, kneeling; together with tasks
requiring the arms to be used above shoulder height can be critical if the posture is sustained or
repeated for long periods. Twisting movements or extreme positions of the hand or arm, as well as
repetitive body movements, especially where they involve the application of forces, should be avoided.

Sufficient space for movement is one of the basic principles in machinery design to prevent accidents
and occupational diseases e.g. musculoskeletal disorders. Restricting movement can potentially be as
harmful as requiring too great a range of movement. Appropriate body movements are indispensable to
avoid physical stress and strain.

thropometric data for the intended operating population and knowledge of their work flasks are
therefore important factors in identifying potential hazards arising from any mismatch béetyeen the
djmensions of the human body and the size and dimensions allowed for in any machinedesign

I should be remembered that worker’s tasks are not limited to regular machine eperating fiinctions.

aintenance, troubleshooting, repairing and installing machinery are important\tasks to congider and
cqn give rise to risks. The need for access to danger zones for maintenance;)lubrication angd setting
should be minimized. However, if needed, factors such as the access space and postures required to
r¢ach machine parts for these tasks should be taken into account during4he design process.

NOTE Standards dealing with significant hazards associated with posture and movement space arE listed in
Ahnex A, see Table A 4.

5(3.2.4 Work rate and pattern

The work rate is a flow that describes the number of pieces per time unit measured at one operator’s

orking station. There are benefits in providing the operator with some control over this rate plthough
this is clearly not always possible (for example in complex production lines involving several dperators
working at different stages in the process). When non-adjustable by the operator(s), therel is more
pptential for the work rate imposed by the maghine to cause problems, either because of the rate itself,
of due to the absence of personal control.

The most common types of harm when the physical work rate is too high and/or not controllahle by the
operator and if recovery periods are@bsent or too rare, are musculoskeletal disorders (see 43.4), and
ppychological stress (see 4.3.5).

Ip addition to potential physical work rate hazards, the designer should also consider the mental or
gnitive demands placed‘on the operator such as information acquisition; cognitive procegsing and
decision making requirements.

(o)

Ipformation will be.presented to the operator through a number of sensory channels including sight,
hparing and toueh-as well as, less commonly, smell or taste. Visual information might be|through
dpsigned displays’(e.g. conventional dials or human machine interface) as well as observing the position
ahd status.oftthe machine or parts of the machine itself and its surroundings (sometimes referred to as
“feal” displays). Similarly auditory information might comprise warnings or indicators incofporated
nto thesmachine - or the sounds made by the machine itself.

—

This’/sensory information has to be mentally processed and evaluated, and the mental dempnds are
related to the number and the complexity of these operations.

Each single component of these various work rates is easily determinable (and often measurable).
However, the final work rate is sometimes more complex as it can result from the combination and
interaction of multiple demands. When these demands are perceived as too high by the operator, they
can lead to negative physical or psychological reactions.

NOTE Standards dealing with significant hazards associated with work rate and pattern are listed in
Annex A, see Table A.5.
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5.3.2.5 Human error

If the ergonomic factors influencing attention and concentration are not taken into account by
machinery designers, the risk of unintended behaviour of the operator or reasonably foreseeable
misuse of the machine occurs (see also ISO 12100:2010).

Machinery operations which result in very rapid or highly repetitive cyclic operations can increase
the risk of human error. Similarly, operations requiring intense concentration or sustained attention
(including those involving very long cycle times) can also increase such risks.

NOTE 1 [Tighting, cHrate, TIoiSe and odours are Oter factors tiat calr affect COTCEemration and tead o
human eqror.

The morf effort (e.g. processing capacity) the operator expends on the task, the less capacity remains
availablg for other tasks or circumstances that may demand attention leading to human error.

Vigilanc¢ requires attention and describes an individual’s state of alertness, watchfulness and
preparedness to attend to critical information that is not yet present. Vigilance decreases the longer the
period of supervisory duty (the decline begins to be evident after the first 30 min);

Attentioh and vigilance are not constant and can be impacted by environmental factors such as noige
and temperature.

NOTE 2 | In this clause, it will be assumed that the term vigilance corresponds to a sustained concentratign
ability.

Task factors such as frequency of signals can affect performance on attention and vigilance tasks. |A
low numbper of critical signals significantly reduces performance (expressed in reaction time) during|a
vigilancg task. More non-critical signals per minute resultsin greater distraction and greater difficulty
in identifying critical signals.

NOTE 3 | Standards dealing with significant hazards associated with human error are listed in Annex A, s¢e
Table A.6

5.3.2.6 | Operator/machine interface

The opettator/machine interface is mainly made up of control devices and displays which provide ways
of contrqlling what the machine does-and provide the means for the operator to get information on the
status of the machine. Failure toadequately consider the design of the interface can mean a machine fis
difficult [to operate correctly and-this can result in errors. The physical characteristics — shape, siz
placement, etc. — are important, as is the way in which the control devices and displays have to be use
Control ¢levices and displaysthat are easy to use and understand are more likely to be used properly
and less|likely to give €is& to significant hazards. For example control devices that require excessiye
force cam cause musele fatigue, and/or be misused; displays that are difficult to interpret or are npt
very visilt)le can giverise to visual fatigue and/or be misread.

-

=

NOTE Standards dealing with significant hazards associated with operator/machine interface are listed |n
Annex A, see Table A.7.

5.3.2.7 Workplace environment

The environment in which the machine is to be operated is an important consideration, not just for
the integrity of the machine itself but also because of the potential impact on the operator. Failure to
adequately consider the foreseeable operating environment can create hazards.

EXAMPLE1 A machine designed for use outside should have displays which take into account the fact that
they might need to be read in full sunlight or at night.

EXAMPLE 2  Auditory warnings should accommodate the frequency and level of likely background noise to
ensure audibility and attention-gaining (without contributing to noise dose).
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The effect of the machine and its operation on the surrounding environment will often be within the
control of the designer and consideration should be given to the potential impact of possible emissions
(noise, vibration, dust, heat, fumes, etc.) on the operator.

EXAMPLE 3  Control devices requiring a high degree of fine motor coordination will be difficult to operate
precisely with high levels of vibration.

NOTE Standards dealing with significant hazards associated with workplace environment are listed in
Annex A, see Table A.8.

ol4 RiIsK estimation

9]}

4.1 General

he risk estimation which is generally described in ISO 12100:2010, 5.5, is based.on the risk elements
everity of harm” and “probability of occurrence of that harm” and has to_be“€arried out|for each
‘gonomic factor mentioned in 5.3.1 which influences the risks. ISO/TRy14121-2:2012, (lause 5,
ves general guidance on the risk estimation process. Since discomfort,fatigue and musculpskeletal
sorders are significant consequences arising from ergonomic hazards;the factors influencing the risk
kplained in 5.3.2 are the basis to estimate ergonomic risks.

2 3

7N

® 009 @

ODTE 1 One of the aspects to be considered during risk estimatiofi is human factors (see 1SO 12[100:2010,
5.3.4.).

=

=z

OTE2 1SO/TR 14121-2:2012, 5.4.3, gives guidance on the probability of occurrence of cumulative hprm.

5|4.2 Risk estimation tools

I order to support a risk estimation process, the'risk estimation tools stated in ISO/TR 14121-2:2012,
Clause 6, may be used, or others e.g. human errer analysis techniques, fault tree analyses.

5{5 Risk evaluation

5.1 General

br risk evaluation, see IS0«12100:2010, 5.6. As shown in Figure 1, the extent of the risk reduction
Chieved should be evaluated after applying each of the three steps of risk reduction des¢ribed in
ause 6.

o » 1 9] 1

9]

5.2 Evaluating-the risk reduction achieved by the application of ergonomic principles

3]

bllowing the‘application of the iterative three steps, adequate risk reduction can be regarded|as being
Chieved wheén

QO

- allloperating conditions and all intervention procedures have been considered,

— “the variability within the characteristics of the intended users of the machines has been considered,

— the ergonomic aspects of hazards (see for example Table 1) have been eliminated or ergonomic risk
factors (see Table 2) reduced to the lowest practicable level,

— any new ergonomic hazards introduced by the protective measures have been properly addressed,
— operators are sufficiently informed and warned about the residual risks, and

— the protective measures do not adversely affect the operator’s working conditions or the usability
of the machine.
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5.5.3 Comparison of ergonomic risks

As part of the process of risk evaluation, as described in ISO 12100:2010, 5.6.3, the risks associated
with the machinery or parts of machinery can be compared with those of similar machinery or parts of
machinery, provided the criteria specified in ISO 12100 apply. In addition to these criteria the following
criteria relating to ergonomic aspects are also applicable:

— bothmachinesareintended tobe used by operators with comparable characteristics and capabilities;

— both machines are used in similar working environments.

6 Riskreduction — Design guidance

6.1 Gdneral

Risk re

ction in an ergonomic sense can best be achieved by inherently safe design. This can h

developgd through the incorporation of ergonomic design principles into the design (or modification)
the macljine. Annex A lists standards which provide guidance on how to incorpotate relevant principlg
into machine design to reduce these risks.

Subclauges 6.2 to 6.7 identify important technical issues for risk reduction. Each highlights th

ergono
that nee

NOTE
aspects o

ic factors influencing the risk, gives an indication of the main dspects relating to these factor

to be considered and provides some design guidance to reddce risk.

The division of information into these separate clauses isnot'necessarily distinct and can overlap, e
f human variability, posture and movement space, human-€rror and operator/machine interface are g

relevant o control design.

Annex A
Table A.1]

[t is imp
presents

Annex C
system i

Annex D
in the de

6.2 Ri

To what
of the ma

Importa
include

presents a reference list of ergonomics standards which provide additional information. Se
| for a list of general ergonomic design standards.

prtant to consider the work system as.this can influence the design of the machine. Annex
some factors from the work systemwhich might need to be taken into account in the design,

presents a list of some ergonomics standards for specific applications: control centres, humg
hteraction and mobile machinery.

sign of an interactive-control element for a CNC milling machine.
5k reduction -~Human variability

ichines?

ht practical issues to be considered, many of which are influenced by both gender and ag
hefollowing.

presents an example ofpart of the implementation of the ergonomic factors listed in 6.2 to 6|7

extent willithe risks be affected by variability within the characteristics of the intended user

e
bf
S

=1S]

€,

— Body size and weight (relevant for, e.g. reach distances, clearances, work surface height, support
surfaces)

Design guidance: If these factors are likely to affect the safe and effective use of the machine, can
the workplace dimensions be adjusted in such a way that they are suitable for different body sizes
and dimensions?

— Strength and stamina (relevant for e.g. control operation forces, component weights, frequency
and duration of operation)

Design guidance: Where forces have to be applied these forces should be within recommended
force limits.

14
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— Mobility and dexterity (relevant for e.g. accessibility of work space, manipulative tasks)

Design guidance: Requiring an unusually high degree of mobility or flexibility will restrict the range

of users for whom the design is suitable, especially amongst older workers.

— Sensory capabilities, especially hearing, visual acuity, colour perception (relevant for e.g. warning

signal detection, use of colour for safety status)

Design guidance: Warning signal design should take the characteristics of human hearing (and
the range of variation in that hearing amongst the intended users) into account. Correct colour

displays.

to be included for means for them to acquire such skills (training, etc.).

a
will affect dexterity.

Ti

djmensions and strength).
D

b

e needed where they are part of the intended user population.

.3 Risk reduction — Posture and movement space

14ck of motion and body postures beyond the usual upright or seated body postures are prevented?

= =

t¢ be considered include,the following.

—+ Range of movement of limbs (relevant for, e.g. layout of control devices, reach envelope)

function, even where some are used less frequently.

6
Dlo space constraints (e.g. around the opérating position) require operators to adopt adverse postures
of present a risk of inadvertent contrel-operation? Is the workplace dimensioned in such a wpy that a

—demntificatiomrshoutd-motbereted-omrasthe oty mrearsof recogmizing or identifytmgcontrols or

—+ Knowledge, experience and skills (relevant for e.g. education, instruction manuals,faulf finding)

Design guidance: If a particular level of cognitive ability is necessary for safe epération, thjs should
be made clear. If safe operation depends on operators having particular skills; arrangemgnts need

I operators are required to wear personal protective equipment (PPE}; the impact (includigg health
igsues) of wearing PPE or other work clothing should be taken into account, e.g. wearing a Hreathing
bparatus will affect body size and weight, restrictive clothing can.mpair mobility, and wearipg gloves

hbles A.2 and A.3 provides a list of ergonomic design standards relevant to human variability (physical

ata for particular groups such as children, elderly people and people with restricted capabiljties may

he characteristics of the intended users of the machine and the variability of these charag¢teristics
hve a significant impact onithe design of work space (and hence the working postures adogted) and
the movement space requised. In addition to those issues listed in 6.2 other important practidal issues

Design gtiidance: The layout of control devices should generally reflect the frequency of usg of those
devices\(Wwith the exception of emergency stop devices which should always be readily acfessible).
Thosesdsed most often should be closer to hand and less used control devices further out in the
reach envelope. However, this should not exclude grouping sets of devices relating to a pprticular

— Space to manipulate tools and component parts (relevant for e.g. maintenance and setting up

operations)

Design guidance: As well as being able to move body parts, the ability to move tools and machine
components is essential, especially for maintenance activities. Ensure adequate access to fastenings

to reduce the risk of them being incorrectly tightened with adverse safety consequences.

© ISO 2016 - All rights reserved

15


https://standardsiso.com/api/?name=5fdb07c2c1384b69bb8c14c7c3337952

ISO/TR 22100-3:2016(E)

Table A4

6.4 Ri

Has the
operator]

Designel]
These iss

Importa
the folloy

Provision of access to machinery and equipment (relevant for e.g. ladders and stairways, access
hatches)

Design guidance: Ensure adequate provision of a safe means of access and egress to reduce the risk
of injury to the operator or damage to machinery, for example, through the operator using machine
components as steps or handholds.

Viewing angles, lines of sight, viewing distances (relevant for e.g. mobile plant, placement of
displays)

Desg

degf
the

advd
pool

Wor

Des
elem
with

Inte
task

Desi
are

necq
body

The

highlly repetitive tasks)

Des
incly

aded performance. Ensure adequate fields of view for operators of mobile machinery to reduy
Fisk of hitting workers or objects. Other effects can include the operator needing to.adoj
rse postures in order to see sufficiently well, or taking shortcuts to compensate,Jeading 1
er quality output.

kplace layout (relevant for, e.g. arrangement of controls, parts of workstations):

gn guidance: Ensure that consideration is given to reducing the need t@ move between wot
ents, controls etc. Their spatial organization should not require rapid or excessive movemel
in the workplace, for example to perform successive tasks.

L provides a list of ergonomic design standards relevant to postuke and movement space.

5k reduction — Work rate and pattern

iworkflow at and with the machine been chosen in sugh a way that it can be managed by t}
s physically and in terms of time?

s need to take account of the potential impact\of the work rate and pattern on the operator
ues are of particular importance where individual operators cannot control their own work rat

ht practical issues to be considered, which can be influenced by both gender and age, includ
ving.

ractions between frequency, force and body part (relevant for, e.g. design of machine-pace
5, selection of type of controlidevice).

gn guidance: Ensure that’ activities requiring repetitive movements at high frequeng
performed by smaller<body parts which are better able to tolerate them. However it is al{
ssary to ensure thatany force required in performing these movements is low because smallg
r parts are less abléto exert higher forces without risk of injury.

scope for individual adjustment of work rate with machine-paced activities (relevant for, e.

gn guidance: Ensure that individual operators are able to adjust their work rate, for example &
ding buffer space within the production flow.

bt

k
Nt

n

le

T

y

Information acquisition and processing (relevant for, e.g. tasks requiring decision making, visual

insp

ection, process control)

Design guidance: Ensure that the rate of presentation of information takes into account the time
required to access and process that information and to decide how to proceed.

Table A.5 provides a list of ergonomic design standards relevant to work rate and pattern.

6.5 Riskreduction — Human error

Is there potential for human error when operating the designed machine? Has this been taken into
account in the design?

16
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Important practical issues within risk reduction to be considered on human error include:

Discriminability of control devices (relevant for, e.g.: panel design, mobile plant)

Design guidance: Ensure that the design avoids using rows of seemingly identical contro

| devices

which are not easy to differentiate. Wherever possible ensure that more than one modality is used

to differentiate between control devices, for example do not rely on labelling but use
shapes or colours as appropriate.

differing

Control-response stereotypes and other control characteristics (Relevant for, e.g.: all control

e

hble A.6 prowvides a list of ergonomic design standards relevant to human error.

616  Risk reduction — Operator/machine interface

es safe and effective machine npprnfinn rnly an rnpid and effective transfer of information

1 : hY
UCVILES)

Design guidance: Ensure that control movements take into account the natural expectati
movement or other response evoked for a particular movement of that control .device
response stereotype). Note that this expectation can vary between different population
there is a clear stereotype this should be used in designing a control deyice. Ensure
of a movement which is the opposite of a strong stereotype is avoided as ‘this will incr
probability of error.

Selection of appropriate display characteristics (relevant for e.g: all displays)

Design guidance: Ensure that where precise values are presented numeric displays ar
possible. In contrast, where dynamic information is presented analogue forms of dig
preferred. Ensure that information is displayed in a mahner which is unambiguous an
understood.

Layout of control devices and displays (relevant for e.g. complex panels)

Design guidance: Ensure that related control de¥ices and displays are arranged in a logical
e.g. by grouping them together. Where a number of devices are required, ensure that tho
are most frequently used are positioned where they can most easily be reached and that th
between them is sufficient to avoid the.risk of accidental operation.

bn of the
(control-
5. Where
that use
ease the

e used if
play are
1 readily

manner,
se which
b spacing

Ensure that different examples of the same type of machine adopt a consistent layout fofr similar

control devices. For example, in{fork-lift trucks, confusion can arise when the arranger
function of accelerator pedal$ varies between different vehicles.

Detection of fault conditions (e.g. warning signals and the identification of defects)

Design guidance: Ensure that where possible the design of the machine makes it easy 1
defects in operation. For example this might be achieved by the combination of visual ala
easily detectable“and discriminable auditory warning signals. As a second example, t}
special lighting’(colour, direction, intensity) can make it easier to detect product defects.

nent and

o detect
'ms with
e use of

between

the machine and the operator?

When designing the operator/machine interface, the characteristics of the operators should be taken
into account, including how they acquire and process information.

Important practical issues which should be considered are the following.

Information on displays readable from operating positions

Design guidance: Ensure that the design of the display (e.g. size, contrast, clarity) takes into account
factors such as the reading distance to the operating position and the environmental conditions in

which it is likely to be viewed (e.g. strong light, dust).

© ISO 2016 - All rights reserved
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— Control devices provide feedback to the operator

Design guidance: Ensure that control devices provide feedback when activated and that where
appropriate they provide an indication of the status of the controlled function.

— Avoiding need for operator to remember or process many pieces of information in parallel

Design guidance: Ensure that information is presented at a rate consistent with normal human
capabilities.

— Pro

Desi
corr

— Tria

Desi
valid

NOTE
and 5.5.3
intended

Table A.7

6.7 Ri

6.7.1 ¢

This sect
of the ma

NOTE
in others

EXAMPLE

in poor vi

Any env
distract
the adve
consider

Table A.§

6.7.2 Y

Does the

idinoe means for onerators to correct orrecover from their errors
(=] r

gn guidance: Ensure wherever possible that errors are readily identifiable and that how to
ect them is apparent.

lling designs so that operators will find them straightforward and easy to use

gn guidance: Ensure wherever possible that mock-ups or other devices are used to test and
Jate designs before finalisation.

The definition of the production process and its limits is based on EN 614-1:2006+A1:2009, 5.2.2(b
a and b. The description of the determination of the essential characteristics and capabilities of the
pperator population is described in EN 614-1:2006+A1:2009, 5.2.2 c.

| provides a list of ergonomic design standards relevant to thie operator/machine interface.
5k reduction — Workplace environment

reneral

ion examines effects of the workplace envirgnment which can have an influence on the design
ichine.

The issue of any direct health effects of/the emissions of the machine on the environment is address¢d
pecific guidance and standards, e.g. [SO 14123-1.

It does not consider design aspécts of visual displays but, if the machine is expected to be operatg¢d
sual environments these factorsiare addressed.

ronmental factor which makes operation of the machine unpleasant or uncomfortable cgn
the operator from their task or encourage them to rush the task to remove themselves from
rse effects. In addition to the specific issues outlined below the possibility of this should he
ed in the design.

b provides alist of ergonomic design standards relevant to the workplace environment.

Visual factors

machine rely on correct and accurate rendition of visual information for its safe and reliable

operation? Careful attention should be paid to factors such as the colour, intensity and directionality of

ambient

lighting and its impact on machine operation where this is the case.

Ensure that, if the machine is to be operated in un-illuminated environments, any need for
supplementary lighting is considered.

The visu

al field (field of view) is particularly important for mobile machinery. Any obstructions to this

view should be minimised.

Ensure t

hat the operator can see all that they need to see for safe and effective machine operation. If

not, consider providing additional devices such as cameras or sensors.
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6.7.3 Auditory factors

Does the machine rely on correct and accurate rendition of auditory information for its safe and reliable

operation?

Ensure that any warning signals are designed to be suitably audible and attention-gaining against

expected levels and frequencies of background noise.

If other machine sounds carry important operational cues consider providing additional (non-auditory)

cues if high levels of ambient noise might interfere with this function.

(=)

7.4 Vibration factors

[
n

machine operation likely to result in significant exposure to vibration? Do machineontrols
gh degree of fine motor coordination?

bnsider control designs less likely to be affected by the influence of vibration‘to offset any
fects.

o 0O =

6/7.5 Thermal factors

[

4 machine operation likely to result in significant exposure to high'er low temperatures?

hsure that, if the machine is likely to be operated in ambient¥€mperatures above normal ‘com
bnditions, or it is expected to generate adverse temperatuves itself, additional control meas
bnsidered to offset such effects, as elevated work temperatures can impair vigilance or
hility.

O a0 rm

hsure that, if the machine is likely to be operated in temperatures lower than normal con
gvels such that operators may need to wear gloves or mittens for protection, machine contro
e selected which are compatible with thistg“enable safe and accurate machine operation.

O =

~N

Verification of safety requirements

When concluding the iterative process, it should be ensured that the measures of Clause 6 h
irried out/implemented in the machine and demonstrated to be effective. The criteria giver

a = o

vided into two branches:

for the execution of practical tests, checklists can be helpful;

—+ testing ofidocuments — Are the instruction handbook and all instructions complete in
ergondmic basic requirements?

"equire a

adverse

fortable’
ures are
fognitive

1fortable
| devices

hve been
1 in 5.5.2

1} combination with ISO 12100:2010, 5.6.2 can be used for verification. In practice, the evaluation is

— practical tests > [s the machine actually built in consideration of all ergonomic requirements? —

terms of
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Annex A
(informative)

Standards dealing with ergonomics relevant to machinery design

Tables

ergonom

Those stfandards of most relevance are listed in full. At the end of each table, other standatds whig
imited further information are listed by number.

provide

Not all
informatlion which may be of value to designers.

pf the standards listed are directly addressed to machine design, however, they conta

Table A.1 — General ergonomic design standards (see 6.1)

1to A8 prnvidp lists of some international rpgimml and other standards for each of the

ic risk factors. Where a regional or other standard uses a different number to the Internation
Standard published by ISO, even though it is identical in content, this is also listed.

|

1

h

International Standards

Regional or other standards

ISO 638Y:2004, Ergonomic principles in the design of
work systems

SO 2680
principle

0:2011, Ergonomics — General approach,
b and concepts

EN 614 -1/Safety of machinery — Ergonomic design prin-
ciples *= Part 1: Terminology and general principles

EN>614-2, Safety of machinery — Ergonomic design
principles — Part 2: Interactions between the design of
machinery and work tasks

CEN/TR 614-3, Safety of machinery — Ergonomic princ
ples for the design of mobile machinery

ANSI B 11 TR 1, Ergonomic guidelines for the design,
installation and use of machines

Seealso |

b0/ TS 18152.

Table A.2—~Human variability — Physical dimensions (see 6.2)

Internatienal’Standards

Regional or other standards

1SO 1473B:2002, Safety‘of machinery — Anthropo-
metric rdquirementsfor the design of workstations at
machinety

ISO/TR 74250+2:2010, Basic human body measurements
for technplegical design — Part 2: Statistical summa-

ries of body measurements from national populations

ISO 7250-3:2015, Basic human body measurements for
technological design — Part 3: Worldwide and regional
design values for use in 1SO equipment standards

ISO 15537:2004, Principles for selecting and using test
persons for testing anthropometric aspects of industri-
al products and designs

See also ISO 7250-1; ISO 9355-3,-4; ISO 11064-4; 1SO 15534-1, -2,-3; ISO 11226; EN 614-1; EN 1005-1,-4.
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Table A.3 — Human variability — Strength (see 6.2)

International Standards

Regional or other standards

IS0 11228-1:2003, Ergonomics — Manual handling —
Part 1: Lifting and carrying

EN 1005-2, Safety of machinery — Human physical
performance — Part 2: Manual handling of machinery and

component parts of machinery

(Not identical to International Standard)

1SO 11228-2:2007, Ergonomics —Manual handling —
Part 2: Pushing and pulling

EN 1005-3, Safety of machinery — Human physical
performance — Part 3: Recommended force limits for

Tt .
ITIACrirreer y operutiornt

(Not identical to International Standard)

50 11228-3:2007, Ergonomics — Manual handling —
art 3: Handling of low loads at high frequency

|

EN 1005-5, Safety of machinery — Human physi
performance — Part 5: Risk assessment for repet|
handling at high frequency

(Notidentical to InternationalStandard)

ral
tive

See also ISO 15536-1; EN 614-1; EN 1005-1.

Table A.4 — Posture and movement space((sge 6.3)

International Standards

Regional or other standards

50 11226:2000, Ergonomics — Evaluation of static
orking postures

EN 1005-4Safety of machinery — Human physi
formance—Part 4: Evaluation of working postu
moveméits'in relation to machinery

(Not.identical to International Standard)

ral per-
res and

50 15534-1:2000, Ergonomic design for the safety of
nachinery — Part 1: Principles for determining the
imensions required for openings for whole-body acegss
ito machinery

EN 547-1, Safety of machinery — Human body m¢
ments — Part 1: Principles for determining the dir
required for openings for whole body access into n

(Content identical to International Standard)

asure-
nensions
hachinery

50 15534-2:2000, Ergonomic design for thesafety of
nachinery — Part 2: Principles for determining the
imensions required for access openings

EN 547-2, Safety of machinery — Human body m
ments — Part 2: Principles for determining the di
required for access openings

(Content identical to International Standard)

easure-
imensions

50 15534-3:2000, Ergonomig-design for the safety of
nachinery — Part 3: Anthrgpometric data

EN 547-3, Safety of machinery — Human body m
ments — Part 3: Anthropometric data

(Content identical to International Standard)

easure-

50 13857:2008, Safety-of machinery — Safety distanc-
s to prevent hazard-Zones being reached by upper and
pwer limbs

N~ —

ee also [SO-14738; ISO 11064-3; ISO 9355-2, 3,-4; ISO 14122-1, -2,-3,-4.

Table A.5 — Work rate and pattern (see 6.4)

nt ational-Standard
ITILCT 1T 1IusS

Regionalorotherstandards——
I\CBIUII

ISO 11228-3:2007, Ergonomics — Manual handling —
Part 3: Handling of low loads at high frequency

IS0 9355-1:1999, Ergonomic requirements for the de-
sign of displays and control actuators — Part 1: Human
interactions with displays and control actuators

See also IS0 11228-1, -2; IS0 9355-2, -3, -4; IS0 14738; EN 1005-1, -2,-3.
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Table A.6 — Human error (see 6.5)

International Standards

Regional or other standards

IS0 9355-1:1999, Ergonomic requirements for the de-
sign of displays and control actuators — Part 1: Human
interactions with displays and control actuators

ISO 1503:2008, Spatial orientation and direction of
movement — Ergonomic requirements

IS0 10075:1991, Ergonomic principles related to men-

tal work-feat——=6eneralterms-and-defritions—Part
2: Design|principles; Part 3: Principles and require-
ments coficerning methods for measuring and assessing
mental Workload)

7 o 2

ISO 7731:2003, Ergonomics — Danger signals for pub-
lic and wprk areas — Auditory danger signals

1SO 1142P:1996, Ergonomics — System of auditory and
visual dahger and information signals

EN 981, Safety of machinery — System(af duditory and
visual danger and information signals

(Content identical to Internatiohal*Standard)

EN 842, Safety of machinery.*=Visual danger signals —
General requirements, design/and testing

See also |

b0 1503; 1SO 9355-2, -3,-4; ISO 6385; IEC 61310; EN 614-1; EN 614-2.

Table A.7 — Operator/machine interface (see 6.6)

International Standards

Regional or other standards

IS0 9355-1:1999, Ergonomic requirements for the de-
sign of dikplays and control actuators — Part 1: Human
interactipns with displays and control actuators

EN 894~¥/Safety of machinery — Ergonomics require-
ments for the design of displays and control actuators —
Part\1: General principles for human interactions with
displays and control actuators

(Content identical to International Standard)

IS0 9355-2:1999, Ergonomic requirements for the
design of{displays and control actuators — Part2:
Displays

EN 894-2, Safety of machinery — Ergonomics require-
ments for the design of displays and control actuators —
Part 2: Displays

(Content identical to International Standard)

IS0 9355-3:2006, Ergonomic requirements for the de-
sign of dikplays and control actugters — Part 3: Control
actuator§

EN 894-3, Safety of machinery — Ergonomics require-
ments for the design of displays and control actuators —
Part 3: Control actuators

(Content identical to International Standard)

IS0 9355-4:2004, Ergonomic requirements for the de-
sign of dikplays and-eontrol actuators — Part 4: Loca-
tion and firrangement of displays and control actuators

EN 894-4, Safety of machinery — Ergonomics require-

ments for the design of displays and control actuators —
Part 4: Location and arrangement of displays and control
actuators

(Content identical to International Standard)

IEC 60447:2004, Basic and safety principles for
man-machine interface, marking and identification —
Actuating principles

EN 60447, Basic and safety principles for man-machine in-
terface, marking and identification — Actuating principles

IEC 60073:2002, Basic and safety principles for
man-machine interface, marking and identification —
Coding principles for indicators and actuators

See also ISO 7731; 1SO 11429 (EN 981); EN 842; IEC 60204-1; EN 614-1; EN 1005-4; EN 1005-5.

22

© ISO 2016 - All rights reserved



https://standardsiso.com/api/?name=5fdb07c2c1384b69bb8c14c7c3337952

ISO/TR 22100-3:2016(E)

Table A.7 (continued)

International Standards

Regional or other standards

[EC 61310-1:2007, Safety of machinery — Indication,
marking and actuation — Part 1: Requirements for
visual, auditory and tactile signals

EN 61310-1, Safety of machinery — Indication, marking
and actuation — Part 1: Requirements for visual, auditory
and tactile signals

IEC 61310-2:2007, Safety of machinery — Indica-
tion, marking and actuation — Part 2: Requirements
for marking

EN 61310-2, Safety of machinery — Indication, marking
and actuation — Part 2: Requirements for marking

1EC-61310-3:2007 Safetvofmachinory
4 T T J

Indication
T

Indication
T

harking and actuation — Part 3: Requirements for the

ENG61310_3 Safotuaofmachinory narking
4 T T J
and actuation — Part 3: Requirements for the {odation

and operation of actuators

I
Ipcation and operation of actuators
S

ee also [SO 7731; ISO 11429 (EN 981); EN 842; IEC 60204-1; EN 614-1; EN 1005-4; EN 1005-5.

Table A.8 — Workplace environment (see 6.7)

International standards

Regional or other standards

50 28803:2012, Ergonomics of the physical environ-
nent — Application of International Standards to

50 9921:2003, Ergonomics — Assessment of speech

I
1
Heople with special requirements
I
dommunication

EN 1837,8afety of machinery — Integral lighting
machines

of

50 11399:1995, Ergonomics of the thermal environ-
hent — Principles and application of relevant Interna-
fonal Standards

50 13732-1:2006, Ergonomics of the thermal environ*
nent — Methods for the assessment of human respons-
s to contact with surfaces — Part 1: Hot surfaces

50/ TS 13732-2:2001, Ergonomics of the thermal

psponses to contact with surfaces —{(Part 2: Human
ontact with surfaces at moderate temperature

50 13732-3:2005, Ergonomigs-of the thermal environ-
nent — Methods for the assessment of human respons-
s to contact with surfaces,— Part 3: Cold surfaces

I
1
t]
I
1
€
I
dnvironment — Methods for the assessmént of human
1
s
I
p
e
S

ee also [SO 11429; ISQZ731; ISO 11429 (EN 981); IS0 9355-2; ISO 6385; ISO 14738; EN 614-1; CEN/TR 614-3.
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Annex B
(informative)

Work system and machinery design

Annex B

design. T
main bo

Table B.1 — Aspects to be considered when designing machines

presents some aspects from the work svstem which migh‘r need to he taken into accountin the
he information given complements one or more of the ergonomics risk factors described int}
ly of the text (see also ISO 12100:2010, 5.4). In order to support work performance, designe
need to tlake the aspects set out in Table B.1 into account (there is no order of priority in the list),

e

'S

Aspect Objectives Some design guidance Points requiring special care
WORKSHACE - To make the - Plan connection of the machine |- Do notbéconfined to the
ORGANIZATION |overall organization |to the energy sources (distance, machine)but rather take account

of the workshop in  |supply path, accessibility). of its-environment and of its link
which the ma- . with the rest of the workshop.
o - Incorporate the related activ-
chineistobeused |.. . :
X . ities (storage of raw materials, =~/ Do not neglect arduous pos-
consistent with the S s
. of semi-finished products, and of tures and large efforts, even for
constraints and - : :
X finished products, management0fV |short or infrequent actions (e.g.
requirements of the . . .
. consumables, quality controlyetc.) in |for maintenance or feed needs).
work that is to be e
. order to guarantee contindity for the .
done (use, main- - Do not omit secondary or
workspaces. .
tenance, supply or degraded operating modes.
feed, discharge, etc.).|- Check that the location of the
machine takes on board the design
choices in terms of: accessibility, com-
munications, continuity of production
flow, and comipatibility with envi-
ronmental constraints (heat, cold,
humidity, dust, bad weather, etc.).
OPERATING - Tochoose the op- |- Identify the interventions to be |- Avoid burdensome or weari-

MODES erating modes that ~performed, including in foreseeable |some operations because they
are appropriate tg~ ~abnormal situations (production generate shortcut strategies that
the tasks (produc:=~ |problems, cleaning, monitoring, are often hazardous. For examplsg,
tion, maintenanee) |adjustment, greasing, clearing all of the parts to be cleaned
and to the-operators |jams, etc.). should be properly accessible ang
(level of kpowledge _ Make sure that the interventions readily cleanable.
and expetience, . . .

p are really necessary (e.g. appropri- |- Iftasksremain for which the
fatigue, etc.). . . .
ate equipment can prevent or elimi- |operator absolutely has to inter-
nate the risk of jamming). vene during operation, refer to
the recommendations of the INR
- Choose operator control and pro-
; . document referenced ED 6129.
tection modes in such a manner that
the operator:
e retains control over the pace or
the speed of operation of the ma-
chine during the interventions, e.g.
by implementing “down times for
maintenance”;

NOTE Information based on INRS ED 6154.
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Table B.1 (continued)
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Aspect Objectives Some design guidance Points requiring special care
e isnotrequired to concentrate for
prolonged periods by incorporating
sensors or appropriate devices for
detecting malfunctioning;
e can perform the task with greater
ease, e.g. for high-frequency cycle
triggering. do not use “two-handed”
control.
(OMMUNI- - Tomakeitpos- |- Listthe communications to be - Do notisolate operataqrs by
(ATIONS sible for collective |provided. neglecting the necessity for
BETWEEN work and co-activ- . exchange.
. : - Provide the means to enable
(QPERATORS ity (task coordina- S .
X those communications to take place: |- Do not uhderestimatg the
tion) to take place. .
. importance of the langugge of
¢ Dby taking proper account of
- To enable oper- 5 ” the trade.
. |the “language” of the trade (codes
ators to have audio . o .
. and gestural signs of a group of +A. Do not be limited to asingle
and visual exchang- S
. . operators); mode of communication, put
es side-by-side or - i
o rather make provision fof several
remotely. ¢ by choosing interfaces that are .
. modes: written, verbal, and ges-
appropriate (console or screen for : L
. . . . tural for ensuring that informa-
written information, warning or ; .
S ) . tion circulates better.
indicator lights, sound signals, etc.)
and accessible (nature, scope of the
message, mental representation);
¢ by placing the work stations so as
to facilitate verbal’and visual com-
munications.
¢ by reinoving or significantly re-
ducing all sources of noise for verbal
communications.
HUMAN-MA- - To enable the £ y'ldentify the information neces- |- Take into account the [isks
(HINE INTER- |operator to under{ jsary and sufficient for controlling of malfunctioning (breakdown,
ACTIONS stand how the ma- |the machine (start-up, operation/ erroneous indication) for{infor-
chine operates.(its |driving, maintenance, diagnostics, |mation that is critical from the
state, its interfaces, |and production management). point of view of safety: e.g. giving
etc.) and to/interact . an instruction to a valve ¢loes not
- - Choose the appropriate interfac- . .
accordingly (con- . : . mean that the instructiorn has
S es (control devices, signalling and S .
cept-of usability). . X . been executed (the indicqtor light
dialogue devices, etc.) depending on hould f d
the constraints, be they: should not go from red to green,
’ ’ but rather from red to antjber, and
e cognitive and physical, e.g. by then from amber to green).
providing assistance for diagnostics
and for operating/driving, and by
choosing intuitive controls (accessi-
bility and cognitive availability), or
NOTE Information based on INRS ED 6154.
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Table B.1 (continued)

Aspect Objectives Some design guidance Points requiring special care
e environmental (cold, heat, vibra- |- Take account of foreseeable
tion, humidity, etc.). abnormal situations when choos-

ing the interfaces.
- Belimited to the most rep-
resentative functions that are
induced by the interface.
= DO IOt IMaKRe (t possibiefor
one function to be mistaken fox
another.
- Do not propose simtltaneous
actions that are inconsistent.
DIMENSIONING |- To enable work |- Gather data on: - Do not designwork zones
OF THE WORK positions to be « the tasks to be done (size and that are too cenfined, preventing
STATIONS appropriate and . the operatorn from moving easily,
mass of objects to be handled, .
non-hazardous to ! . from havingall of the tools and
requirements relating to force, \ .
health. . . accessories available, and from
accuracy/precision, duration of the [\ . )
i benefiting from being assisted by
work, rate/throughput, position and .
adrainer.
nature of the controls, etc.);
e the substances used and emitted
(raw materials, finished products,
waste, chippings, dust, etc.).
— On the basis of this dataj.choose
the main working position (sit-
ting, raised-sitting, half*standing/
half-sitting, standing), while also
making it possible‘to alternate
between positions in order to avoid
prolonged static postures.
- Desigwand fit out the work
statign)in such a manner as to (cf.
1SO"14738):
¢ take into account the morpho-
logical variability of the operators
(for example, make heights of work
surfaces and of seats adjustable);
e prefer keeping the most frequent
gestures and positions within the
comfort zones, and keep the other
gestures and positions in the zones
within reach;
e enable the task to be performed
while taking account of the relative
movements of the operators (turn-
ing, stooping, backing off, etc.).
NOTE Information based on INRS ED 6154.
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Table B.1 (continued)
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Aspect

Objectives

Some design guidance

Points requiring special care

HANDLING
AND EFFORTS

- To limit the
handling and the
efforts to be made
by the operator
during the various
operations on the
machine (trans-

- Identify the actions requiring
efforts, and gather data on:

¢ the masses to be manipulated
(volume and weight, type of packag-
ing, etc.);

¢ the operating modes and the

- Avoid manually handling unit
loads that are bulky or difficult to

take hold of.

- Avoid carrying loads over long

distances.

pOTt, aSSEMbty AT
stallation, produc-
tion, maintenance,
disassembly/re-
moval, etc.).

Tate/throughputimordertode-
termine the frequency of handling
the objects and of the efforts to be
exerted;

e the control devices (efforts, posi-
tion, etc.).

- Evaluate the efforts and compare
them with the allowable reference
values (EN 1005 — 2 and 3) de-
pending on the constraints present
(wearing PPE, movement, ease of
grasping, etc.). If those values ate
exceeded, design so as to:

e limit the masses (choice of ma-
terials, choice of shapes,anodular
design, order of asseinbly, etc.).

o facilitate the handling, e.g. by
avoiding changés-of level, by using
assisted handling (trolleys, conveyor
belts, ball tables, load balancers, etc.).

ACCESS

- To offer easy ac-
cess to all locations
where intervention
is necessary.

- Identify all of the zones that re-
quireiaccess and characterize them
(frequency, nature of the interven-
tion, number of people, wearing PPE,
tools, energy needs, etc.).

- Ask whether access is really
necessary or whether it is necessary
so frequently (e.g.: replace access
for point-by-point greasing with
centralised greasing, and more ap-
propriate stocks of consumables).

— Prefer same-level access; oth-
erwise install permanent access
means that are practical (ramps,
stairs, lifts/elevators, etc.) and safe
(appropriate dimensioning of the
steps and platforms, guard rails,

- When identifying accq
not forget the interventio

such as: adjustments, changes in

manufacturing process, d
detection, cleaning, train

- Do not forget access f
ceptional interventions, g
for replacing an overhead
or engine. In which case,
of appropriate means sud
articulating boom lifts or
platforms should be defin
the instruction manual.

The location and the sha
machine should enable it
used safely.

sses, do
n needs

efect
ing, etc.

r ex-
uch as
motor

the use

h as
elevator
edin

e of the
to be

skirting boards, non-slip floor, etc.).

- For large facilities, lay out paths/
walkways, footbridges, or overhead
walkways (for crossing over convey-
ors, for example).

- Dimension the passage openings
(manholes, inspection trapdoors,
etc.) so as to enable the operations to
be conducted easily.

NOTE

Information based on INRS ED 6154,
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Table B.1 (continued)

Aspect Objectives Some design guidance Points requiring special care
Commercial documents
- Check that they are not in contra-
diction with the instruction manual.
- Indicate the emission informa-
tion on the documents (concerning
emission of noise, vibration, hazard-
OUS Tadiation, toXiT SUDStaTCES, EtC.:
INFORMATION |- To inform any - Listall of the instructions nec- - Do notdraft information
FOR USERS person who might |essary for the machine to be used about use at the last minute..It
intervene about the |correctly and safely at all stages of |should be established and.validat-
conditions and pro- |its life cycle (transport, assembly/in- |ed throughout the design of the
cedures for use, in  |stallation, production, maintenance, |machine.
zgelanl:l:;lgetinequlvo- disassembly/removal, etc.). ~ Do not forgétlto list all of the
- Present them to operators in instructionsynecessary for the
understandable manner: standard- |machine£obe used correctly and
ised symbols, pictograms, texts in an |safelyat,all stages of its life cycle
appropriate language for the users |(tradsport, assembly/installation,
and easy to read. prodiiction, maintenance, disas-
s§embly/ removal, etc.).
- Choose their location: commer=\*|- Do not neglect to present them
cial documents, instruction mafinal, |to operators in understandable
packaging, machine, etc. manner: standardized symbols,
On the machine or on the packag- pictograms, texts in an appro-
ing: priate language for the users and
easy to read.
- The written information should D i h hei
be readily accessible, legible, and - Domnotomitto choose their
indelible location: commercial documents
instruction manual, packaging,
Visual or qudio signals, viewing machine, etc.
screens dnd other communications
mearns gre addressed under the aspect
“communications between operators”.
In the instruction manual
- Explain uncommon technical
terms clearly.
- Include all items helping un-
derstanding (illustrations, figures,
diagrams, photos, animations, etc.).
- Adapt the medium (CD-ROM,
Internet, paper, etc.) to suit the
conditions of use by the operators. In
all cases, supply a hard copy (paper)
NOTE Information based on INRS ED 6154.
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Table B.1 (continued)
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Aspect Objectives Some design guidance Points requiring special care
LIGHTING - To provide - Design the machine so that it - Lighting of moving elements
lighting appropri- |takes fullest advantage of the ambi- |can constitute sources of strobo-
ate to the require- |entlighting (natural and artificial) |scopic effects.
ments of the work: |of the place of location (outdoors, N .
need for accuracy/ |workshop, tunnel, etc.). Make the llgh_tlng dev-lces
precision, appear- o accessllble for being serviced
ance inspection - Opt for matt or satin-finish sur- |(cleaning and replacement).
. ’ faces so as to avoid sources of dazzle.
ITI4HIILCIIdIICE, CLC,
- For each zone of activity, define
the required level of lighting (inten-
sity, and colour temperature).
- Incorporate lighting where the
ambient lighting of the workplace is
not adapted to suit the activity.
- Choose lighting whose position
and/or intensity can be adjusted.
- Integrate emergency lighting
if necessary (e.g. for machines of
large size).
HOLLUTION - Toreduceall of |- Identify all of the pollution - The exposure limit vajues are
AND DISCOM-  |the pollution and and discomfort generated\by the regulatory markers. Designers
HORT GENER- |discomfort generat- |machine (noise, vibration, radiation, |[should seek to keep significantly
ATED BY THE |ed by the machine |toxic substances, etc)in its various |below those values whenjthey
NACHINE in order to make operating modes;production, main- |cannotremove the risk.
such pollution and |tenance, adjustment, cleaning, etc.
discomfort compat- | U duct . tand
ible with the safety S€ Progirets, equipment an
and health of the processes making 1t_p0$$1ble to
operators. eliminate .t}.le pollution apq dl.SCOI‘Il-
fort; or, failing that, to minimize the
effects thereof.
NOTE Information based on INRS ED(6154.
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Annex C
(informative)

Ergonomics standards for specific applications

I'able L.1 — Ergonomics standards 1or speciric applications

Ergonomics standards for specific applications — Control centres

ISO 1106

4-1:2000, Ergonomic design of control centres — Part 1: Principles for the design of control centres

ISO 1106

4-2:2000, Ergonomic design of control centres — Part 2: Principles for the arrangement of-cohtrol suites

ISO 1106

4-3:1999, Ergonomic design of control centres — Part 3: Control room layout

ISO 1106

4-4:2013, Ergonomic design of control centres — Part 4: Layout and dimensions of workstations

[SO 1106

4-5:2008, Ergonomic design of control centres — Part 5: Displays and controls

ISO 1106

4-6:2005, Ergonomic design of control centres — Part 6: Environmental requirements for control centreg

ISO 1106

4-7:2006, Ergonomic design of control centres — Part 7: Principles for the‘evaluation of control centres

Ergonomics standards for specific applications — Human system interaction

ISO/TR 9
software

241-100:2010, Ergonomics of human-system interaction — Part 100> Introduction to standards related tp
ergonomics

1SO0 9241

210:2010, Ergonomics of human-system interaction — Part 210xHuman-centred design for interactive systenls

[SO 9241
requirem

-300:2008, Ergonomics of human-system interaction — Part 300: Introduction to electronic visual display
ents

1S0 9241
input deyj

+400:2007, Ergonomics of human-system interaction— Part 400: Principles and requirements for physicql
ices

Ergonomics standards for mobile machinery

IS0 286(

1992, Earth-moving machinery — Minipitim access dimensions

ISO 2867

:2011, Earth-moving machinery — Acgéss systems

ISO 3411

2007, Earth-moving machinery s Physical dimensions of operators and minimum operator space envelopie

ISO 66872

11986, Earth moving machinéry*— Zones of comfort and reach for controls

ISO 1111

2:1995, Earth-moving machinery — Operator’s seat — Dimensions and requirements

ISO 2124
Rules for

1:2005, Constructioncand layout of pedals of self-propelled sit-down rider-controlled industrial trucks -
the construction andlayout of pedals

See also

CEN/TR 614-3.
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