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Foreword

00:2010(E)

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
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tion

The primary purpose of this International Standard is to provide designers with an overall framework and
guidance for decisions during the development of machinery to enable them to design machines that are safe
for their intended use. It also provides a strategy for standards developers and will assist in the preparation of
consistent and appropriate type-B and type-C standards.

The concep
during its life

This International Standard is the basis for a set of standards which has the following structuref

of safety of machinery considers the ability of a machine to perform its intended functi
cycle where risk has been adequately reduced.

DN(S)

— type-A |standards (basic safety standards) giving basic concepts, principles for design and geperal
aspects|that can be applied to machinery;
— type-B standards (generic safety standards) dealing with one safety aspect.orone type of safeguard that
can be Uised across a wide range of machinery:
— typ¢-B1 standards on particular safety aspects (for example, safety distances, surface tempergture,
noige);
— type-B2 standards on safeguards (for example, two-hand controls, interlocking devices, presgure-
sernsitive devices, guards);
— type-C standards (machine safety standards) dealing with detailed safety requirements for a particular
maching or group of machines.
This International Standard is a type-A standard:
When a type-C standard deviates from aene:- or more technical provisions dealt with by this Internafional
Standard or py a type-B standard, the type-=C standard takes precedence.
It is desirable that this International~Standard be referred to in training courses and manuals to convey basic
terminology pnd general design methods to designers.
ISO/IEC Guide 51 has been.taken into account as far as practicable at the time of drafting of this Internafional
Standard.

Vi
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Safety of machinery — General principles for desigh — Risk
assessment and risk reduction

1

This

the (
achigving this objective. These principles are based on knowledge and experience of the

incid
and

Scope

International Standard specifies basic terminology, principles and a methodology for achiey
esign of machinery. It specifies principles of risk assessment and risk reductionyto help

bnts, accidents and risks associated with machinery. Procedures are described for identify
bstimating and evaluating risks during relevant phases of the machine life-cycle, and for the ¢

ing safety in
designers in
Hesign, use,
ing hazards
limination of

hazards or the provision of sufficient risk reduction. Guidance is given on the-decumentation and verification of
the risk assessment and risk reduction process.

This|International Standard is also intended to be used as a basisfor the preparation of typetB or type-C
safefy standards.

It dogs not deal with risk and/or damage to domestic animals; property or the environment.

NOTIE 1 Annex B gives, in separate tables, examples of hazards, hazardous situations and hazardous eyents, in order
to clarify these concepts and assist the designer in the process of hazard identification.

NOTE 2  The practical use of a number of methods for each stage of risk assessment is described in ISO/[TR 14121-2.
2 Normative references

The [following referenced documents are indispensable for the application of this documenf{. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

IEC $0204-1:2005, Safety-0f machinery — Electrical equipment of machines — Part 1: General rdquirements
3 [ferms and definitions

For the purposes of this document, the following terms and definitions apply.

31

machinery

machine

assembly, fitted with or intended to be fitted with a drive system consisting of linked parts or components, at
least one of which moves, and which are joined together for a specific application

NOTE 1

The term “machinery” also covers an assembly of machines which, in order to achieve the s

arranged and controlled so that they function as an integral whole.

NOTE 2

Annex A provides a general schematic representation of a machine.

© 1SO 2010 — All rights reserved

ame end, are


https://standardsiso.com/api/?name=7ac57adff8a5b7de7a4f74a66706cbdd

ISO 12100:2010(E)

3.2

reliability

ability of a machine or its components or equipment to perform a required function under specified conditions
and for a given period of time without failing

3.3

maintainability

ability of a machine to be maintained in a state which enables it to fulfil its function under conditions of
intended use, or to be restored to such a state, with the necessary actions (maintenance) being carried out
according to specified practices and using specified means

3.4

usability
ability of a mhachine to be easily used owing to, among others, properties or characteristics that(enable its
function(s) t¢ be easily understood

3.5
harm
physical injufy or damage to health

3.6
hazard
potential soyrce of harm

NOTE 1 The term “hazard” can be qualified in order to define its origin {fer example, mechanical hazard, ele¢trical
hazard) or thg nature of the potential harm (for example, electric shock hazard, cutting hazard, toxic hazard, fire hazafd).

NOTE 2  The hazard envisaged by this definition either

— is permahently present during the intended use of the machine*(for example, motion of hazardous moving elements,
electric grc during a welding phase, unhealthy posture, noise‘emission, high temperature), or

— can app¢gar unexpectedly (for example, explosion, crushing hazard as a consequence of an unintended/unexppcted
start-up, lejection as a consequence of a breakage,all'as a consequence of acceleration/deceleration).

NOTE 3 The French term “phénoméne dangeréux” should not be confused with the term “risque”, whichl was
sometimes used instead in the past.

3.7
relevant hazard
hazard which is identified as being)present at, or associated with, the machine

NOTE 1 Alrelevant hazardhis.identified as the result of one step of the process described in Clause 5.
NOTE 2  This term isdin¢luded as basic terminology for type-B and type-C standards.

3.8
significant

hazard whichT
to reduce the risk according to the risk assessment

d

NOTE This term is included as basic terminology for type-B and type-C standards.
3.9

hazardous event

event that can cause harm

NOTE A hazardous event can occur over a short period of time or over an extended period of time.

2 © 1SO 2010 — All rights reserved
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3.10
hazardous situation
circumstance in which a person is exposed to at least one hazard

NOTE The exposure can result in harm immediately or over a period of time.

3.1

hazard zone

danger zone

any space within and/or around machinery in which a person can be exposed to a hazard

3.12
risk
combination of the probability of occurrence of harm and the severity of that harm

3.13
residual risk
risk flemaining after protective measures have been implemented

NOTIE 1  This International Standard distinguishes
— the residual risk after protective measures have been implemented by the designer,

— the residual risk remaining after all protective measures have been implémented.
NOTE 2  See also Figure 2.

3.14
risk pstimation
defining likely severity of harm and probability of its oceurrence

3.15
riskfnalysis
combination of the specification of the limits of the machine, hazard identification and risk estimatipn
3.16
risk pvaluation
judgment, on the basis of risk analysis, of whether the risk reduction objectives have been achieved

3.17
risk pssessment
overgll process comprising a risk analysis and a risk evaluation

3.18
adequate risk-reduction
risk feduction that is at least in accordance with legal requirements, taking into consideration the current state
of the art

NOTE Criteria for determining when adequate risk reduction is achieved are given in 5.6.2.
3.19

protective measure
measure intended to achieve risk reduction, implemented

— by the designer (inherently safe design, safeguarding and complementary protective measures,
information for use) and/or

— by the user (organization: safe working procedures, supervision, permit-to-work systems; provision and
use of additional safeguards; use of personal protective equipment; training)

NOTE See Figure 2.

© 1SO 2010 — All rights reserved 3
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3.20

inherently safe design measure

protective measure which either eliminates hazards or reduces the risks associated with hazards by changing
the design or operating characteristics of the machine without the use of guards or protective devices

NOTE See 6.2.

3.21

safeguarding

protective measure using safeguards to protect persons from the hazards which cannot reasonably be
eliminated or risks which cannot be sufficiently reduced by inherently safe design measures

NOTE See 6.3.

3.22
information|for use
protective measure consisting of communication links (for example, text, words, signs,rsignals, sympbols,
diagrams) used separately or in combination, to convey information to the user

NOTE See 6.4.

3.23
intended ude
use of a maghine in accordance with the information for use provided in the\instructions

3.24
reasonably foreseeable misuse
use of a maghine in a way not intended by the designer, but which can result from readily predictable hyman
behaviour

3.25
task
specific actiyity performed by one or more personscon, or in the vicinity of, the machine during its life cycle

3.26
safeguard
guard or projective device

3.27
guard
physical bartier, designed as-part of the machine to provide protection

NOTE 1 Alguard may act-either

— alone, injwhich eas€’it is only effective when “closed” (for a movable guard) or “securely held in place” (for a|fixed
guard), dr

— in conjur]ction with an interlocking device with or without guard locking, in which case protection is ensured whatever
the position of the guard.

NOTE 2 Depending on its construction, a guard may be described as, for example, casing, shield, cover, screen, door,
enclosing guard.

NOTE 3  The terms for types of guards are defined in 3.27.1 to 3.27.6. See also 6.3.3.2 and I1SO 14120 for types of
guards and their requirements.

3.271

fixed guard

guard affixed in such a manner (for example, by screws, nuts, welding) that it can only be opened or removed
by the use of tools or by destruction of the affixing means

4 © 1SO 2010 — All rights reserved
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3.27.2
movable guard
guard which can be opened without the use of tools

3.27.3
adjustable guard
fixed or movable guard which is adjustable as a whole or which incorporates adjustable part(s)

3.274

interlocking guard
guard associated with an interlocking device so that, together with the control system of the machine, the
folloywmgfurctionsareperformed:

— the hazardous machine functions “covered” by the guard cannot operate until the guard.is cloged,
— [f the guard is opened while hazardous machine functions are operating, a stop command is given, and

— Wwhen the guard is closed, the hazardous machine functions “covered” by\the guard can pperate (the
Closure of the guard does not by itself start the hazardous machine functions)

NOTE ISO 14119 gives detailed provisions.

3.27)5
intenlocking guard with guard locking
guarfl associated with an interlocking device and a guard logking device so that, together with the control
system of the machine, the following functions are performed:

— the hazardous machine functions “covered” by the“guard cannot operate until the guard ig closed and
ocked,

— the guard remains closed and locked until(the risk due to the hazardous machine functions [covered” by
he guard has disappeared, and

— when the guard is closed and locked, the hazardous machine functions “covered” by the guard can
pperate (the closure and locking of the guard do not by themselves start the hazardqus machine
unctions)

NOTIE ISO 14119 gives detailed provisions.

interflocking guard‘with a start function
contfol guard

spedal form of interlocking guard which, once it has reached its closed position, gives a command to initiate
the Hazardous.machine function(s) without the use of a separate start control

3.27'16

NOTIE See 6.3.3.2.5 for detailed provisions on the conditions of use.

3.28
protective device
safeguard other than a guard

NOTE Examples of types of protective devices are 3.28.1 to 3.28.9.

3.28.1

interlocking device

interlock

mechanical, electrical or other type of device, the purpose of which is to prevent the operation of hazardous
machine functions under specified conditions (generally as long as a guard is not closed)

© 1SO 2010 — All rights reserved 5


https://standardsiso.com/api/?name=7ac57adff8a5b7de7a4f74a66706cbdd

ISO 12100:

3.28.2

2010(E)

enabling device
additional manually operated device used in conjunction with a start control and which, when continuously
actuated, allows a machine to function

3.28.3
hold-to-run

control device

control device which initiates and maintains machine functions only as long as the manual control (actuator) is

actuated

3.28.4
two-hand

control devide which requires at least simultaneous actuation by both hands in order to initiate and to,mai

hazardous

[a

J

NOTE

3.28.5
sensitive pn
SPE
equipment f
system to re

NOTE T

example, ente
in both cases

3.28.6

c .
r[lachine functions, thus providing a protective measure only for the person who actuates it

O 13851 gives detailed provisions.

otective equipment

br detecting persons or parts of persons which generates an appropriate signal to the cg
duce risk to the persons detected

e signal can be generated when a person or part of a person goes’beyond a predetermined limit
rs a hazard zone — (tripping) or when a person is detected in apredetermined zone (presence sensin

active optog¢lectronic protective device

AOPD
device whosg
interruption
detection zo

NOTE

B

3.28.7

mechanical
device whicli
which, by vin

3.28.8

limiting de
device whic
limit, pressu

3.28.9

e sensing function is performed by optoelectronic emitting and receiving elements detectin
bf optical radiation, generated within the\device, by an opaque object present in the spe
ne

C 61496 gives detailed provisions.

restraint device
introduces into a meChanism a mechanical obstacle (for example, wedge, spindle, strut, sc|
fue of its own strength) can prevent any hazardous movement

ice
prevent§s a'machine or hazardous machine condition(s) from exceeding a designed limit (s
e limit,foad moment limit, etc.)

ntain

ntrol

— for
g), or

j the
cified

ptch)

pace

limited movement control device
control device, a single actuation of which, together with the control system of the machine, permits only a
limited amount of travel of a machine element

3.29

impeding device
any physical obstacle (low barrier, rail, etc.) which, without totally preventing access to a hazard zone,

reduces the

3.30

probability of access to this zone by offering an obstruction to free access

safety function

function of a

machine whose failure can result in an immediate increase of the risk(s)

© 1SO 2010 — All rights reserved
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3.31

unexpected start-up

unintended start-up

any start-up which, because of its unexpected nature, generates a risk to persons
NOTE 1 This can be caused by, for example:

— a start command which is the result of a failure in, or an external influence on, the control system;

— a start command generated by inopportune action on a start control or other parts of the machine such as a sensor or
a power control element;

— restoration of the power supply after an interruption;

— external/internal influences (gravity, wind, self-ignition in internal combustion engines, etc.) on parts.of tlLe machine.

NOTE 2  Machine start-up during normal sequence of an automatic cycle is not unintended, but can be fonsidered as
beind unexpected from the point of view of the operator. Prevention of accidents in this_¢ase involvgs the use of
safedquarding measures (see 6.3).

NOTIE 3 Adapted from ISO 14118:2000, definition 3.2.

3.32
failure to danger
any malfunction in the machinery, or in its power supply, that increasés the risk

3.33
fault
statd of an item characterized by inability to perform a,required function, excluding the inability during
preventive maintenance or other planned actions, or due'to lack of external resources

[IEV[191-05-01]
NOTIE 1 A fault is often the result of a failure of the‘item itself, but can exist without prior failure.

NOTE 2 In the field of machinery, the English term “fault” is commonly used in accordance with the definition in
IEV 191-05-01, whereas the French term “défaut’ and the German term “Fehler’ are used rather than the ferms “panne”
and “Fehlzustand” that appear in the IEV, with this definition.

NOTE 3  In practice, the terms(“fault” and “failure” are often used synonymously.
3.34
failure

term|nation of the ability of an item to perform a required function

NOTIE 1 Afterfailure, the item has a fault.

NOTIE 2 “Failure” is an event, as distinguished from “fault”’, which is a state.

NOTE

[IEV 191-04-01]

3.35

common cause failures

failures of different items, resulting from a single event, where these failures are not consequences of each
other

NOTE Common cause failures should not be confused with common mode failures.

[IEV 191-04-23]

© 1SO 2010 — All rights reserved 7
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3.36
common m
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ode failures

failures of items characterized by the same fault mode

NOTE

can result from different causes.

[IEV 191-04-

3.37

24]

malfunction

failure of a maehineto-performanintendedfyreien—m—m—m8m8m8 ¥ — 0 ¥ — —————————

NOTE S
3.38
emergency

hazardous s

NOTE

during n
or

as a con

3.39
emergency

A

be 5.4, item b) 2) for examples.
jsituation
tuation needing to be urgently ended or averted

N emergency situation can arise

sequence of a malfunction or failure of any part of the machine.

operation

all actions anpd functions intended to end or avert an emergency.situation

3.40

emergency
emergency
function whi

NOTE

3.41

emission v
numerical
substances,

NOTE 1 E
assessment.

NOTE 2

avert ar

q

J

A

top
top function
h is intended to

sing or reduce existing hazards to persons, damage to machinery or to work in progress, and

be initiafed by a single human action

O 13850 gives detailed. provisions.

lue
lue quantifying an emission generated by a machine (for example, noise, vibration, hazar
radiation)

mission values are part of the information on the properties of a machine and are used as a basis fd

Common mode failures should not be confused with common cause failures, as the common mode failures

rmal operation of the machine (for example, due to human interaction, or as.a result of external influences),

dous

r risk

persons to emissions when the machine is in use. Exposure values can be estimated using the emission values.

NOTE 3
standardized

3.42

methods (for example, to allow comparison between similar machines).

comparative emission data
set of emission values of similar machines collected for the purpose of comparison

NOTE

For noise comparison, see ISO 11689.

The term “emission value” ought not to be confused with “exposure value”, which quantifies the exposure of

Emission values are preferably measured and their associated uncertainties determined by means of

© 1SO 2010 — All rights reserved
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Strategy for risk assessment and risk reduction

To implement risk assessment and risk reduction the designer shall take the following actions, in the order
given (see Figure 1):

a)

b)
c)
d)

e)

Actidns a) to d) are related to risk assessment and e) to risk reduction.

Risk
risks

Risk

determine the limits of the machinery, which include the intended use and any reasonably foreseeable

misuse thereof;
identify the hazards and associated hazardous situations;

estimate the risk for each identified hazard and hazardous situation;

pvaluate the risk and take decisions about the need for risk reduction;

bliminate the hazard or reduce the risk associated with the hazard by means of protective me

assessment is a series of logical steps to enable, in a systematic way, the)analysis and eva
associated with machinery.

Asures.

uation of the

assessment is followed, whenever necessary, by risk reduction. lteration of this prodess can be

necgssary to eliminate hazards as far as practicable and to adequately reduce risks by the implgmentation of

protgctive measures.

It is
mea

acc
impl

The
The
and

techipology. In carrying out this process, it is necessary to take into account these four factors, in

orde

NOTE 1

Pro’%ctive measures are the combination of the. measures implemented by the designer and

Eure or measures have been implemented. Examples of hazards are given in Annex B.

mented by the user and usually prove mefe effective.
pbjective to be met is the greatesi-practicable risk reduction, taking into account the four b
several successive applications _can be necessary to reduce the risk, making the best use

- of preference:

he safety of the ma¢hine during all the phases of its life cycle;
he ability of thexmachine to perform its function;

he usability of the machine;

he‘manufacturing, operational and dismantling costs of the machine.

assumed that, when present on machinery, a hazard, will sooner or later lead to harm if no protective

the user in

dance with Figure 2. Measures which can be'incorporated at the design stage are preferable to those

blow factors.

Strategy defined in this clause is represented by the flowchart in Figure 1. The process its€lf is iterative

of available
the following

The ideal application of these principles requires knowledge of the use of the machine, the accident history

and health records, available risk reduction techniques, and the legal framework in which the machine is to be used.

NOTE 2 A machine design which is acceptable at a particular time could be no longer justifiable when

devel

opment allows the design of an equivalent machine with lower risk.

© 1SO 2010 — All rights reserved
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START
l : RISK ASSESSMENT according to Clause 5
Determination of the limits :
of the machinery (see 5.3) :
Hazard identification This iterative risk reduction process shall be carried
(see 5.4 and Annex B) out separately for each hazard, hazardous situation,
+ R under each condition of use.
i YES
. L : .
Risk estimation (see 5.5) DN S =% Risk analysis '
......................... ¢ : LETT T TP TP T I
Risk evaluation (see 5.6) :
Are
NO other hazards >
generated?

e

Has
the risk been
adequately reduced??
(adequate risk reduction:
see Clause 6)

YES Documentation
"’ (see Clause 7) —»| END

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

Can
the hazard
be removed?

Step 1

Risk reduction by
inherently safe
design measures

Is the
intended

risk reduction
achieved?

Can
the risk
be reduced
by inherently safe
design
measures?

(see 6.2)

YES

Step 2
Can Risk reduction by Is the
fhe risk YES safeguarding intended YES
be reduced by guards, > Implementation of > risk reduction
protective complementary achieved?
devices? protective measures
(Se€ 6.3)
YNO
Step 3

Can
the limits
be specified
again?

Is the
intended
risk reduction
achieved?

Risk reduction by
information for use

(see 6.4)

a8  The first time the question is asked, it is answered by the result of the initial risk assessment.
Figure 1 — Schematic representation of risk reduction process including iterative three-step method

10 © 1SO 2010 — All rights reserved
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Risk assessment

(based on defined limits and intended use of the machine)

Protective measures implemented by the
designer (see Figure 1)

Step 1 : Inherently safe design measures

Safeguarding and
complementary
protective measures

Residual risk
Information for use® after

¢ at the machine protective
— warning signs, signals measures
— warning devices implemented

¢ in the instruction handbook by_the
designer

User input® Designer input

Protective measures‘implemented by the
user®
including'those based on the
information for use provided by the designer

A

«_(_Organization
— safe working procedures

— supervision Residual ri
— permit-to-work systems after all
* Provision and use of gg;ic::\:
additional safeguards ¢ . )
implemented

* Use of personal protective
equipment
+ Training, etc.

@  Providing proper information for use is part of the designer's contribution to risk reduction, but the protective measures
concerned are only effective when implemented by the user.

b The user input is that information received by the designer from either the user community, regarding the intended use
of the machine in general, or from a specific user.

¢ There is no hierarchy between the various protective measures implemented by the user. These protective measures
are outside the scope of this International Standard.

d  These are protective measures required due to a specific process or processes not envisaged in the intended use of
the machine or to specific conditions for installation that cannot be controlled by the designer.

Figure 2 — Risk reduction process from point of view of designer

© 1S0 2010 — All rights reserved 11
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5 Riska

2010(E)

ssessment

5.1 General

Risk assessment comprises (see Figure 1)

— risk analysis, comprising

1) determination of the limits of the machinery (see 5.3),

2) hazard-identification (R 4 and Annex R)1 and

3) risk
— risk eva

Risk analysi
about wheth

These judgn
associated W

NOTE A
restricted by

Therefore, in many applications only qualitative risk estimation will be possible:

The risk ass

5.2 Inform

The informa

a) Related
1) usd
2) ant

i)

i)

ii)
3) dod

estimation (see 5.5), and
uation (see 5.6).

5 provides information required for the risk evaluation, which in turn allows judgments to be made
br or not risk reduction is required.

nents shall be supported by a qualitative or, where appropriate, quantitative estimate of the risk
ith the hazards present on the machinery.

quantitative approach can be appropriate when useful data is available. However, a quantitative approdch is
he useful data that are available and/or the limited resources of‘those conducting the risk assessment.

bssment shall be documented according to Clause <%

ation for risk assessment

ion for risk assessment should include.thefollowing.

to machinery description:

r specifications;

cipated machinery specifications, including

a description of thewarious phases of the whole life cycle of the machinery,
design drawings or other means of establishing the nature of the machinery, and
required.energy sources and how they are supplied;

umenhtation on previous designs of similar machinery, if relevant;

4) information for use of the machinery, as available.

b) Related to regulations, standards and other applicable documents:

1) applicable regulations;

2) relevant standards;

3) relevant technical specifications;

4) relevant safety data sheets.

12
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c)

d)

The

Com|
poss|
avail

NOT

taken

For ¢

be u

shall

5.3

5.3.1

Risk

phag

of m
in te

5.3.2

Use

inclu

a)

b)

c)

ISO 121

Related to experience of use:
any accident, incident or malfunction history of the actual or similar machinery;

the history of damage to health resulting, for example, from emissions (noise, vibration,
etc.), chemicals used or materials processed by the machinery;

the experience of users of similar machines and, whenever practicable, an exchange o
with the potential users.

00:2010(E)

dust, fumes,

f information

NOTE An incident that has occurred and resulted in harm can be referred to as an “accident”, whereas an incident

[T ! el L " [PREI L £ e I . 2 £l
At T1asS ULLUTTEU dliTu UTat Utu TTUUTEIUIL TITTTarmir dimT DT TCITTITU U dS a T1Ieal 11115S Ul UdiTytrouus ULLU

Relevant ergonomic principles.
nformation shall be updated as the design develops or when modifications to the-machine ar
parisons between similar hazardous situations associated with different types of machine

ble, provided that sufficient information about hazards and accident circumstances in those
bble.

The absence of an accident history, a small number of accidents ok Jow severity of accidents o
as a presumption of a low risk.

uantitative analysis, data from databases, handbooks, laboratories or manufacturers' specif

be indicated in the documentation (see Clause 7).
Determination of limits of machinery

General
assessment begins with the determiination of the limits of the machinery, taking into ac
es of the machinery life. This means’that the characteristics and performances of the machin

bchines in an integrated process, and the related people, environment and products, should
tms of the limits of machinery as given in 5.3.2 to 5.3.5.

Use limits

imits include the.intended use and the reasonably foreseeable misuse. Aspects to be taken
de the following:

he different machine operating modes and different intervention procedures for the use]
nterventions required by malfunctions of the machine;

he_use of the machinery (for example, industrial, non-industrial and domestic) by persons

rence”.

b required.
ry are often
situations is

Light not to be

cations may

bed, provided that there is confidence in the suitability of the data. Uncertainty associated with these data

count all the
e or a series
be identified

into account

rs, including

identified by

sex, age, dominant hand usage, or limiting physical abilities (visual or hearing impairment, si
etc.);

the anticipated levels of training, experience or ability of users including

1) operators,

2) maintenance personnel or technicians,
3) trainees and apprentices, and

4) the general public;

© 1SO 2010 — All rights reserved
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d) exposure of other persons to the hazards associated with the machinery where it can be reasonably
foreseen:

1) persons likely to have a good awareness of the specific hazards, such as operators of adjacent
machinery;

2) persons with little awareness of the specific hazards but likely to have a good awareness of site
safety procedures, authorized routes, etc., such as administration staff;

3) persons likely to have very little awareness of the machine hazards or the site safety procedures,
such as visitors or members of the general public, including children.

If specific ir’Iformation is not available in relation to b), above, the manufacturer should take into aeg¢ount
general infofmation on the intended user population (for example, appropriate anthropometric data),

5.3.3 Spage limits

Aspects of space limits to be taken into account include
a) the randge of movement,

b) space r¢quirements for persons interacting with the machine, such as duringioperation and maintenance,
c) human interaction such as the operator-machine interface, and

d) the maghine—power supply interface.

5.3.4 Timg limits

Aspects of time limits to be taken into account include

a) the life| limit of the machinery and/or of someyof its components (tooling, parts that can \vear,
electronmpechanical components, etc.), taking into*account its intended use and reasonably foreseg¢able
misuse,|and

b) recommended service intervals.

5.3.5 Other limits

Examples of{other limits include

a) properties of the material(s) to be processed,

b) housekg¢eping — thetevel of cleanliness required, and

c) environmental=~ the recommended minimum and maximum temperatures, whether the machine cgn be
operatefl indoors or outdoors, in dry or wet weather, in direct sunlight, tolerance to dust and wet, etc.

5.4 Hazard identification

After determination of the limits of the machinery, the essential step in any risk assessment of the machinery
is the systematic identification of reasonably foreseeable hazards (permanent hazards and those which can
appear unexpectedly), hazardous situations and/or hazardous events during all phases of the machine life
cycle, i.e.:

— transport, assembly and installation;
— commissioning;
— use;

— dismantling, disabling and scrapping.

14 © 1SO 2010 — Al rights reserved
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Only when hazards have been identified can steps be taken to eliminate them or to reduce risks. To
accomplish this hazard identification, it is necessary to identify the operations to be performed by the
machinery and the tasks to be performed by persons who interact with it, taking into account the different
parts, mechanisms or functions of the machine, the materials to be processed, if any, and the environment in
which the machine can be used.

The designer shall identify hazards taking into account the following.
a) Human interaction during the whole life cycle of the machine
Task identification should consider all tasks associated with every phase of the machine life cycle as

JiverT above. T ask dentificatiom shoutd—atsotakeinto—account, but ot betimited 1o, thefollowing task
Categories:

— setting;

— testing;

— teaching/programming;

— process/tool changeover;

— start-up;

— all modes of operation;

— feeding the machine;

— removal of product from machine;

— stopping the machine;

— stopping the machine in case of emergency;

— recovery of operation from jam.or blockage;

— restart after unscheduled stop;

— fault-finding/trouble-shooting (operator intervention);
— cleaning and housekeeping;

— preventive niaintenance;

1+— correstive maintenance.

All- reasonably foreseeable hazards, hazardous situations or hazardous events associajed with the
arious tasks shall then he identified Annex B gives examples of hazards hazardous situations and

hazardous events to assist in this process. Several methods are available for the systematic identification
of hazards. See also ISO/TR 14121-2.

In addition, reasonably foreseeable hazards, hazardous situations or hazardous events not directly
related to tasks shall be identified.

EXAMPLE Seismic events, lightning, excessive snow loads, noise, break-up of machinery, hydraulic hose burst.

© 1SO 2010 — All rights reserved 15
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b) Possible states of the machine
These are as follows:
1) the machine performs the intended function (the machine operates normally);

2) the machine does not perform the intended function (i.e. it malfunctions) due to a variety of reasons,
including

— variation of a property or of a dimension of the processed material or of the workpiece,

— failure of one or more of its component parts or services,

— | external disturbances (for example, shocks, vibration, electromagnetic interference),
— | design error or deficiency (for example, software errors),
— | disturbance of its power supply, and

— | surrounding conditions (for example, damaged floor surfaces).
c) Unintended behaviour of the operator or reasonably foreseeable misuse-of‘the machine

Examplés include

— los$ of control of the machine by the operator (especially for hand-held or mobile machines),
— reflex behaviour of a person in case of malfunction, incidenter failure during the use of the machjine,
— behaviour resulting from lack of concentration or carelessness,

— behaviour resulting from taking the “line of least resistance” in carrying out a task,

— beHaviour resulting from pressures to keep the machine running in all circumstances, and

— beHaviour of certain persons (for example, children, disabled persons).

NOTE [Examination of the available design‘documentation can be a useful means of identifying hazards relafed to
the machinery, particularly those associated with moving elements such as motors or hydraulic cylinders.

5.5 Risk ejstimation

5.5.1 General

After hazard|identification,-risk estimation shall be carried out for each hazardous situation by determining the
elements of|risk givef in 5.5.2. When determining these elements, it is necessary to take into account the
aspects given in 5.5:3:

If standardized(or other suitable) measurement methods exist for an emission, they should be used, in
conjunction With existing machinery or prototypes, 10 determine emission values and comparative emission
data. This makes it possible for the designer to

— estimate the risk associated with the emissions,

— evaluate the effectiveness of the protective measures implemented at the design stage,

— provide potential buyers with quantitative information on emissions in the technical documentation, and
— provide users with quantitative information on emissions in the information for use.

Hazards other than emissions that are described by measurable parameters can be dealt with in a similar
manner.

16 © 1SO 2010 — All rights reserved
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5.5.2 Elements of risk

5.5.21 General

The risk associated with a particular hazardous situation depends on the following elements:
a) the severity of harm;

b) the probability of occurrence of that harm, which is a function of

1) the exposure of person(s) to the hazard,

P) the occurrence of a hazardous event, and
B) the technical and human possibilities to avoid or limit the harm.

The glements of risk are shown in Figure 3. Additional details are given in 5.5.2.2,5.5:2.3 and 5.5]3.

PROBABILIFY OF OCCURRENC
of that harm

SEVERITY
RISK OF HARM Exposure of person(s)
is a to the hazard
related to . that can
th function It § and
'c? d of reSlf[h rom the occurrence of
considere . € a hazardous event
hazard considered
hazard - .
the possibility to avoid
or limit the harm

Figure 3 — Elements of risk
5.5.4.2 Severity of harm

The geverity can be estimated by taking into account the following:

a) the severitysofinjuries or damage to health, for example,

1+— slight,

+—="serious,

— death.
b) the extent of harm, for example, to
— one person,
— several persons.
When carrying out a risk assessment, the risk from the most likely severity of the harm that is likely to occur

from each identified hazard shall be considered, but the highest foreseeable severity shall also be taken into
account, even if the probability of such an occurrence is not high.

© 1SO 2010 — All rights reserved 17
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5.5.2.3

5.5.2.3.1

2010(E)

Probability of occurrence of harm

Exposure of persons to the hazard

The exposure of a person to the hazard influences the probability of the occurrence of harm. Factors to be
taken into account when estimating the exposure are, among others,

aken

o be
the

a) the need for access to the hazard zone (for normal operation, correction of malfunction, maintenance or
repair, etc.),
b) the nature of access (for example, manual feeding of materials),
c) the tim¢g spentin the hazard zone,
d) the number of persons requiring access, and
e) the freqyency of access.
5.5.2.3.2 Pccurrence of a hazardous event
The occurrepce of a hazardous event influences the probability of occurrenceof harm. Factors to be f
into account[when estimating the occurrence of a hazardous event are, amofg others,
a) reliability and other statistical data,
b) acciden history,
c) history ¢f damage to health, and
d) comparison of risks (see 5.6.3).
NOTE The occurrence of a hazardous event can be of a technical or human origin.
5.5.2.3.3 Possibility of avoiding or limiting-harm
The possibility of avoiding or limiting harm influences the probability of occurrence of harm. Factors f{
taken into gccount when estimating_the possibility of avoiding or limiting harm are, among others
following:
a) differen{ persons who cafrbe exposed to the hazard(s), for example,
— skilled,
— ungkilled;
b) how quitKly,the hazardous situation could lead to harm, for example,
— suddenly,
— quickly,
— slowly;
c) any awareness of risk, for example,
— by general information, in particular, information for use,
— by direct observation,
— through warning signs and indicating devices, in particular, on the machinery;
18 © 1SO 2010 — Al rights reserved
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d) the human ability to avoid or limit harm (for example, reflex, agility, possibility of escape);

e)

practical experience and knowledge, for example,

— of the machinery,

— of similar machinery,

— Nno experience.

5.5.3 Aspects to be considered during risk estimation

5.5.3.1 Persons exposed

Risk
reas

5.5.3.2 Type, frequency and duration of exposure

The

requ
parti
proc

The
mea

5.5.3.3 Relationship between exposure and effects

The

hazgrdous situation considered. The effects of accumulated exposure and combinations of hazarn
be cpnsidered. When considering these.effects, risk estimation shall, as far as practicable, &

appr

NOT

partiqular type of machinery with a-particular type of protective measure.

NOT

5.5.34 Human factors

Hum

a)
b)
c)
d)

e)

f)

¢)]

00:2010(E)

bnably foreseeable.

estimation of the exposure to the hazard under consideration (including long-term damag
res analysis of, and shall account for, all modes of operation of the Machinery and methods ¢
cular, the analysis shall account for the needs for access durifig loading/unloading, settir
bss changeover or correction, cleaning, fault-finding and maintenance.

risk estimation shall also take into account tasks, farowhich it is necessary to susper
sures.

relationship between an exposure to a_hazard and its effects shall be taken into acco

bpriate recognized data.

F 1 Accident data can assistlin establishing the probability and severity of injury associated with

F 2 Zero accident data.is, however, no guarantee of the low probability and severity of an injury.

he interaction of person(s) with the machinery, including correction of malfunction,

estimation shall take into account all persons (operators and others) for whom exposure to the hazard is

e to health)
f working. In
g, teaching,

d protective

int for each
ds shall also
e based on

the use of a

an factors-edn affect risk and shall be taken into account in the risk estimation, including, for @xample,

nis&raotion bahaaaon o B
TMCTaCttoTmT OCtTW e TP TTSUTTS;

stress-related aspects,

ergonomic aspects,

the capacity of persons to be aware of risks in a given situation depending on their training, experience

and ability,
fatigue aspects, and

aspects of limited abilities (due to disability, age, etc.).

© 1SO 2010 — All rights reserved
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Training, experience and ability can affect risk; nevertheless, none of these factors shall be used as a
substitute for hazard elimination, risk reduction by inherently safe design measure or safeguarding, wherever

these protec

tive measures can be practicably implemented.

5.5.3.5 Suitability of protective measures
Risk estimation shall take into account the suitability of protective measures and shall
a) identify the circumstances which can result in harm,

b) whenever appropriate, be carried out using quantitative methods to compare alternative protective

measur

c) provide

s (see ISO/TR 14121-2), and

information that can assist with the selection of appropriate protective measures.

When estimating risk, those components and systems identified as immediately increasing, therisk in ca

failure need

When prote
protective e
proven tech

5536 P
For the cont

and do not
bypassed in

Risk estimat
also take ac

a) the prot

b) the prot

C) persons

d) the prot
Whether or
as an adjust

Protective
circumventia
methods. Ri
functions an

Special attention.
Ctive measures include work organization, correct behaviour, attention{_application of per

huipment (PPE), skill or training, the relatively low reliability of such“measures compared
ical protective measures shall be taken into account in the risk estimation.

bssibility of defeating or circumventing protective measures

nued safe operation of a machine, it is important that the protective measures allow its eas)
hinder its intended use. Otherwise, there is a possibility that protective measures migk
order for maximum utility of the machine to be achieved.

on shall take account of the possibility of defeating or circumventing protective measures. It
count of the incentive to defeat or circumvent protective measures when, for example,

bctive measure slows down production-or interferes with another activity or preference of the
bctive measure is difficult to use,

other than the operator are. involved, or

not a protective-measure can be defeated depends on both the type of protective measure,
bble guard orprogrammable trip device, and its design details.

easures.that use programmable electronic systems introduce additional possibilities of defg
n if access to safety-related software is not appropriately restricted by design and monit
5k_estimation shall identify where safety-related functions are not separated from other ma
d“shall determine the extent to which access is possible. This is particularly important

bctive measure is not.recognized by the user or not accepted as being suitable for its function.

se of

sonal

with

use

t be

shall

user,

such

at or
pring
chine
vhen

remote acce

5.5.3.7

ss for diagnostic or process correction purposes is required.

Ability to maintain protective measures

Risk estimation shall consider whether the protective measures can be maintained in the condition necessary
to provide the required level of protection.

NOTE
or circumventi

20

on of the protective measure in order to allow continued use of the machinery.

If the protective measure cannot easily be maintained in correct working order, this can encourage the defeat
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Risk

5.6

5.6.1

ISO 121

.8 Information for use

estimation shall take into account the information for use, as available. See also 6.4.

Risk evaluation

General

00:2010(E)

After risk estimation has been completed, risk evaluation shall be carried out to determine if risk reduction is
required. If risk reduction is required, then appropriate protective measures shall be selected and applied (see

Clau

Se R) As shown in Figllrn 1 the adnnlllsm\/ of the risk reduction shall be determined after app

ying each of

the t
chec
appli
prote

Achi
prac

5.6.2

Appl

Follo

5.6.3

nree steps of risk reduction described in Clause 6. As part of this iterative process, the desig

ed. If additional hazards do occur, they shall be added to the list of identified hazards ang
ctive measures will be required to address them.

bving the objectives of risk reduction and a favourable outcome of risk! comparison a
icable gives confidence that risk has been adequately reduced.

Adequate risk reduction
cation of the three-step method described in 6.1 is essential in-achieving adequate risk redug
wing the application of the three-step method, adequate risk reduction is achieved when
bll operating conditions and all intervention procedureschave been considered,
he hazards have been eliminated or risks reduced*to the lowest practicable level,
hny new hazards introduced by the protective measures have been properly addressed,
sers are sufficiently informed and warned about the residual risks (see 6.1, step 3),
protective measures are compatible 'with one another,

sufficient consideration has been given to the consequences that can arise from the us
professional/non-industrial éontext of a machine designed for professional/industrial use, and

he protective meastres do not adversely affect the operator's working conditions or the ug
machine.

Comparison of risks

As p

com;rared with those of similar machinery or parts of machinery, provided the following criteria ap

art of the process of risk evaluation, the risks associated with the machinery or parts of mach

er shall also

kK whether additional hazards are introduced or other risks increased when new protective measures are

appropriate

pplied when

tion.

e in a non-

ability of the

inery can be
Dly:

— the similar machinery is in accordance with the relevant type-C standard(s);

— the intended use, reasonably foreseeable misuse and the way both machines are designed and
constructed are comparable;

— the hazards and the elements of risk are comparable;

— the technical specifications are comparable;

— the conditions for use are comparable.

The use of this comparison method does not eliminate the need to follow the risk assessment process as
described in this International Standard for the specific conditions of use. For example, when a band saw used
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for cutting meat is compared with a band saw used for cutting wood, the risks associated with the different

material shall

be assessed.

6 Risk reduction

6.1 General

The objective of risk reduction can be achieved by the elimination of hazards, or by separately or
simultaneously reducing each of the two elements that determine the associated risk:

— severity|of harm from the hazard under consideration;

— probabili

All protective
5

referred to a

Step 1: Inhgerently safe design measures

Inheren

design features of the machine itself and/or interaction between the exposed persons and the magc

See 6.2

NOTE 1

protective measures such as safeguarding or complementary protective measures.

Step 2: Sa

ty of occurrence of that harm.

the three-step method (see also Figures 1 and 2).

measures intended for reaching this objective shall be applied in the following sequénce,

ly safe design measures eliminate hazards or reduce the associatéd risks by a suitable choice of

hine.

This stage is the only one at which hazards can be eliminated, thus avoiding the need for additional

guarding and/or complementary protective measures

Taking |nto account the intended use and the reasonably foreseeable misuse, appropriately selected

safegudrding and complementary protective_measures can be used to reduce risk when it is
practicaple to eliminate a hazard, or reduce_its-associated risk sufficiently, using inherently safe dg
measures. See 6.3.

Step 3: Inf

Where

complementary protective measures, the residual risks shall be identified in the information for use

informat

— op{

who use the_machinery or other persons who can be exposed to the hazards associated wit
machinery;

— the
req

rmation for use
risks remain despite inherently safe design measures, safeguarding and the adoptid

ion for use shall in¢lude, but not be limited to, the following:

not
Esign

n of
The

rating procedures for the use of the machinery consistent with the expected ability of persgnnel

recommended safe working practices for the use of the machinery and the related tra

h the

ining

lirements adequately described:

— sufficient information, including warning of residual risks for the different phases of the life of the
machinery;

— the description of any recommended personal protective equipment, including detail as to its need as
well as to training needed for its use.

Information for use shall not be a substitute for the correct application of inherently safe design measures,

safegua

rding or complementary protective measures.

NOTE 2  Adequate protective measures associated with each of the operating modes and intervention procedures
reduce the possibility of operators being induced to use hazardous intervention techniques in case of technical difficulties.
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6.2 Inherently safe design measures

6.2.1 General

Inherently safe design measures are the first and most important step in the risk reduction process. This is
because protective measures inherent to the characteristics of the machine are likely to remain effective,
whereas experience has shown that even well-designed safeguarding can fail or be violated and information
for use may not be followed.

Inherently safe design measures are achieved by avoiding hazards or reducing risks by a suitable choice of

design features for the machine itself and/or interaction between the exposed persons and the machine.

NOT

objeg

6.2.2

6.2.2.

Such

a)

b)

See 6.3 for safeguarding and complementary measures that can be used to achieve_the
tives in the case where inherently safe design measures are not sufficient (see 6.1 for the threg=step mg

Consideration of geometrical factors and physical aspects

1 Geometrical factors
factors include the following.
The form of machinery is designed to maximize direct visibility0f the working areas and h

ndirect vision where necessary (mirrors, etc.) so as to take into account the characteristi
Vision, particularly when safe operation requires permanent direct control by the operator, for

+— the travelling and working area of mobile machines;

the zone of movement of lifted loads or of the carrier of machinery for lifting persons;
the area of contact of the tool of a hand-held or hand-guided machine with the material b

The design of the machine shall (be such that, from the main control position, the operat
bnsure that there are no exposed persons in the danger zones.

he form and the relativeocation of the mechanical components parts: for instance, d
shearing hazards are avoided by increasing the minimum gap between the moving parts, s
part of the body under-eonsideration can enter the gap safely, or by reducing the gap so th
he body can enter-it\(see ISO 13854 and ISO 13857).

Avoiding shafp-edges and corners, protruding parts: in so far as their purpose allows, acces
he machinery shall have no sharp edges, no sharp angles, no rough surfaces, no protrudin
0 causeninjury, and no openings which can “trap” parts of the body or clothing. In particular,
pdges;shall be deburred, flanged or trimmed, and open ends of tubes which can cause a “4
Capped.

risk reduction
bthod).

azard zones

rom the control position — reducing blind spots, for example/— and choosing and locatipg means of

cs of human
example:

ping worked.

br is able to

rushing and
uch that the
at no part of

sible parts of
y parts likely
sheet metal
rap” shall be

d) The form of the machine is designed so as to achieve a suitable working position and provide accessible

6.2.2.2

manual controls (actuators).

Physical aspects

Such aspects include the following:

a) limiting the actuating force to a sufficiently low value so that the actuated part does not generate a
mechanical hazard,;
b) limiting the mass and/or velocity of the movable elements, and hence their kinetic energy;

© 1SO 2010 — All rights reserved
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c) limiting the emissions by acting on the characteristics of the source using measures for reducing
1) noise emission at source (see ISO/TR 11688-1),
2) the emission of vibration at source, such as redistribution or addition of mass and changes of
process parameters [for example, frequency and/or amplitude of movements (for hand-held and

hand-guided machinery, see CR 1030-1)],

3) the emission of hazardous substances, including the use of less hazardous substances or
dust-reducing processes (granules instead of powders, milling instead of grinding), and

4) radfaton emissIons, TNCIUdng, Tor eXampie, avolaing the USe O NaZaraous Taalation SOUrces, 1 iting
the| power of radiation to the lowest level sufficient for the proper functioning of the maghine,
dedigning the source so that the beam is concentrated on the target, increasing the distan¢e)betyveen
the| source and the operator or providing for remote operation of the machinery [measuregs for
redicing emission of non-ionizing radiation are given in 6.3.4.5 (see also ENX2198-1| and
EN|[12198-3)].

6.2.3 Taking into account general technical knowledge of machine design

This general technical knowledge can be derived from technical specifications for design (standards, design
codes, calculation rules, etc.), which should be used to cover

a) mechanfical stresses such as

— strgss limitation by implementation of correct calculation, “Construction and fastening methods as
regprds, for example, bolted assemblies and welded assemblies,

— strgss limitation by overload prevention (bursting:disk, pressure-limiting valves, breakage points,
torque-limiting devices, etc.),

— avdiding fatigue in elements under variable stresses (notably cyclic stresses), and
— stalic and dynamic balancing of rotating;elements,
b) materials and their properties such as
— res|stance to corrosion, ageing, abrasion and wear,
— harfiness, ductility, brittleness,
— homogeneity,
— toxicity, and

— flammability, and

C) emission values for
— noise,
— vibration,
— hazardous substances, and
— radiation.
When the reliability of particular components or assemblies is critical for safety (for example, ropes, chains,

lifting accessories for lifting loads or persons), stress limits shall be multiplied by appropriate working
coefficients.
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6.2.4 Choice of appropriate technology

One or more hazards can be eliminated or risks reduced by the choice of the technology to be used in certain

applications such as the following:
a) on machines intended for use in explosive atmospheres, using
— appropriately selected pneumatic or hydraulic control system and machine actuators,

— intrinsically safe electrical equipment (see IEC 60079-11);

b) for particular products 1o be processed (for example, by a solvent), by using equipment thaf

emperature will remain far below the flash point;
c) the use of alternative equipment to avoid high noise levels, such as
1+— electrical instead of pneumatic equipment,

1+— in certain conditions, water-cutting instead of mechanical equipment.

6.2.5 Applying principle of positive mechanical action

com
operation of switching devices in an electrical circuit (see IEC60947-5-1 and ISO 14119).

NOTIE
gravify or spring force), there is no positive mechanical action, of the first component on the second.

6.2.4 Provisions for stability

Machines shall be designed so that they have sufficient stability to allow them to be used s

spedfied conditions of use. Factors to be taken into account include
— the geometry of the base,

— the weight distribution, including loading,

— the dynamic forces due to movements of parts of the machine, of the machine itself or of e

by the machine«which can result in an overturning moment,
— Vibration,

— pscillations of the centre of gravity,

PosiJ)ive mechanical action is achieved when a moving mechanical component inevitably mg
onent along with it, either by direct contact or via rigid elements. An example of this is pos

Where a mechanical component moves and thussallows a second component to move freely (fg

ensures the

ves another
tive opening

r example, by

afely in their

ements held

I} e ) Y w4 H - ITH H o | Pt alabl n
— ClialidULTTIoULS Ul UIT SUPPUTUTNTY SUltdLT 1T LdAdoT Ul Uaveliiity Ul Triolaliatiurm UTT UlITTTTI Il S

conditions, slope, etc.), and

— external forces, such as wind pressure and manual forces.

ites (ground

Stability shall be considered in all phases of the life cycle of the machine, including handling, travelling,

installation, use, dismantling, disabling and scrapping.

Other protective measures for stability relevant to safeguarding are given in 6.3.2.6.

© 1SO 2010 — All rights reserved
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6.2.7 Provisions for maintainability

When designing a machine, the following maintainability factors shall be taken into account to enable
maintenance of the machine:

6.2.8 Obseérving ergonomic principles

accessibility, taking into account the environment and the human body measurements, including the
dimensions of the working clothes and tools used;

ease of handling, taking into account human capabilities;

limitation of the number of special tools and equipment.

Ergonomic principles shall be taken into account in designing machinery so as to reduce~the menftal or
physical stress of, and strain on, the operator. These principles shall be considered when allogating fungtions

to operator gnd machine (degree of automation) in the basic design.

NOTE

errors at all stages of machine use.

Also improved are the performance and reliability of operation and hence the reduction in the probability of

Account sha]l be taken of body sizes likely to be found in the intended user population, strengths and posfures,

movement amplitudes, frequency of cyclic actions (see ISO 10075 and ISQ, 10075-2).

All elements|of the operator—machine interface, such as controls, signalling or data display elements, shall be
designed to|be easily understood so that clear and unambiguous, interaction between the operator and the

machine is gossible. See EN 614-1, EN 13861 and IEC 61310-1:

The designef's attention is particularly drawn to following ergonhomic aspects of machine design.

a)

f)

26

Avoid the necessity for stressful postures and movements during the use of the machine (for example,

providing facilities to adjust the machine to suif'the various operators).

Design machines, especially hand-held and-mobile machines, so as to enable them to be operated egsily,

taking into account human effort, actuation of controls and hand, arm and leg anatomy.
Limit as|far as possible noise, vibration and thermal effects such as extreme temperatures.

Avoid linking the operator's.working rhythm to an automatic succession of cycles.

Provide| local lighting~on/ or in the machine for the illumination of the working area and of adjusting,
setting-ip and frequent maintenance zones when the design features of the machine and/or its gyards
render the ambiéent'lighting inadequate. Flicker, dazzling, shadows and stroboscopic effects shgll be
avoided|if they*can cause a risk. If the position or the lighting source has to be adjusted, its location|shall

be such|that itddoes not cause any risk to persons making the adjustment.

Select, [6cate and identity manual controls (actuators) so that

they are clearly visible and identifiable, and appropriately marked where necessary (see 6.4.4),

they can be safely operated without hesitation or loss of time and without ambiguity (for example, a
standard layout of controls reduces the possibility of error when an operator changes from a machine
to another one of similar type having the same pattern of operation),

their location (for push-buttons) and their movement (for levers and hand wheels) are consistent with
their effect (see IEC 61310-3), and

their operation cannot cause additional risk.

See also ISO 9355-3.
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Where a control is designed and constructed to perform several different actions — namely, where there
is no one-to-one correspondence (for example, keyboards) — the action to be performed shall be clearly
displayed and subject to confirmation where necessary.

Controls shall be so arranged that their layout, travel and resistance to operation are compatible with the
action to be performed, taking account of ergonomic principles. Constraints due to the necessary or
foreseeable use of personal protective equipment (such as footwear, gloves) shall be taken into account.

g) Select, design and locate indicators, dials and visual display units so that

6.2.9
For
discd

relat
IEC

6.2.1

Pney

NOTE

they fit within the parameters and characteristics of human perception,

information displayed can be detected, identified and interpreted conveniently, j.e:
distinct, unambiguous and understandable with respect to the operator's requireme
intended use, and

the operator is able to perceive them from the control position.
Electrical hazards
the design of the electrical equipment of machines, IEC 60204-1" gives general prov

bd to specific machines, see corresponding IEC standards—(for example, IEC 61029, I
50335).

0 Pneumatic and hydraulic hazards
matic and hydraulic equipment of machinery shallbe designed so that

he maximum rated pressure cannot be exceeded in the circuits (using, for example, preg
Hevices),

no hazard results from pressure fluetuations or increases, or from loss of pressure or vacuum

no hazardous fluid jet or sudden hazardous movement of the hose (whiplash) results fron
component failures,

pir receivers, air reservoirs or similar vessels (such as in gas-loaded accumulators) com
pplicable design standard codes or regulations for these elements,

bl elements ofithe equipment, especially pipes and hoses, are protected against harmful exte
bs far as,/possible, reservoirs and similar vessels (for example, gas-loaded accum

butomatically depressurized when isolating the machine from its power supply (see 6.3.5.4
bossible, means are provided for their isolation, local depressurizing and pressure indicati

long-lasting,
nts and the

sions about

nnection and switching of electrical circuits and for protection against electric shock. For fequirements

EC 60745 or

sure-limiting

h leakage or

ply with the

rnal effects,

ulators) are
) and, if not
bn (see also

S0’14118:2000, Clause 5), and

all elements which remain under pressure after isolation of the machine from its power supply are

provided with clearly identified exhaust devices, and there is a warning label drawing attention to the

necessity of depressurizing those elements before any setting or maintenance activity on the

See also ISO 4413 and ISO 4414.

© 1SO 2010 — All rights reserved
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6.2.11 Applying inherently safe design measures to control systems

6.2.11.1 General

The design measures of the control system shall be chosen so that their safety-related performance provides
a sufficient amount of risk reduction (see 1ISO 13849-1 or IEC 62061).

The correct design of machine control systems can avoid unforeseen and potentially hazardous machine

behaviour.

Typical caus

es of hazardous machine behaviour are

— anunsu
— atempg
— avariati
— inappro
Typical exan
— unexpe

— uncontr

itable design or modification (accidental or deliberate) of the control system logic,

rary or permanent defect or failure of one or several components of the control system,
pn or a failure in the power supply of the control system, and

briate selection, design and location of the control devices.

nples of hazardous machine behaviour are

ted start-up (see ISO 14118),

blled speed change,

— failure t¢ stop moving parts,

— droppin

) or ejection of part of the machine or of a workpiece-clamped by the machine, and

— maching action resulting from inhibition (defeating or failure) of protective devices.

In order to

systems shg
These princi
(see ISO 13

Control syst
requires ong

— systems
— provisio
interrup
part of t

— clear dig

prevent hazardous machine behaviour, and to achieve safety functions, the design of cg
Il comply with the principles and methods presented in this subclause (6.2.11) and in 6.
ples and methods shall be applied singly or in combination as appropriate to the circumsta
B49-1, IEC 60204-1 and IEC 62061).

ems shall be designed to ehable the operator to interact with the machine safely and easily.
or several of the following-solutions:

tic analysis of start\ahd stop conditions;

h for specificsoperating modes (for example, start-up after normal stop, restart after
ion or afterc.emergency stop, removal of the workpieces contained in the machine, operatior]
ne machine)in case of a failure of a machine element);

play ofthe faults;

ntrol
P.12.
nces

This

cycle
of a

— measur

ps 40 prevent accidental generation of unexpected start commands (for example, shrouded

start

device)

likely to cause dangerous machine behaviour (see ISO 14118:2000, Figure 1);

— maintained stop commands (for example, interlock) to prevent restarting that could result in dangerous
machine behaviour (see ISO 14118:2000, Figure 1).

An assembly of machines may be divided into several zones for emergency stopping, for stopping as a result
of protective devices and/or for isolation and energy dissipation. The different zones shall be clearly defined
and it shall be obvious which parts of the machine belong to which zone. Likewise, it shall be obvious which
control devices (for example, emergency stop devices, supply disconnecting devices) and/or protective
devices belong to which zone. The interfaces between zones shall be designed such that no function in one
zone creates hazards in another zone which has been stopped for an intervention.

28
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Control systems shall be designed to limit the movements of parts of the machinery, the machine itself, or
workpieces and/or loads held by the machinery, to the safe design parameters (for example, range, speed,
acceleration, deceleration, load capacity). Allowance shall be made for dynamic effects (swinging of loads,
etc.).

For example:

compatible with walking speed;

the travelling speed of mobile pedestrian controlled machinery other than remote-controlled shall be

the range, speed, acceleration and deceleration of movements of the person-carrier and carrying vehicle

Whe
bed

6.2.1

The
haza

For 6

See

6.2.1

The

appli
pass

The
fluid
state

In ce
mea

Or iting persons shall be lImited 1o non-hazardous values, taking Into account the total rea
he operator and the machine;

he range of movements of parts of machinery for lifting loads shall be kept within specified lin

N the machinery contains various elements that can be operated independently;.the control
psigned to prevent risks arising out of a lack of coordination (for example, collision prevention

1.2 Starting of an internal power source/switching on an external-power supply

starting of an internal power source or switching-on of an external power supply shall ng
rdous situation.

xample:
starting the internal combustion engine shall not lead.to movement of a mobile machine;
connection to mains electricity supply shall not.result in the starting of working parts of a mac

EC 60204-1:2005, 7.5 (see also Annexes\A’'and B).

1.3 Starting/stopping of a mechahism

primary action for starting oftaccelerating the movement of a mechanism should be perfo
cation or an increase of wvoltage or fluid pressure, or — if binary logic elements are cons
age from state 0 to state T-(where state 1 represents the highest energy state).

primary action fop-stopping or slowing down should be performed by removal or reduction
pressure, or —<if-binary logic elements are considered — by passage from state 1 to st
1 representsithe highest energy state).

rtain applieations, such as high-voltage switchgear, this principle cannot be followed, in whic
sures‘should be applied to achieve the same level of confidence for the stopping or slowing d

ction time of

nits.

system shall
system).

t result in a

nine.

rmed by the
dered — by

bf voltage or
ate 0 (where

h case other
bwn.

Whe

ot observed

h—in order for the opnerator to_maintain nermanent control of deceleration.this princinle is o
Y Lag ™ Y Lag ™

(for example, a hydraulic braking device of a self-propelled mobile machine), the machine shall be equipped
with a means of slowing and stopping in case of failure of the main braking system.

6.2.1

1.4 Restart after power interruption

If a hazard could be generated, the spontaneous restart of a machine when it is re-energized after power
interruption shall be prevented (for example, by use of a self-maintained relay, contactor or valve).

© 1SO 2010 — All rights reserved
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terruption of power supply

Machinery shall be designed to prevent hazardous situations resulting from interruption or excessive
fluctuation of the power supply. At least the following requirements shall be met:

— the stop

ping function of the machinery shall remain;

all devices whose permanent operation is required for safety shall operate in an effective way to maintain

safety (for example, locking, clamping devices, cooling or heating devices, power-assisted steering of
self-propelled mobile machinery);

parts of
potentia

6.2.11.6 Use of automatic monitoring

Automatic nf
measure do
diminished,

Automatic nponitoring either detects a fault immediately or carries out periodic checks so that a fa

detected be
initiated imm

The protecti

the stop

prevent

— the trigg

6.2.11.7 Safety functions implemented by programmable electronic control systems

machinery or workpieces and/or loads held by machinery which are liable to move as a res
| energy shall be retained for the time necessary to allow them to be safely lowered.

onitoring is intended to ensure that a safety function or functions implemented by a prots
not fail to be performed if the ability of a component or an element to_péerform its functi
br if the process conditions are changed such that hazards are generated.

ore the next demand upon the safety function. In either casej the protective measure c3
ediately or delayed until a specific event occurs (for example,.the beginning of the machine g

e measure may be, for example,
ping of the hazardous process,
ng the restart of this process after the first stop'following the failure, or

ering of an alarm.

ult of

ctive
bn is

Uit is
n be

ycle).

6.2.11.7.1 General
A control syptem that includes pregrammable electronic equipment (for example, programmable controflers)
can, where |appropriate, be usedto implement safety functions at machinery. Where a programmable

electronic cq
requirement
that the pro
affect the p
electronic cg
considered (

ntrol system is used, it is necessary to consider its performance requirements in relation t
5 for the safety.functions. The design of the programmable electronic control system shall be
pability of random hardware failures and the likelihood of systematic failures that can adve
brformance of the safety-related control function(s) is sufficiently low. Where a program
ntrol system performs a monitoring function, the system behaviour on detection of a fault sh
Seealso the IEC 61508 series for further guidance).

D the
such
rsely
able
Il be

NOTE B 1able

electronic control systems.

plalOaN 40040 4 LEOo aonnd Tt Lok Frm .l .l L T Dy
UlUTTOU TOO5I=T dllU TV UZUU T, SPCUIIL U TTIaUTITITy SdiTly, PIrUVIUT yuludlivt appiitduic tu proyraltil

The programmable electronic control system should be installed and validated to ensure that the specified
performance [for example, safety integrity level (SIL) in IEC 61508] for each safety function has been
achieved. Validation comprises testing and analysis (for example, static, dynamic or failure analysis) to show
that all parts interact correctly to perform the safety function and that unintended functions do not occur.
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The hardware (including, for example, sensors, actuators and logic solvers) shall be selected, and/or designed
and installed, to meet both the functional and performance requirements of the safety function(s) to be

perfo

rmed, in particular, by means of

detection of a fault, etc.),

hardware failure, and

6.2.1

The
desig

Appl
softw
circuy

Whe
funct

6.2.1
Thes

a)

b)

c)

he incorporation of measures and techniques within the hardware so as to avoid systematig
control systematic faults.

1.7.3 Software aspects

software, including internal operating software (or system software) and application softw
ned so as to satisfy the performance specification for the safety functiong(see also IEC 615(

cation software should not be reprogrammable by the user. This maybe achieved by use (
are in a non-reprogrammable memory [for example, micro-controller, application-specif
t (ASIC)].

n the application requires reprogramming by the user, the access to the software dealing
ions should be restricted (for example, by locks or passwords for the authorized persons).

1.8 Principles relating to manual control
e are as follows.

Manual control devices shall be desighed and located according to the relevant ergonon
jiven in 6.2.8, item f).

A stop control device shall be _placed near each start control device. Where the start/sto
berformed by means of a holdsto-run control, a separate stop control device shall be provideg
Can result from the hold-te=run control device failing to deliver a stop command when release

Manual controls shall be' located out of reach of the danger zones (see IEC 61310-3), exce
controls where, of-necessity, they are located within a danger zone, such as emergency s
bendant.

Whenever possible, control devices and control positions shall be located so that the opera
bbserve the working area or hazard zone.

1) The driver of a ride-on mobile machine shall be able to actuate all control devices require

architectural constraints (the configuration of the system, its ability to tolerate faults, its behaviour on

selection, and/or design, of equipment and devices with an appropriate probability of dangerous random

failures and

are, shall be
8-3).

f embedded
c integrated

with safety

ic principles

b function is
when a risk
.
bt for certain
top or teach

or is able to

bd to operate

the machine from the driving position, except for functions which can be controlled mortf safely from

2)

e)

f)

41 e
oticer pousituurts.

On machinery intended for lifting persons, controls for lifting and lowering and, if appropriate, for

moving the carrier shall generally be located in the carrier. If safe operation requires controls to be
situated outside the carrier, the operator in the carrier shall be provided with the means of preventing

hazardous movements.

If it is possible to start the same hazardous element by means of several controls, the control circuit shall
be so arranged that only one control is effective at a given time. This applies especially to machines
which can be manually controlled by means of, among others, a portable control unit (such as a teach
pendant), with which the operator can enter danger zones.

without intentional operation (see 1ISO 9355-1, ISO 9355-3 and ISO 447).

© 1SO 2010 — All rights reserved
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For machine functions whose safe operation depends on permanent, direct control by the operator,

measures shall be implemented to ensure the presence of the operator at the control position (for
example, by the design and location of control devices).

h)

including loss of communication (see IEC 60204-1).

6.2.11.9 Control mode for setting, teaching, process changeover, fault-finding, cleaning or
maintenance

For cableless control, an automatic stop shall be performed when correct control signals are not received,

Where, for settmg, teachlng process changeover fault fmdlng, cleanlng or maintenance of machmery,

guard has to
for the purp

safety of the
a) disableg
b) permits

two-han
c) permits

reduced
d) prevent

sensors
NOTE F
This control
— restricti
— emerge
— portable
See IEC 602

6.2.11.10 Selection of control and.operating modes

If machinery
different prg

maintenancs,

position of th

The selectof
machinery t

all other control modes,

operation of the hazardous elements only by continuous actuation of an' enabling devi
d control device or a hold-to-run control device,

operation of the hazardous elements only in reduced risk conditions (fer-example, reduced sy
power/force, step-by-step, for example, with a limited movement control device), and

5 any operation of hazardous functions by voluntary or involuntary action on the mach

br some special machinery other protective measures can be appropriate.
mode shall be associated with one or more of the _following measures:
n of access to the danger zone as far as possible;

ncy stop control within immediate reach of the operator;

control unit (teach pendant) and/ar local controls (allowing sight of the controlled elements).

04-1.

tective measutes and/or work procedures (for example, to allow for adjustment, se
inspection),4t-shall be fitted with a mode selector which can be locked in each position.
e selectorshall be clearly identifiable and shall exclusively allow one control or operating mo

may \be replaced by another selection means which restricts the use of certain functions @

pbse of these operatlons for the machinery or part of the machmery to be put into operation
operator shall be achieved using a specific control mode which simultaneously

re, a

eed,

ine's

has been designed-and built to allow for its use in several control or operating modes requiring

tting,
Each
le.

f the

D Certain categories of operators (for example, access codes for certain numerically contrlolled

functions).

6.2.11.11 Applying measures to achieve electromagnetic compatibility (EMC)

For guidance on electromagnetic compatibility, see IEC 60204-1 and IEC 61000-6.

6.2.11.12 Provision of diagnostic systems to aid fault-finding

Diagnostic systems to aid fault-finding should be included in the control system so that there is no need to
disable any protective measure.

NOTE

maintenance staff to hazards.

32

Such systems not only improve availability and maintainability of machinery, they also reduce the exposure of
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6.2.12 Minimizing probability of failure of safety functions

6.2.12.1 General

00:2010(E)

Safety of machinery is not only dependent on the reliability of the control systems but also on the reliability of

all parts of the machine.

The continued operation of the safety functions is essential for the safe use of the machine.
achieved by the measures given in 6.2.12.2 t0 6.2.12.4.

nts

This can be

ipble components” means components which are capable of withstanding all disturbances
iated with the usage of the equipment in the conditions of intended use (including|the e

compgonents.

6.2.12.3 Use of “oriented failure mode” components

“Orignted failure mode” components or systems are those in which the predominant failure mode

hnd stresses
hvironmental

i taking into

4).

ust, corrosive
generated by
bntrol system

is known in

advance and which can be used so that the effect of’such a failure on the machine function can be predicted.

NOT In some cases, it will be necessary to take additional measures to limit the negative effects of su

The |use of such components should ,always be considered, particularly in cases where redu
6.2.12.4) is not employed.

6.2.12.4 Duplication (or redundancy) of components or subsystems

th a failure.

ndancy (see

In the design of safety-related parts of the machine, duplication (or redundancy) of components may be used

so that, if one component fails, another component or components continue to perform th
function(s), thereby ensuring that the safety function remains available.

In or
(see
than

Her to allow\the proper action to be initiated, component failure shall be detected by automat
6.2.11.6)or in some circumstances by regular inspection, provided that the inspection inten
the expected lifetime of the components.

a)
-

respective

Cc monitoring
al is shorter

Dive

sity of design and/or technology can be used to avoid common cause failures (for example, from

electromagnetic disturbance) or common mode failures.

6.2.13 Limiting exposure to hazards through reliability of equipment

Increased reliability of all component parts of machinery reduces the frequency of incidents requiring

intervention, thereby reducing exposure to hazards.

This applies to power systems (operative part, see Annex A) as well as to control systems, and to safety

functions as well as to other functions of machinery.

Safety-related components (for example, certain sensors) of known reliability shall be used.
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The elements of guards and of protective devices shall be especially reliable, as their failure can expose
persons to hazards, and also because poor reliability would encourage attempts to defeat them.

6.2.14 Limiting exposure to hazards through mechanization or automation of loading (feeding)/
unloading (removal) operations

Mechanization and automation of machine loading/unloading operations and, more generally, of handling
operations — of workpieces, materials or substances — limits the risk generated by these operations by

reducing the

exposure of persons to hazards at the operating points.

Automation can be achieved by, for example, robots, handling devices, transfer mechanisms and air-blast

equipment.
indexing tab

While auton
operators, th
use of thesdg
and parts of
provided if th

Mechanization can be achieved by, for example, feeding slides, push-rods and hand-ope
es.

natic feeding and removal devices have much to offer in preventing accidents 6 ma
ey can create danger when any faults are being corrected. Care shall be taken to ensure thz
devices does not introduce further hazards, such as trapping or crushing, between the de
the machine or workpieces/materials being processed. Suitable safeguards”(see 6.3) sha
is cannot be ensured.

Automatic fgeding and removal devices with their own control systems and. the control system o

associated 1
all the contrg

6.2.15 Limi

danger zongs

The need fg
points outsid

hachine shall be interconnected after thorough study of how all safety functions are perform
| and operation modes of the entire equipment.

ing exposure to hazards through location of setting.and maintenance points outside

e these zones.

6.3 Safequarding and complementary protective measures
6.3.1 Geng¢ral
Guards and [protective devices shall be used to protect persons whenever an inherently safe design mea

does not red
protective m

implemented.

NOTE Tl
Certain safe

EXAMPLE
levels and col

sonably make it possibleceither to remove hazards or to sufficiently reduce risks. Compleme
Pasures involving addijtienal equipment (for example, emergency stop equipment) may have
ne different kinds{ofyguards and protective devices are defined in 3.27 and 3.28.

juards may, be used to avoid exposure to more than one hazard.

A fixed guard preventing access to a zone where a mechanical hazard is present used to reduce
eet toxic emissions.

rated

chine
t the
vices
Il be

f the
ed in

r access to danger zones shall be minimized by, locating maintenance, lubrication and se¢tting

sure
ntary
to be

noise

34

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7ac57adff8a5b7de7a4f74a66706cbdd

6.3.2

6.3.2.1

ISO 121

Selection and implementation of guards and protective devices

General

00:2010(E)

This subclause gives guidelines for the selection and the implementation of guards and protective devices the
primary purpose of which is to protect persons against hazards generated by moving parts, according to the
nature of those parts (see Figure 4) and to the need for access to the danger zone(s).

The exact choice of a safeguard for a particular machine shall be made on the basis of the risk assessment
for that machine.

In sg
mind
requ
As th
requ
equi
A co
guar
the n

draw
fixed

Cons
prote

a)

b)
c)
d)

The
conc

lecting an appropriate safeguard for a particular type of machinery or hazard zone, it shall
that a fixed guard is simple and shall be used where the access of an operator into a dange
red during the normal operation (operation without malfunction) of the machinery.

e need for frequency of access increases, this inevitably leads to the fixed guardnot being re
res the use of an alternative protective measure (movable interlocking (guard, sensitiv
bment).

mbination of safeguards can sometimes be required. For example,~where, in conjunction
1, a mechanical loading (feeding) device is used to feed a workpiece into a machine, there
eed for access to the primary hazard zone, a trip device can besequired to protect against th
ing-in or shearing hazard between the mechanical loading_(feeding) device, when reacha
guard.

ction against several hazards including

nazards from falling or ejected objects, usingy,for example, protection in the form of a 1
protection structure (FOPS),

bmission hazards (protection against noise, vibration, radiation, substances hazardous to hea
hazards due to the environment (protection against heat, cold, foul weather, etc.),
hazards due to tipping over~or rolling over of machinery, using, for example, protection in

foll-over or tip-over protection structures (ROPS and TOPS).

erning visibility, lighting, atmospheric conditions, access, posture.

be borne in
r zone is not

placed. This
e protective

with a fixed
by removing
e secondary
ble, and the

ideration shall be given to the enclosure of control positions or intervention zones to provige combined

alling object

Ith, etc.),

the form of

Hesign of enclosed, work stations, such as cabs and cabins, shall take into account ergononic principles
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Hazard generated by
moving transmission parts

Hazard generated by moving parts contributing to the work
(directly involved in the process — for example, tools)

Can

these elements

be made completely
inaccessible

Yes

)

while working ?

No

!

fixed guards
(see 6.3.3.2.2)

v -

— fixed quards
(see 6.3.3.2.2) or

or — interlocking movable
guards with or without
guard locking with
automatic monitoring

(see 6.3.3.2.3)

— interlocking movable
guardsg with or without guard
locking with automatic
monitofing
(see 6)3.3.2.3) or

- protective devices
(see 6.3.3.3)

selected as\a function of
the need-foraccess to the
danger'zone and of the
characteristics of the hazard
(s€€'6.3.2.2 and 6.3.2.3)

— fixed guards (see 6.3.3.2.2)
or movable guards
(see'6:3.3.2.3)
preventing access to the
moving parts within the zongs
where they are not used in the
work

and

— adjustable guards
(see 6.3.3.2.4) restricting
access to the moving parts
within those zones where
access is necessary for the
process

by moving parts

6.3.2.2 Where access to the hazard zone is not required during normal operation

Figure 4 — Guidelines for choosing safeguards against hazards generated

Where acce$stg the hazard zone is not required during normal operation of the machinery, safeguards sipould

be selected tromthe foftowing:

a) fixed guards (see also ISO 14120);

b) interlocking guards with or without guard locking (see also 6.3.3.2.3, ISO 14119 and ISO 14120);

c) self-closing guards (see ISO 14120:2002, 3.3.2);

d) sensitive protective equipment, such as electrosensitive protective equipment (see IEC 61496) or

pressure-sensitive protective devices (see ISO 13856).

36

© 1SO 2010 — All rights reserved



https://standardsiso.com/api/?name=7ac57adff8a5b7de7a4f74a66706cbdd

ISO 12100:2010(E)

6.3.2.3 Where access to the hazard zone is required during normal operation

Where access to the hazard zone is required during normal operation of the machinery, safeguards should be
selected from the following:

a) interlocking guards with or without guard locking (see also ISO 14119, ISO 14120 and 6.3.3.2.3 of this
document);

b) sensitive protective equipment, such as electrosensitive protective equipment (see IEC 61496);

c) adjustable guards;

d) pelf-closing guards (see ISO 14120:2002, 3.3.2);
e) fwo-hand control devices (see ISO 13851);

f)  Interlocking guards with a start function (control guard) (see 6.3.3.2.5).

6.3.2.4 Where access to the hazard zone is required for machine setting, teaching, process
changeover, fault-finding, cleaning or maintenance

As far as possible, machines shall be designed so that the safeguards. provided for the protéction of the
prodpction operator also ensure the protection of personnel carrying out setting, teachipg, process
changeover, fault-finding, cleaning or maintenance, without hindefing them in the performance pf their task.
Such] tasks shall be identified and considered in the risk assessment as parts of the use of the machine
(seel5.2).

NOTIEE Isolation and energy dissipation for machine shut-down (see 6.3.5.4, and also 1SO 14118:4000, 4.1 and
Clauge 5) ensure the highest level of safety when carrying out tasks (especially maintenance and repair tasks) that do not
requife the machine to remain connected to its power supply:

6.3.2.5 Selection and implementation of sensitive protective equipment’)
6.3.2.5.1 Selection

Due [to the great diversity of the technelogies on which their detection function is based, all types of sensitive
protgctive equipment are far from being equally suitable for safety applications. The following provisions are
intended to provide the designer;with criteria for selecting, for each application, the most suitable device(s).

Typgs of sensitive protective’equipment include
— light curtains,
— pcanning devices, for example, laser scanners,

— pressure-sensitive mats, and

— Triprbars, trip wires.

Sensitive protective equipment can be used
— for tripping purposes,

— for presence sensing,

— for both tripping and presence sensing, or

— to re-initiate machine operation — a practice subject to stringent conditions.

1) More details are given in IEC/TS 62046.
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NOTE Some types of sensitive protective equipment can be unsuitable either for presence sensing or for tripping
purposes.

The following characteristics of the machinery, among others, can preclude the sole use of sensitive protective
equipment:

— tendency for the machinery to eject materials or component parts;
— necessity to guard against emissions (noise, radiation, dust, etc.);

— erratic or excessive machine stopping time;

— inabilityjof a machine to stop part-way through a cycle.

6.3.2.5.2 mplementation
Consideratign should be given to

a) the sizg, characteristics and positioning of the detection zone (see 1SO 13855, which deals with the
position|ng of some types of sensitive protective equipment),

b) the readtion of the device to fault conditions (see IEC 61496 for electros€nsitive protective equipment)

c) the possibility of circumvention, and
d) detectioh capability and its variation over the course of time (as‘a result, for example, of its susceptjbility
to diffeent environmental conditions such as the presence: of reflecting surfaces, other artificial light
sources|and sunlight or impurities in the air).

NOTE 1

HC 61496 defines the detection capability of electrosensitive protective equipment.

Sensitive protective equipment shall be integrated in:the operative part and associated with the control syistem
of the machihe so that

— acommiand is given as soon as a person or part of a person is detected,
— the witt{drawal of the person of_part of a person detected does not, by itself, restart the hazandous
machinm function(s), and thérefore the command given by the sensitive protective equipment is

maintained by the control system until a new command is given,

— restarting the hazardeus/machine function(s) results from the voluntary actuation by the operator| of a
control device placed outside the hazard zone, where this zone can be observed by the operator,

— the machine _cannot operate during interruption of the detection function of the sensitive protgctive
equipment,except during muting phases, and

— the positiomand the stape of the detection fietfd prevents,; possibly together with fixed guards, a person or
part of a person from entering or being present in the hazard zone without being detected.

NOTE 2  Muting is the temporary automatic suspension of a safety function(s) by safety-related parts of the control
system (see ISO 13849-1).

For detailed consideration of the fault behaviour of, for example, active optoelectronic protective devices,
IEC 61496 should be taken into account.

6.3.2.5.3 Additional requirements for sensitive protective equipment when used for cycle initiation

In this exceptional application, the starting of the machine cycle is initiated by the withdrawal of a person or of
the detected part of a person from the sensing field of the sensitive protective equipment, without any
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additional start command, hence deviating from the general requirement given in the second point of the
dashed list in 6.3.2.5.2, above. After switching on the power supply, or when the machine has been stopped
by the tripping function of the sensitive protective equipment, the machine cycle shall be initiated only by
voluntary actuation of a start control.

Cycle initiation by sensitive protective equipment shall be subject to the following conditions:
a) only active optoelectronic protective devices (AOPDs) complying with IEC 61496 series shall be used;
b) the requirements for an AOPD used as a tripping and presence-sensing device (see IEC 61496) are

satisfied — in particular, location, minimum distance (see ISO 13855), detection capability, reliability and
'nnnifnring of control and hrnking QnyDmQ:

c) the cycle time of the machine is short and the facility to re-initiate the machine upen“clearing of the
sensing field is limited to a period commensurate with a single normal cycle;

d) entering the sensing field of the AOPD(s) or opening interlocking guards is theyonly way |to enter the
hazard zone;

e) |f there is more than one AOPD safeguarding the machine, only one of the AOPDs is capable of cycle
Fe-initiation;

f)  with regard to the higher risk resulting from automatic cycle initiation, the AOPD and th¢ associated
control system comply with a higher safety-related performance-than under normal conditions|.

NOTE 1  The hazard zone as referred to in d) is any zone where the hazardous function (including ancillary equipment
and tfansmission elements) is initiated by clearing of the sensing field.

NOTE 2  See also IEC/TS 62046.

6.3.2.6 Protective measures for stability

If stgbility cannot be achieved by inherently safe design measures such as weight distribution (fee 6.2.6), it
shalllbe maintained by the use of protective-measures such as

— fanchorage bolts,

— locking devices,

— Mmovement limiters or mechanical stops,
— fcceleration or deceleration limiters,

— |oad limiters, @nd

— glarms warning of the approach to stability or tipping limits.

6.3.4.7-. “Other protective devices

When a machine requires continuous control by the operator (for example, mobile machines, cranes) and an
error of the operator can generate a hazardous situation, this machine shall be equipped with the necessary
devices to enable the operation to remain within specified limits, in particular

— when the operator has insufficient visibility of the hazard zone,

— when the operator lacks knowledge of the actual value of a safety-related parameter (distance, speed,
mass, angle, etc.), and

— when hazards can result from operations other than those controlled by the operator.
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The necessary devices include

for limiting parameters of movement (distance, angle, velocity, acceleration),

overloading and moment limiting devices,

to prevent collisions or interference with other machines,

for preventing hazards to pedestrian operators of mobile machinery or other pedestrians,

torque limiting devices, and breakage points to prevent excessive stress of components and assemblies,

a) devices
b)

c) devices
d) devices
e)

f)  devices
g) devices
h) devices
i) devices
j)  devices
k) devices
Automatic p|
control of. t
accompanie

6.3.3 Requirements for design of guards and protective devices

6.3.3.1 G
Guards and
mechanical
environment
minimum po
reduce any i

NOTE
IEC 62061.

F

Guards and

a) beofro

for limiting pressure or temperature,

for monitoring emissions,

to prevent operation in the absence of the operator at the control position,
to prevent lifting operations unless stabilizers are in place,

to limit inclination of the machine on a slope, and

to ensure that components are in a safe position before travelling:
fotective measures triggered by such devices that take<eperation of the machinery out o

ne operator (for example, automatic stop of hazardous movement) should be precede
l by a warning signal to enable the operator to take-appropriate action (see 6.4.3).

eneral requirements

protective devices shall be designed to be suitable for the intended use, taking into ac
and other hazards involved. Guards and protective devices shall be compatible with the wo
of the machine and designed.'so that they cannot be easily defeated. They shall provids
ssible interference with activities during operation and other phases of machine life, in ord
hcentive to defeat them.

br additional informations see ISO 14120, ISO 13849-1, I1ISO 13851, ISO 14119, ISO 13856, IEC 6149

protective devices shall

bust construction,

f the
d or

ount
rking
e the
er to

b and

b) not give

rise to any additional hazard,

c)
d)
e)

f)

not be easy to bypass or render non-operational,
be located at an adequate distance from the danger zone (see ISO 13855 and ISO 13857),

cause minimum obstruction to the view of the production process, and

enable essential work to be carried out for the installation and/or replacement of tools and for

maintenance by allowing access only to the area where the work has to be carried out — if possible,
without the guard having to be removed or protective device having to be disabled.

For openings in the guards, see ISO 13857.
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6.3.3.2 Requirements for guards

6.3.3.2.1  Functions of guards

The functions that guards can achieve are

— prevention of access to the space enclosed by the guard, and/or

— containment/capture of materials, workpieces, chips, liquids which can be ejected or dropped by the
machine, and reduction of emissions (noise, radiation, hazardous substances such as dust, fumes,
gases) that can be generated by the machine.

Additionally, they could need to have particular properties relating to electricity, temperature\fire, explosion,
vibrTon, visibility (see ISO 14120) and operator position ergonomics (for example, @sability, operator's
movéments, postures, repetitive movements).

6.3.3.2.2 Requirements for fixed guards
Fixedl guards shall be securely held in place either
— permanently (for example by welding), or

— by means of fasteners (screws, nuts) making removal/opening impossible without using tools| they should
not remain closed without their fasteners (see ISO 14120);

NOTIEE A fixed guard can be hinged to assist in its opening.
6.3.3.2.3 Requirements for movable guards
Movable guards which provide protection against hazards generated by moving transmission part$ shall

a) gas far as possible when open remain-fixed to the machinery or other structure (generally py means of
hinges or guides), and

b) pe interlocking (with guard lecking when necessary) (see ISO 14119).
See Figure 4.

Movable guards against hazards generated by non-transmission moving parts shall be designed and
assoriated with the machine control system so that

— moving parts cannot start up while they are within the operator's reach and the operator gannot reach
movingsparts once they have started up, with this able to be achieved by interlocking guards$, with guard
ocking'when necessary,

— theycamrbeadjustedonty by armrintertiorataction, suchras the use of atootora key, and

— the absence or failure of one of their components either prevents starting of the moving parts or stops
them, with this able to be achieved by automatic monitoring (see 6.2.11.6).

See Figure 4 and ISO 14119.
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Requirements for adjustable guards

Adjustable guards may only be used where the hazard zone cannot for operational reasons be completely

enclosed.

Manually adjustable guards shall be

designed so that the adjustment remains fixed during a given operation, and

readily adjustable without the use of tools.

Requirements for interlocking guards with a start function (control guards)

ng guard with a start function may only be used provided that

Fements for interlocking guards are satisfied (see ISO 14119),

b time of the machine is short,

imum opening time of the guard is preset to a low value (for example,‘egual to the cycle time
s time is exceeded, the hazardous function(s) cannot be initiated by-the closing of the interlo

ith a start function and resetting is necessary before restarting the machine,

ensions or shape of the machine do not allow a person, or part of a person, to stay in the hé
between the hazard zone and the guard while the guard, is)closed (see ISO 14120),

guards, whether fixed (removable type) or movableyare interlocking guards,
ocking device associated with the interlocking.@uard with a start function is designed such th
hple, by duplication of position detectors and use of automatic monitoring (see 6.2.11.6) -

annot lead to an unintended/unexpected start-up, and

d is securely held open (for example, by a spring or counterweight) such that it cannot initi
le falling by its own weight.

Hazards from guards
b taken to prevent hazards which could be generated by
d construction (Sharp edges or corners, material, noise emission, etc.),

ements of\thé guards (shearing or crushing zones generated by power-operated guards ar
uards which are liable to fall).

6.3.3.2.5
An interlocki
a) all requi
b) the cycl
c) the max
when th
guard W
d) the dim
zone or
e) all other
f) theinter
for exan
failure ¢
g) the guar
start wh
6.3.3.2.6
Care shall b
— the gua
— the moy
heavy g
6.3.3.3

and,
cking

zard

at —
— its

bte a

d by

chhnical characteristics of protective devices

Protective devices shall be selected or designed and connected to the control system such that correct
implementation of their safety function(s) is ensured.

Protective devices shall be selected on the basis of their having met the appropriate product standard (for
example, IEC 61496 for active optoelectronic protective devices) or shall be designed according to one or
several of the principles formulated in ISO 13849-1 or IEC 62061.

Protective devices shall be installed and connected to the control system so that they cannot be easily

defeated.
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6.3.3.4 Provisions for alternative types of safeguards

Provisions should be made to facilitate the fitting of alternative types of safeguards on machinery where it is
known that it will be necessary to change the safeguards because of the range of work to be carried out.

6.3.4 Safeguarding to reduce emissions

6.3.4.1 General

If the measures for the reduction of emissions at source specified in 6.2.2.2 are not adequate, the machine
shall be provided with additional protective measures (see 6 34210634 5)

6.3.42 Noise

Additional protective measures against noise include
— enclosures (see ISO 15667),

— $creens fitted to the machine, and

— pilencers (see 1ISO 14163).

6.3.4.3 Vibration

Additional protective measures against vibration include
— YVibration isolators, such as damping devices placed:between the source and the exposed person,
— fesilient mounting, and
— suspended seats.

For measures for vibration isolation of stationary industrial machinery see EN 1299.

6.3.44 Hazardous substances

Additional protective measures.against hazardous substances include
— encapsulation of the machine (enclosure with negative pressure),
— |ocal exhaust ventilation with filtration,

— wetting with,liquids, and

— ppegcialventilation in the area of the machine (air curtains, cabins for operators).

See 156-4+4423-1-
6.3.4.5 Radiation

Additional protective measures against radiation include
— use of filtering and absorption, and

— use of attenuating screens or guards.
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6.3.5 Complementary protective measures

6.3.51 G

eneral

Protective measures which are neither inherently safe design measures, nor safeguarding (implementation of
guards and/or protective devices), nor information for use, could have to be implemented as required by the
intended use and the reasonably foreseeable misuse of the machine. Such measures include, but are not

limited to, th

6352 C

If, following

ose dealt with in 6.3.5.2 to0 6.3.5.6.

omponents and elements to achieve emergency stop function

risk assessment, a machine needs to be fitted with components and elements to achiey

emergency $top function for enabling actual or impending emergency situations to be averted, the.follg
requirement$ apply:

the act

this is n
emerge

NOTE F

Once active

effect of thig

the ems
necessd

tors shall be clearly identifiable, clearly visible and readily accessible;

the haz@rdous process shall be stopped as quickly as possible without creating additional hazards,

ot possible or the risk cannot be reduced, it should be questioned whether implementation
hcy stop function is the best solution;

rgency stop control shall trigger or permit the triggering of certain safeguard movements w
ry.

br more detailed provisions, see ISO 13850.

operation of the emergency stop device has ceased.following an emergency stop commang
command shall be sustained until it is reset. This reset shall be possible only at the loc

where the ¢mergency stop command has been initiated” The reset of the device shall not restar

machinery, &

More details
stop functior]

6.35.3 M
Measures fo
escape

arrange

arrange

6.3.54 M

anchord

ut shall only permit restarting.

for the design and selection of electrical components and elements to achieve the emerg
are provided in IEC 60204.

leasures for the escape and'rescue of trapped persons

I the escape and rescue oftrapped persons may consist, among others, of
routes and shelters.in“installations generating operator-trapping hazards,
ments for moving some elements by hand, after an emergency stop,

Mments forréversing the movement of some elements,

e an
wing

but if

bf an

here

, the
ation
 the

ency

gé-points for descender devices,

means of communication to enable trapped operators to call for help.

easures for isolation and energy dissipation

Machines shall be equipped with the technical means to achieve isolation from power supply(ies) and
dissipation of stored energy by means of the following actions:

a) isolating (disconnecting, separating) the machine (or defined parts of the machine) from all power
supplies;

b) locking (or otherwise securing) all the isolating units in the isolating position;
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c) dissipating or, if this is not possible or practicable, restraining (containing) any stored energy which can
give rise to a hazard;

d) verifying, by means of safe working procedures, that the actions taken according to a), b) and c) above
have produced the desired effect.

See ISO 14118:2000, Clause 5, and IEC 60204-1:2005, 5.5 and 5.6.

6.3.5.5 Provisions for easy and safe handling of machines and their heavy component parts

Machines and their component parts which cannot be moved or transported by hand shall be provided or be
capdple of being provided with surtable attachment deVICES Tor transport by means of Iiting gear,

Thege attachments may be, among others,
— ptandardized lifting appliances with slings, hooks, eyebolts, or tapped holes for appliance fixing,
— appliances for automatic grabbing with a lifting hook when attachment is not possible from the ground,
— fork locating devices for machines to be transported by a lift truck,

— |ifting and stowing gear and appliances integrated into the machine.

Partg of machinery which can be removed manually in operation-shall be provided with means for their safe
remqval and replacement.

See plso 6.4.4 c), item 3).

6.3.9.6 Measures for safe access to machinery

Machinery shall be so designed as to enable operation and all routine tasks relating to sg¢tting and/or
maintenance to be carried out as far as possjble by a person remaining at ground level.

Whete this is not possible, machines¢shall have built-in platforms, stairs or other facilities to provide safe
acceps for those tasks; however, care should be taken to ensure that such platforms or stairs| do not give
access to danger zones of machinery.

The walking areas shall be made from materials which remain as slip resistant as practicable upder working
conditions and, depending_on the height from the ground, shall be provided with suitable gudrd-rails (see
ISO [14122-3).

In lafge automatedyinstallations, particular attention shall be given to safe means of access, such ps walkways,
conveyor bridges;or crossover points.

Means of access to parts of machinery located at height shall be provided with collective means |of protection
against falls (for example, guard-rails for stairways, stepladders and platforms and/or safety cages for ladders).
As necessary, anchorage points for personal protective equipment against falls from height ghall also be

Openings shall, whenever possible, open towards a safe position. They shall be designed to prevent hazards
due to unintended opening.

The necessary aids for access shall be provided (steps, handholds, etc.). Control devices shall be designed
and located to prevent their being used as aids for access.

When machinery for lifting goods and/or persons includes landings at fixed levels, these shall be equipped
with interlocking guards for preventing falls when the platform is not present at a level. Movement of the lifting
platform shall be prevented while the guards are open.

For detailed provisions see ISO 14122.
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6.4

6.4.1

6.4.1.1

professional

NOTE

2010(E)

Information for use

General requirements

Drafting information for use is an integral part of the design of a machine (see Figure 2).
Information for use consists of communication links, such as texts, words, signs, signals, symbols or diagrams,
used separately or in combination to convey information to the user. Information for use is intended for

and/or non-professional users.

See also IEC 62079 for structuring and presentation of information for use.

6.4.1.2
account, nof|

The informa
view, it shall

The informa

the nee

the nee

the posg

It shall not €
and shall al
described in

6.4.1.3
commissioni
cleaning, fay

nformation shall be provided to the user about the intended use of the machine, taking
Ably, all its operating modes.

ion shall contain all directions required to ensure safe and correct use of the machine..With t
inform and warn the user about residual risk.

ion shall indicate, as appropriate,

i for training,

| for personal protective equipment, and

ible need for additional guards or protective devices (see Figure 2, Footnote d).

kclude uses of the machine that can reasonably be expéected from its designation and descri
50 warn about the risk which would result from usingithe machine in other ways than the
the information, especially considering its reasonably foreseeable misuse.

nformation for use shall cover, separately or in"‘combination, transport, assembly and install

ng, use of the machine (setting, teaching/programming or process changeover, oper
[t-finding and maintenance) and, if necessary, dismantling, disabling and scrapping.

6.4.2 Locdtion and nature of information foruse

Depending d
be decided V
a)

b) in accor
c) onthep
d) by othel

n the risk, the time when the information is needed by the user and the machine design, it
vhether the information — or parts thereof — are to be given

in/on the¢ machine itself (see“6;4.3 and 6.4.4),

npanying documents (in particular instruction handbook, see 6.4.5),
ackagingy

means-such as signals and warnings outside the machine.

Standardize
IEC 62079).

into

his in

ption
ones

tion,
tion,

shall

S hal | ered , I , .

6.4.3 Signals and warning devices

also

Visual signals, such as flashing lights and audible signals such as sirens may be used to warn of an
impending hazardous event such as machine start-up or overspeed. Such signals may also be used to warn

the operator
It is essentia
a)

b)

46

before the triggering of automatic protective measures (see 6.3.2.7).

| that these signals

be emitted before the occurrence of the hazardous event,

be unambiguous,
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c) be clearly perceived and differentiated from all other signals used, and
d) be clearly recognized by the operator and other persons.

The warning devices shall be designed and located such that checking is easy. The information for use shall
prescribe regular checking of warning devices.

The attention of designers is drawn to the possibility of “sensorial saturation”, which can result from too many
visual and/or acoustic signals and which can also lead to defeating the warning devices.

NOTE Consultation of the user on this subject is often necessary.

6.4.J Markings, signs (pictograms) and written warnings

Machinery shall bear all markings which are necessary

a) for its unambiguous identification, including at least

1) the name and address of the manufacturer,

P) the designation of series or type, and

B) the serial number, if any,

b) |n order to indicate its compliance with mandatory requirements, comprising
1) marking, and

P) written indications, such as the authorized;representative of the manufacturer, desigmation of the
machinery, year of construction, and intended use in potentially explosive atmospheres),

c) forits safe use, for example,

—

) maximum speed of rotating parts,

P)  maximum diameter of to0]s,

B) mass (in kilogram§)'of the machine itself and/or of removable parts,
1)  maximum worKing load,

b) necessity.of wearing personal protective equipment,

5) guard adjustment data, and

y ) frequency of inspection.

Information printed directly on the machine should be permanent and remain legible throughout the expected
life of the machine.

Signs or written warnings indicating only “Danger” shall not be used.
Markings, signs and written warnings shall be readily understandable and unambiguous, especially as regards
the part of the function(s) of the machine to which they are related. Readily understandable signs (pictograms)

should be used in preference to written warnings.

Signs and pictograms should only be used if they are understood in the culture in which the machinery is to be
used.
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Written warnings shall be drawn up in the language(s) of the country in which the machine will be used for the
first time and, on request, in the language(s) understood by operators.

NOTE

In

some countries the use of specific language(s) is covered by legal requirements.

Markings shall comply with recognized standards (for example, 1SO 2972 or I1SO 7000, for pictograms,
symbols and colours in particular).

See IEC 60204-1 as regards marking of electrical equipment.

See ISO 4413 and 1SO 4414 for hydraulic and pneumatic equipment.

6.4.5 Accgmpanying documents (in particular — instruction handbook)

6.4.5.1

Cpntents

The instruction handbook or other written instructions (for example, on the packaging) shall~contain, ar
others, the fgpllowing:

a)

b)

c)

48

informa

1)

sto

ion relating to transport, handling and storage of the machine, such as

age conditions for the machine,

2) dimensions, mass value(s), position of the centre(s) of gravity, and

3) indications for handling (for example, drawings indicating application points for lifting equipment)

informafion relating to installation and commissioning of the.machine, such as

1) fixirlg/anchoring and dampening of noise and vibration requirements,

2) assembly and mounting conditions,

3) spdce needed for use and maintenance,

4) permissible environmental conditiens.(for example, temperature, moisture, vibration, electromagd
rad|ation),

5) insfructions for connecting.the’machine to power supply (particularly on protection against eleg
ovdrloading),

6) adyice on waste removal/disposal, and

7) if necessary, recommendations related to protective measures which have to be implemented b
usgr — for éxample, additional safeguards (see Figure 2, Footnote d), safety distances, safety

ang

signals;

nong

netic

trical

y the
5igns

informa'ion relating to the machine itself, such as

1)
2)

3)
4)

5)

detailed description of the machine, its fittings, guards and/or protective devices,

the comprehensive range of applications for which the machine is intended, including prohibited
usages, if any, taking into account variations of the original machine if appropriate,

diagrams (especially schematic representation of safety functions),

data on noise and vibration generated by the machine, and on radiation, gases, vapours and dust
emitted by it, with reference to the measuring methods (including measurement uncertainties) used,

technical documentation of electrical equipment (see IEC 60204), and

documents attesting that the machine complies with mandatory requirements;
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d) information relating to the use of the machine, such as that related to or describing

1)

intended use,
manual controls (actuators),
setting and adjustment,

modes and means for stopping (especially emergency stop),

00:2010(E)

risks which could not be eliminated by the protective measures implemented by the designer,

e) [nformation for maintenance, such as

OT
~

f)  |nformation relating to dismantling, disabling and scrapping;

g) [nformation for emefrgency situations, such as

1)
)
B)

particular risks which can be generated by certain applications, by the use of centain
about specific safeguards necessary for such applications,

reasonably foreseeable misuse and prohibited applications,
fault identification and location, for repair and for restarting after an intervention, and

personal protective equipment needed to be used and the training that is required;

the nature and frequency of inspections for safety functions;
specification of the spare parts to be used when these can affect the health and safety of
instructions relating to maintenance operations which require a definite technical k
particular skills and hence need to be. earried out exclusively by skilled persons (1

maintenance staff, specialists),

instructions relating to maintenanceg-actions (replacement of parts, etc.) which do not req
skills and hence may be carried-out by users (for example, operators), and

drawings and diagrams enabling maintenance personnel to carry out their task rational
fault-finding tasks);

the operating method to be followed in the event of accident or breakdown,

thestype of fire-fighting equipment to be used, and

fittings, and

operators,
nowledge or
or example,

juire specific

y (especially

an indication

a warning of possible emission or leakage of hazardous substance(s) and, if possible,

of means for fighting their effects;

h) maintenance instructions provided for skilled persons [item e) 3) above] and maintenance instructions
provided for unskilled persons [item €) 4) above], that need to appear clearly separated from each other.
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6.4.5.2 Production of instruction handbook

The following applies to the production and presentation of the instruction handbook.

a)

b)

6.4.5.3 Drafting and editing information for use

The following applies to the drafting and editing.of\information for use.

a)

b)

c)

d)

50

The type fount and size of print shall ensure the best possible legibility. Safety warnings and/or cautions
should be emphasized by the use of colours, symbols and/or large print.

The information for use shall be given in the language(s) of the country in which the machine will be used
for the first time and in the original version. If more than one language is to be used, each should be
readily distinguished from another, and efforts should be made to keep the translated text and relevant
illustration together.

NOTE [In some countries the use of specific language(s) is covered by legal requirements.

Wheneyer helpful to the understanding, text should be supported by illustrations. These illustrgtions
should pe supplemented with written details enabling, for example, manual controls (actuators) fo be
located [and identified. They should not be separated from the accompanying text 'and should fpllow
sequential operations.

Considgration should be given to presenting information in tabular form where his’will aid understanding.
Tables $hould be adjacent to the relevant text.

The usk of colours should be considered, particularly in relation\to components requiring guick
identification.

When information for use is lengthy, a table of contents and/or an-index should be provided.

Safety-relevant instructions which involve immediate action‘should be provided in a form readily available
to the operator.

Relatiorjship to model: the information shall clearly relate to the specific model of machine anpd, if
necessary, other appropriate identification (for example, by serial number).

Commuhication principles: when information for use is being prepared, the communication prqgcess
“see — think — use” should, be followed in order to achieve the maximum effect and should fpllow
sequen];al operations. The" questions, “How?” and “Why?” should be anticipated and the angwers
providedl.

Information for use)shall be as simple and as brief as possible, and should be expressed in consistent
terms apd unitszwith a clear explanation of unusual technical terms.

When it[is-foreseen that a machine will be put to non-professional use, the instructions should be wyritten
in a formmtatisTeadity understood by theTor-professiomatuser— i persomat-protectiveequipment is
required for the safe use of the machine, clear advice should be given, for example, on the packaging as
well as on the machine, so that this information is prominently displayed at the point of sale.

Durability and availability of the documents: documents giving instructions for use should be produced in
durable form (i.e. they should be able to survive frequent handling by the user). It can be useful to mark
them “keep for future reference”. Where information for use is kept in electronic form (CD, DVD, tape,
hard disk, etc.), information on safety-related issues that need immediate action shall always be
backed up with a hard copy that is readily available.
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Documentation of risk assessment and risk reduction
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The documentation shall demonstrate the procedure that has been followed and the results that have been
achieved. This includes, when relevant, documentation of

a)

b)

the machinery for which the risk assessment has been made (for example, specifications, limits, intended

use);

any relevant assumptions that have been made (loads, strengths, safety factors, etc.);

c) the hazards and hazardous situations identified and the hazardous events considered

d)

Stan
refer|

NOT
with t

in the risk

Assessment;
he information on which risk assessment was based (see 5.2):

1) the data used and the sources (accident histories, experience gained from(risk reductic
similar machinery, etc.);

P) the uncertainty associated with the data used and its impact on the riskjassessment;
he risk reduction objectives to be achieved by protective measures;

he protective measures implemented to eliminate identified hazards or to reduce risk;
residual risks associated with the machinery;

he result of the risk assessment (see Figure 1);

any forms completed during the risk assessment;

Hards or other specifications used to select protective measures referred to in f) abov
enced.

E No requirement is given in this\lnternational Standard to deliver the risk assessment document
he machine. See ISO/TR 14121-2\for information on documentation.

n applied to

e should be

ation together
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Annex A
(informative)

Schematic representation of a machine

See Figure A1.

g
Stgnalling, Manuatcontrots
dlspl_a Y, (actuators)
warning
7 3 Control devices
CONTROL v
SYSTEM

Data storage
and logic or analogic
data processing

A 4 A 4

Sensors Power control elements

Protective devices

(contactors, valves,
speed controllers...)

Guards
\ 4

Machine actuators

(engines, cylinders)

OPERATIVE
PART

Power transmission elements

Working parts

Key
operator-machine interface

Figure A.1 — Schematic representation of a machine
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Annex B
(informative)

00:2010(E)

Examples of hazards, hazardous situations and hazardous events

General

This
(see
pers

The
are
situ

B.2
In T

haza
colu

The use of one or more of the columns presented in Table B.1 depends on the degree of deta
descibing an identified hazard. In some cases, it is enough to use only one of the columns, parti
hazgrds are in the same hazard zone and can be.grouped together in terms of protective meas
column is used depends on whether the origin. of* the hazard or nature of the consequences is|
when choosing an appropriate protective measure. However, all hazards should be documente

risk
redu
has

Whe
not 1
most

bns performing risk assessment in the process of hazard identification (see 5.4).

it

annex gives, in separate tables, examples of hazards (see Tables B.1 and B.2), hazardo
Table B.3), and hazardous events (see Table B.4), in order to clarify these concepts. ar]

ists of hazards, hazardous situations and hazardous events given by this annex are not ex
ey prioritized. Therefore, the designer should also identify and document any ‘ether hazarg
on or hazardous event existing in the machine.

Examples of hazards

rds, etc.). In order to offer more detailed information on:the type of hazards, there are ty
ns that correspond to the origin of the hazard and its potential consequences.

ssociated with them appears to hayve-been sufficiently reduced by a protective measure s
Cing the risk associated with anotherchazard. Otherwise, the undocumented hazard, the ris
peen sufficiently reduced by the mitigation of another hazard, could be neglected.

re, for describing a hazard{ more than one of the columns presented in Table B.1 is used,
e read line by line. Appropriate words should be selected and combined to describe the h
convenient way. For éxample:

crushing due to,moving elements;

crushing dueto a lack of stability of the machine or part of the machine;

blectrical shock or electrocution due to electrical equipment parts which become live
corditions;

s situations
d assist the

naustive, nor
|, hazardous

bble B.1, hazards have been grouped in accordance with~their type (mechanical hazards, electrical

o additional

| needed for
cularly when
ures. Which
most useful
1 even if the
uggested for
from which

hese should
azard in the

under fault

permanent hearing loss due to prolonged exposure to noise caused by stamping of parts;
respiratory disease due to inhalation of toxic substances;

musculoskeletal disorder due to bad postures and repetitive activity;

burn due to contact with material at high temperature;

dermatitis due to skin contact (dermal exposure) to toxic substances.

© 1SO 2010 — All rights reserved

53


https://standardsiso.com/api/?name=7ac57adff8a5b7de7a4f74a66706cbdd

ISO 12100:2010(E)

Table B.1
No Type or Examples of hazards Subclause of this
group Origin? Potential consequences® Intset;r:;t::zal
1 Mechanical acceleration, deceleration; being run over; 6.2.2.1
hazards angular parts; being thrown; 6.2.2.2
approach of a moving element crushing; 6.2.3a)
to a fixed part; cutting or severing; 6.2.3 b)
cutting parts; drawing-in or trapping; 6.2.6
oiastic eleierils, entanglement; 6.2.10
falling objects; friction or abrasion; 6.3.1
gravity; impact; 6.3.2
height from the ground; injection: 6.3
high pressure; shearing; 6:3.5.2
instability; slipping, tripping and falling; 6.3.5.4
kinetic energy; stabbing or puncture; 6.3.5.5
machinery mobility; suffocation. 6.3.5.6
moving elements; 6.4.1
rotating elements; 6.4.3
rough, slippery surface; 6.4.4
sharp edges; 6.4.5
stored energy;
vacuum.
2 Elegtrical arc; burn; 6.2.9
hazards electromagnetic phenomena; chemical effects; 6.3.2
electrostatic phenomena; effects on medical implants; 6.3.3.2
live parts; electrocution; 6.3.5.4
not enough distance to live falling, being thrown; 6.4.4
parts under high voltage; fire: 6.4.5
overload; projection of molten particles;
parts which_ have become live shock.
under fault_conditions;
short=circuit;
thermal radiation.
3 Thérmal explosion; burn; 6.2.4 b)
hazards flame; dehydration; 6.2.8¢c)
objects or materials with a high discomfort; 6.3.2.7
or low temperature; frostbite; 6.3.3.2.1
rediatior-fronT treat sources: injuries by the radiation of heat [6.3.4.5
sources;
scald.
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Table B.1 (continued)

No Type or Examples of hazards Subclause of this
group Origin? Potential consequences® Intse';rar::’t:-:al
4 Noise cavitation phenomena; discomfort; 6.2.2.2
hazards exhausting system; loss of awareness; 6.2.3¢)
gas leaking at high speed; loss of balance; 6.2.4 c)
manufacturing process permanent hearing loss; 6.2.8 c)
(stamping, cutting, etc.); stress: 6.3.1
MOVING Patts, tinnitus; 6.3.2.1|b)
scraping surfaces; tiredness; 6:3:2.5/1
unbalanced rotating parts; any other 63.3.21
whistling pneumatics; (for e>.<ample, mechanical, 6.3.4.2
e e o4
communication or with acoustic |6.4.5.1|b) and c)
signals.
5 Vibration cavitation phenomena; discomfort; 6.2.2.2
hazards misalignment of moving parts; low-back mdrbidity; 6.2.3¢
mobile equipment; neurolggical disorder; 6.2.8 ¢
scraping surfaces; osteozarticular disorder; 6.3.3.211
unbalanced rotating parts; trarma of the spine; 6.3.4.3
vibrating equipment; vascular disorder. 6.4.5.1|c)
worn parts.
6 Radiation ionizing radiation source; burn; 6.2.2.2
hazards low frequency electromagnétic damage to eyes and skin; 6.23¢c
radiation; effects on reproductive 6.3.3.21
optical radiation (infrared, visible capability; 6.34.5
and ultraviolet); ineluding laser; mutation; 6.451c)
rad!o frequency electromagnetic headache, insomnia, etc.
radiation;
7 Material/ aerosol; breathing difficulties, 6.2.2.2
s::::;?g? biological and microbiological suffocation; 6.2.3 b
(viral or bacterial) agent; cancer; 6230
combustible; corrosion; 6.24 2
dust; effects on reproductive 6.24b
explosive; capability; 6.3.1
fibre; explosion: 6.3.3.21
flammable; T're; _ 634
fluid: infection; 654 )
fume; mutation: 6.4.5.19)
gas: poisoning;
mist: sensitization.
oxidizer.
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Table B.1 (continued)

No Type or Examples of hazards Subclause of this
rou International
group Origin? Potential consequences® Standard
8 Ergonomic access; discomfort; 6.2.2.1
hazards design or location of indicators fatigue; 6.2.7
and visual displays units; musculoskeletal disorder; 6.2.8
design, Iocathn or identification stress: 6.211.8
of control devices;
any other (for example, 6.3.2.1
effart: . .
rmechariiCal, electlicdl) ds d 63321
flicker, dazzling, shadow, consequence of a human error.
stroboscopic effect;
local lighting;
mental overload/underload;
posture;
repetitive activity;
visibility.
9 Hagards dust and fog; burn; 6.2.6
assg ciated electromagnetic disturbance; slight disease; 6.2.11.11
with the . . . .
envirbnment |— lightning; slipping, fallings 6.3.2.1
in which the moisture; suffocation; 6.4.5.1b)
machlr:je Is pollution; any otheras a consequence of
use SNOW: the-effect caused by the
' sources of the hazards on the
temperature; machine or parts of the
water; machine.
wind;
lack of oxygen.
10 Coanation for example, repetitive activity + for example, dehydration, loss —
of hazards effort + high environmental of awareness, heat stroke
temperature
@  Asingle ofigin of a hazard can have sevefal potential consequences.
b Foreach ype of hazard or group of hazards, some potential consequences can be related to several origins of hazard.
56 © 1SO 2010 — All rights reserved



https://standardsiso.com/api/?name=7ac57adff8a5b7de7a4f74a66706cbdd

ISO 12100:2010(E)

Table B.2 is a subset of Table B.1 and contains some examples of typical hazards. Each origin has been
related to potential significant consequences. The order of potential consequences is not associated with any

priority.

Table B.2

Hazard

Hazard

Origin
cutting parts
Potential consequences

Origin
falling objects
Potential consequences

moving elements

Potential consequences

— cutting — crushing
; — severing — impact
o

Origin Origin

moving elements
(three exampley)

gravity, stability

Potential consequences

— crushing Potential consg¢quences
— impact — drawing-in
— shearing — friction, abrasion
— impact
Origin Origin

approach of a moving
element to a fix¢d part

rotating or moving elements
(three examples)

Potential consequences

— crushing Potential consequences
— trapping — crushing

— impact
Origin Origin

moving elements

Potential cons¢quences

live electrical parts
Potential consequences

— electric shock
— burn
— puncture

— scald

— crushing
— severing — friction, abrasion
— entanglement — impact

— severing
Origim Origim

objects or materials with a
high or low temperature

Potential consequences

— burn
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Table B.2 (continued)

Hazard Hazard

Origin

vibrating equipment
Potential consequences
— osteo-articular disorder
— vascular disorder

Origin

noisy manufacturing process
Potential consequences

— fatigue

— hearing impairment

— loss of awareness

— stress

Origin

laser beam

Potential consequences
— burn

— damage to eyes
and skin

Origin
dust (emissions)
Potential consequences

— bregathing difficulties
—rexplosion

=) loss of sight
Origin

Origin fumes

posture

Potential consequences

Potential consequences
— breathing difficulties

— discomfort — irritation
— fatigue — poisoning
— musculoskeletal disorder

Origin Origin

location of control devices
Potential consequences

— any asga censequence
of human’ error

— stress

gravity (bulk material
solidified)
Potential consequences
— collapse, falling
— crushing

— slumping/sagging
— suffocation

— wedging/jamming

B.3 Examplesof hazardous situations

Hazardous sifuations are thoSe circumstances In which a person IS exposed 1o at least one hazard.

The

exposure of a person is often the consequence of performing a task on the machine.

Some examples of hazardous situations are

a) work near moving parts,

b) exposure to ejection of parts,

c) work underneath a load,

d) work near objects or materials at extreme temperatures, and

e) exposure of the worker to hazards generated by noise.

58 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7ac57adff8a5b7de7a4f74a66706cbdd

ISO 12100:2010(E)

In practice, hazardous situations are often described in terms of tasks or operation of tasks (manual loading
and/or unloading of work pieces in a press, trouble-shooting under voltage, etc.).

When describing a hazardous situation it should be ensured that the analysed situation is clearly defined with
the information available (task performed, hazard, hazardous zone).

Table B.3 includes a list of tasks which can result in a hazardous situation in the case of exposure to one or
more of the hazards presented in Table B.1.

Table B.3

Phases of
machine life cycle

Examples of tasks

Trar

sport

Lifting

Loading
Packing
Transportation
Unloading
Unpacking

Ass

bmbly and

ins:IIIation
Conpmissioning

Adjustments of the machine and its components

Assembly of the machine

Connecting to disposal system (for example, exhaust system, waste wate
Connecting to power supply (for example, electric power supply, compres
Demonstration

Feeding, filling, loading of aneillary fluids (for example, lubricant, grease,
Fencing

Fixing, anchoring

Preparations for the“installation (for example, foundations, vibration isolat
Running the machine without load

Testing

Trials with joad or maximum load

sed air)

glue)

Drs)

r installation)

Settjng Adjustment and setting of protective devices and other components
Tea¢hing/programming Adjustment and setting or verification of func.;tion.al _parameters of the machine
andlor process (for example, speed, pressure, force, travelling limits)
changeover Clamping/fastening the workpiece
Feeding, filling, loading of raw material
Functional test, trials
Mounting or changing tools, tool-setting
Programming verification
Verification of the final product
Operation Clamping/fastening the workpiece
[ Control/inspection

Driving the machine
Feeding, filling, loading of raw material
Manual loading/unloading

Minor adjustments and setting of functional parameters of the machine (for example,

speed, pressure, force, travel limits)

Minor interventions during operation (for example, removing waste materi
eliminating jams, local cleaning)

Operating manual controls

Restarting the machine after stopping/interruption
Supervision

Verification of the final product

al,
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Table B.3 (continued)

Phases of

machine life cycle Examples of tasks

Cleaning — Adjustments

— Cleaning, disinfection

— Dismantling/removal of parts, components, devices of the machine
— Housekeeping

— Isolation and energy dissipation

— Lubrication

— Replacement of tools

— Replacement of worn parts

— Resetting

— Restoring fluid levels

— Verification of parts, components, devices of the machine

Maintenance

Fault-finding/ — Adjustments
Troubleshooting — Dismantling/removal of parts, components, devices of the machine
— Fault-finding

— Isolation and energy dissipation

— Recovering from control and protective devices faildre

— Recovering from jam

— Repairing

— Replacement of parts, components, devices of the machine
— Rescue of trapped persons

— Resetting

— Verification of parts, componénts, devices of the machine

Dismantling — Disconnection and energy dissipation
— Dismantling

— Lifting

— Loading

— Packing

— Transpertation

— Unleading

Disabling

NOTE These tasks can be applied te'the machine or parts of it.

B.4 Examples of hazardous events

Table B.4 giyes/examples of hazardous events that can occur in the machinery field.

A hazardous event can have different causes. For example, contact with- moving parts due to an unexpected
start-up can be caused by an unintentional actuation of a control device or by a fault in the control system.

Every cause can in turn be the result of another event or combination of events (chain of events).
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Machine action resulting from inhibition (defeating
or failure) of protective devices

Uncontrolled movements
(including speed change)

Unintended/unexpected start-up

Other hazardous events due to failure(s) or poor
design of the control system

Table B.4
Subclause of this
Origin related to... Hazardous event International
Standard
Shape and/or superficial finishing of Contact with rough surfaces 6.2.2.1
accessible parts of the machine Contact with sharp edges and corners, protruding
parts
Moving parts of the machine Contact with moving parts 6.2.2,6.2.14,6.2.15
Contact with rotating open ends 6.3.1t06.3.3
0.3.5.210|6.3.5.4
6.4.3't0614.5
Kinetic energy and/or potential energy Falling or ejection of objects 6.2,3,6.215
(grayity) of the machine, parts of the 6210t06.2.12
machine, tools and materials used, o o
processed, handled 6.3.2.1,6/3.2.2
6.3.2.7
6.3.3
6.3.5.2,6/3.5.4,
6.3.5.5
6.4.4,6.415
Stabjlity of the machine and/or parts of Loss of stability 6.2.3 a)and b)
the rhachine 6.2.6
6.3.2.6, 6/3.2.7
6.4.3 to 6|4.5
Mechanical strength of parts of the Break-up_during operation 6.2.3 a) and b)
machine, tools, etc. 6.211. 6p.13
6.3.2,6.312.7
6.3.3.1 t0|6.3.3.3
6.3.5.2,6l4.4,6.4.5
Pneuymatic, hydraulic equipment Displacement of moving elements 6.2.3 a)and b)
Projection of high pressure fluids 6.2.10,6.R.13,6.3.2.7
Uncontrolled movements 6.3.3.1 t10|6.3.3.3
6.3.5.4,6/4.4,6.4.5
Elecjrical equipment Direct contact 6.2.4 a)
Disruptive discharge 6.2.9,6.212
Electric arc 6.3.2, 6.3]3,
Fire 6.3.5.4
Indirect contact 6.4.4,6.4/5
Shart-circuit
Control system Dropping or ejection of a moving part of the 6.2.5
mach!ne or of a workpiece clamped by the 6.211106.2.13
machine
. . 6.3.5.2t06.3.54
Failure to stop moving parts
6.4.3t06.4.5
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