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Foreword

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

The structure of safety standards in the field of machinery is as follows:

a) type-A standards (basic safety standards) giving basic concepts, principles for design, and general
aspects that can be applied to all machinery;

b) type-B standards (generic safety standards) dealing with one safety aspect or one or more type(s)
of safeguard that can be used across a wide range of machinery:

— type-B1standards on particular safety aspects (e.g. safety distances, surface temperature, noise);

— type-B2 standards on safeguards (e.g. two-hand controls, interlocking devices, pressure
sensitive devices, guards);

c) {ype-C standards (machine safety standards) dealing with detailed safety-requirements for a
particular machine or group of machines.

This|document is a type-B standard as stated in ISO 12100.

This|document is of relevance, in particular, for the following stakeholder groups repr¢senting the
marltet players with regard to machinery safety:

— Ilachine manufacturers (small, medium and large enterpfises);

ealth and safety bodies (regulators, accident preverition organizations, market survei|lance, etc.)

Othefrs can be affected by the level of machinery safety achieved with the means of the docyment by the
above-mentioned stakeholder groups:

— 1nachine users/employers (small, medium-and large enterprises);

I:achine users/employees (e.g. tradexinions, organizations for people with special needls);
— gervice providers, e.g. for maintenance (small, medium and large enterprises);
— ¢onsumers (in case of machinery intended for use by consumers).

The above-mentioned stakeholder groups have been given the possibility to participate atthe drafting
process of this document.

In addition, this document is intended for standardization bodies elaborating type-C standards.
The fequirements of this document can be supplemented or modified by a type-C standard

For rhachines*which are covered by the scope of a type-C standard and which have been designed and
built|aceording to the requirements of that standard, the requirements of that type-C standard take
precg¢dence.

Keeping a machine in a stopped condition while persons are present in danger zones is one of the most
important conditions of the safe use of machinery and hence, one of the major aims of the machine
designer and machine user.

In the past, the concepts of “operating machine” and “stopped machine” were generally unambiguous; a
machine was

— operating when its movable elements or some of them were moving;
— stopped when its movable elements were at rest.

Machine automation has made the relationship between “operating” and “moving” on one hand and
“stopped” and “at rest” on the other hand, more difficult to define. Automation has also increased the
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potential for unexpected start-up and a significant number of hazardous events have occurred where
machines, stopped for diagnostic work or corrective actions, started up unexpectedly.

Hazards other than mechanical hazards generated by movable elements (e.g. from a laser beam) also
need to be taken into account.

The risk assessment relating to the presence of persons in a danger zone of a stopped machine needs to
take into account the probability of an unexpected start-up of the hazard-generating elements.

This document provides machine designers and machinery safety standard technical committees with
samples of built-in measures which can be used to prevent unexpected start-up.
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Safety of machinery — Prevention of unexpected start-up

1 Scope

This document specifies requirements for designed-in means aimed at preventing unexpected machine

start

-up (see 3.2) to allow safe human interventions in danger zones (see Annex A).
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— power supply, e.g. electrical, hydraulic, pneumatic;
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Normative references

Terms and-definitions

document applies to unexpected start-up from all types of energy source, 1.e.:

bxternal influences, e.g. from wind.

document does not specify performance levels or safety integrity tevels for safety-relz
‘ol systems. While available means to prevent unexpected start-up are identified, th

A type-C standard can define the required means for theprevention of harm arising fror
up. Otherwise, the requirements for a specific machine need to be determined by risk assesg
ope of this document.

following documents are referred to in the text in such a way that some or all of t
[itutes requirements of this document:For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

2100:2010, Safety of machinery ~</General principles for design — Risk assessment and r

3849-1, Safety of machinery=— Safety-related parts of control systems — Part 1: Gener
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62061, Safety of imachinery — Functional safety of safety-related electrical, ele
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unexpected start-up
unintended start-up
start-up (3.1) which, because of its unexpected nature, generates a risk to persons

Note 1 to entry: This can be caused by, for example:

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

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

— restorat

— external
machine

on ortne power supply arter an imterruptior,

internal influences (gravity, wind, self-ignition in internal combustion engines, etc.) on parts

Note 2 to enffry: Machine start-up during the normal sequence of an automatic cycle is not uhintended, by

be considere
case involves

3.3

l as being unexpected from the point of view of the operator. Prevention of hazardous events i
the use of safeguarding measures (see 6.3).

isolation and energy dissipation

procedure v

a) isolatin

supplies;

b) locking
every Id
units in

c) dissipaf]
Note1t

through
and accy

d) verifyin

Fhich consists of all of the four following actions:

b (disconnecting, separating) the machine (or defined parts of the machine) from all p

)’

(or otherwise securing), if necessary (for instance, when the operator is not able,
cation he may be at, to check that the power supply remains interrupted), all the isol
the “isolated” position;

ing or restraining (containing) any storéd energy which may give rise to a hazard.
entry Energy considered in c).may be stored in e.g. mechanical parts continuing to

inertia, e.g. backdriving of a ventilation fan, mechanical parts liable to move by gravity, capa
mulators, pressurized fluids and springs.

a), b) and c) have produced the desired effect.

4 Gener

4.1 Gene

A risk asses

nl measures-to)prevent unexpected start-up

ral

smentin accordance with ISO 12100 shall be performed to identify the required mea;

bf the

t can
h this

bwer
from

ating

move
ritors

g by using a safe working'procedure (e.g. by measuring) that the actions taken according to

ures

to prevent ulnexpected start-up.

NOTE Measures to prevent unexpected start-up of specific machinery can be specified in a type-C standard.

The machine

manufacturer is responsible for the suitability of measures identified by risk assessment.

The necessary procedures to prevent unexpected start-up including energy dissipation or restraint
(containment) and verification method if necessary, shall be described in the instruction handbook
of the machine and/or in warnings on the machine itself. The instructions should be provided with
respect to each;

— source of energy;

— means;

— task (see Annex A);
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evel (see Figure 1).

Manual measures for isolation and energy dissipation

Machines shall be provided with manually operated devices for isolation of energy supplies and
energy dissipation (see Clause 5), considering the required task to be performed with the machine, e.g.
maintenance, work on power circuits and decommissioning.

4.3

Other means to prevent unexpected (unintended) start-up

If theuse of manual isolation and energy diccipnﬁnn is not appropriate for Frpqnpnf short interventions,
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5.1
Risk

Hesigner shall provide additional automatic controlled functions (see Clause 6)
pected start-up.

1  Examples of tasks which can require the presence of persons in danger zones atre‘given i

lesigner should determine as completely as possible the different machine operating g
es and the need for the presence of persons in danger zones. Appropriate'safety measu
ovided. These measures are intended to prevent operators from peing induced to us
hting modes and hazardous intervention techniques caused bytechnical difficulties i
hachine.

Signalling and warning (delayed start)

h required by the risk assessment, an audible and/or‘visible warning signal and delay¢
ovided as a means to prevent injury from the unexpected start-up of machinery.

varning signal shall be audible and/or visual;to alert exposed person(s) of the impend
Juration of the warning signal and the period of time corresponding to the delayed s
ong enough to enable the persons eitherito leave the danger zone before the machineg
ent the machine starting, e.g. by actuating an emergency stop device.

rning signal and delayed start-tip shall be provided when all danger zones cannot b
perator control station or when the presence of persons in danger zones cannot be
ded.

Fe applicable, machinery-should provide an indication of different states related to §
fing for a start command”, “waiting for material”, “power on”, etc.

solation and’energy dissipation

Prevention of unexpected start-up upon restoration of any power supplie

b meed to be considered where it is expected that the restoration or start-up after

to prevent

h Annex A.
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Where necessary, (an) appropriate measure(s) to prevent it shall be taken.

5.2

5.2.1

Devices for isolation from power supplies

Isolation devices shall:

ensure a reliable disconnection or separation from the energy source;

corresponds to each position of its manual control (actuator).

© ISO
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5.3 meets this requirement.

NOTE 2

For electrical equipment, a supply disconnecting (isolating) device complying with IEC 60204-1:2016,

Plug and socket systems (for electrical supplies) or their pneumatic, hydraulic or mechanical

equivalents, are examples of isolating devices with which it is possible to achieve a visible and reliable
discontinuity in the power supply circuits. For electrical plug/socket combinations, see I[EC 60204-1:2016, 5.3.2

e) and 5.3.3.

NOTE 3

For hydraulic and pneumatic equipment; see also ISO 4413:2010, 5.4.7.2.1 and 1SO 4414:2010, 5.2.8.

5.2.2 Thelocation and number of isolation devices will be determined by risk assessment while taking

into accoun
the task to
of it, it isolat

Isolation of

machine.
NOTE 1 Fd
NOTE 2 Fd

additional isq

NOTE 3
access route

5.2.3 Whe
supply in oy
permanent \

NOTE
7.3.2.1.3.

Fq

5.3 Locki
The isolatio

Locking devj
under imme

Locking devj
facilitie

trapped
with thq

es (e.g. by durable marking where necessary).

only part of a machine shall not create a hazard due to operation of othér parts o

r electrical equipment of machinery, see also IEC 60204-1:2016, 5.4.

r large machinery where it is necessary to have access to individual parts of a machine, sep
lation devices can be required.

n, during isolation of the machine, certain circuits have to remain connected to their p
der, e.g. to hold parts, protect information or pravide local lighting, additional meang
wvarning label(s)] shall be provided to ensure operator safety.

r electrical circuits, see IEC 60204-1:2016, 5:3.5 and for hydraulic circuits, see 1SO 4413;

ng (securing) devices
n devices shall be capable of:being locked or otherwise secured in the “isolated” positi

ices may not be necessary when a plug/socket combination is used and the plug can be
diate supervision of the person present in the danger zone.

ices may includé;ybut are not limited to, one or more of the following:
5 to apply oné.or more padlocks;

-key interlocking devices (see ISO 14119:2013, B.2), one of the locks of which is assoc
e manwual control (actuator) of the isolating device;

g g anes and
He performed. Each isolation device shall be readily identifiable as to which machine;or

arate

The location of the isolating device can be either at the place of the intervention or alonfg the

pwer
[e.g.

2010,

p1.

kept

jated

NOTE

Eor f'rappnr‘ Lrny infnr]nr‘lzing devices rnqnirnmnnf‘c’ see IQ(\I/TQ 19837 and-alsa ISO 14119

by a person(s) to prevent a hazardous event, e.g. unexpected start-up;

lockable housings or enclosures.

5.4 Devices for stored-energy dissipation or restraint (containment)

5.4.1 General

the use of a personal key(s) which are released from a trapped key interlocking device and retained

5.4.1.1 Means for stored-energy dissipation or restraint (containment) shall be provided where stored
energy can give rise to a hazard.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=f3e3767ec332ae6da5e5411076cc525c

ISO 14118:2017(E)

NOTE Means for stored-energy dissipation can include brakes intended to absorb kinetic energy of moving
parts, resistors and relevant circuitry to discharge electrical capacitors, valves or similar devices to depressurize
fluidic accumulators (see ISO 4413:2010, 5.4.7.2.1 and 1SO 4414:2010, 5.2.8). For discharging of capacitors in
machines, see IEC 60204-1:2016, 6.2.4.

5.4.1.2 When dissipation of stored energy would excessively reduce the ability of the machine to be
used, additional means shall be incorporated to reliably restrain or contain the remaining stored energy.

5.4.1.3 The devices for energy dissipation or restraint (containment) should be selected and arranged
so that:

— (lissipation or restraint (containment) results from the isolation of the machine (or relevant part of it);

— the energy dissipation process does not give rise to hazardous situations.

5.4.1.4 The machine shall not be able to be started with dissipation devices activated|or restraint
deviges in place if this generates new hazards. If this is not practicable, warnings and instryictions shall
be provided in the instruction handbook of the machine and/or in warnings,on the machinefitself.

5.4.2 Mechanical elements

Wheh mechanical elements can give rise to a hazardous situation:

— Dby virtue of their mass and position (e.g. unbalanced orraised or in any situation wherje they could
ove under the effect of gravity);

— ¢r as aresult of the action upon them of spring load (whatever this “spring” is made ofJ;
— 1nechanical parts continuing to move througl/inertia.

Means shall be provided to bring them to thelowest energy state (e.g. lowest position or spring-relaxed)
either by the usual machine manual controls or by devices specifically designed and identified (marked)
for that function.

Whep the mechanical elements‘cahnot be brought into an intrinsically safe state, they shall be
mechanically secured by brakésor mechanical restraint devices as defined in ISO 12100:2(10, 3.28.7.

5.4.3 Locking or securing facilities for the restraint (containment) devices

The dlevices for energyrestraint (containment) shall, whenever necessary, be capable of being locked or
otherwise secureg.

6 OQther'measures to prevent unexpected start-up

6.1 Design-strategy

Where the risk assessment shows that isolation and energy dissipation are not appropriate for an
intervention (e.g. manual loading/unloading), the following measures necessary to prevent unexpected
start-up shall be taken as appropriate:

— measures taken in the control system to prevent the generation of start commands from unintended
actuations of a start control device or other parts (e.g. sensors, power control elements), from failures
in or from external influences (vibration, shocks, disturbances of the power supply) (see 6.2);

— measures taken at level A, B or C of the machine (see Figure 1) or at mechanical disconnection
elements or at moving-parts (immobilization), to prevent unintended start commands resulting in
an unexpected start-up (see 6.3);
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— measures implemented in the control system to automatically stop the hazard-generating part of
the machine before a hazardous event can arise from an unexpected/unintended start-up of this
part (see 6.4).

NOTE The selected measures, in most cases, will be a combination of the different measures described in
this subclause.

Manual control devices 3 Mechanical
(actuators) > Level A | interlocking :
+ -] (e.g- lockable devices)
Machine control system
(data storage;ﬂl)ocfilscs?:d) analog data :_f Control interlocking,\:
pg ____________ > Level B |7 (e.g. from the contro]”|
L Safety-related parts B commangd]
. of the control system '
Prbtecti Power control element ,
Tptective = (contactors, valves, : Energy
gevices basic drive module) r LevelC Kb ™ 4isconnection
Machine actuator
(motor, cylinder, laser, heater)
Power transmission element Level D dMechanlc:cxl
isconnection
. Moving part
Working parfs Level E immobilization
(hazards generating element)
Key
energy (electric, hydrauli¢, pneumatic, etc.)
—> usual stop control(signal
Figure 1 o Components/devices and application of measures, other than isolation and energy
dissipation, toprevent unintended start commands resulting in unexpected start-up

6.2 Measures-to-preventunintendedgenerationofstartcommands——————

6.2.1 Measures to prevent unintended actuation of manual start controls

Unintended actuation of manual start controls, as well as unexpected results from actuating these
devices (e.g. start-up of a machine other than the expected one, initiation of a movement in a wrong
direction), shall be prevented by appropriate design, location, protection and marking of manual start
controls. The expected results/effects of actions on start controls shall be made clear, e.g. by the use
of marking near the control (see also 4.4, paragraph 4), in cases where lack of such information can
endanger persons and providing such information is possible.

6 © IS0 2017 - All rights reserved
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Where a control device is designed and constructed to perform several different actions, namely, where
there is no one-to-one correspondence, the action to be performed shall be clearly displayed and subject

to confirmation, where necessary.

NOTE 1

NOTE 2

Guidance is given in the IEC 61310 series.

controls, passwords in programmable control systems.

6.2.2 Design of safety-related parts of the control system

The s

inac

6.2.3

Powgd
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high
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6.3

6.3.1

Main
“level
devig
part

Anu

6.3.2

The

priof
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ndC o toliguea 1) chall
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Other examples of measures to prevent unauthorized/unintended start-up are locking of start manual

nq{-‘no-n v-nlqi—n,l “qwi—n nl-‘i—lqn nn“h-nl cuctar (lavalc A o
ty Taeetr e S-S5y Ste{rever qu,uu

rordance w1th ISO 13849-1 or IEC 62061.

ceords
GEECoFe gt gHre— St

Selection and location of power control elements

r control elements (e.g. contactors, valves; see Figure 1) shall be selectedand/or apj

cannot change their state under the effect of external influences (such aswibration or §

st intensity) within intended conditions of use or the effect of disturbances of the p
as pressure or voltage fluctuations) within defined limits.

r control elements shall, if necessary (especially if they can’be manually operated), I
iclosure to prevent their unauthorized or unintended actuation.

Measures to maintain stop commands

Principle

tained stop commands are introduced, separately or in combination, in the machine
s” (see Figure 1). Depending on the riskassessment, these can be generated either by

immobilization (see 6.3.5) may be.used instead of, or in addition to, maintained stop c
hintended start command shall not result in machine start-up if

it is generated by/in a machine component placed above the level at which a mair
¢ommand has been introduced (level A, B or C), or

mechanical disconnection (level D) or moving-part immobilization (level E) has been a
Figure 1).

Maintained stop command generated by a stop control device (level A)

controlsystem shall be designed so that the stop commands from the stop control

es (see 6.3.2) or by protective devices_(See 6.3.3). Mechanical disconnection (see 6.3.4)

be designed

blied so that
hocks of the
bwer supply

e located in

at different
stop control
or moving-
bmmands.

tained stop

chieved (see

device have
unintended

1ty over the start commands To prevent unexpected (umntended) start-up due to

glf), the stop

manual control (or the stop control dev1ce) can be secured in the OFF/STOP condition. Dependlng on
the risk assessment, securing in the OFF/STOP condition can be achieved by means of:

— alatching-in or key-operated stop control device which applies a maintained stop command until
the device is reset manually;

NOTE The emergency stop function cannot be considered as a measure of prevention of unexpected
start-up as described in ISO 12100 (see also ISO 13850:2015, 4.1.1.2).

a lockable selector switch with a reliable and unambiguous indication of position which applies a
maintained stop command until the switch is manually reset;

a lockable cover which, when locked closed, forces the stop manual control into the OFF/STOP
condition;
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ISO 14118

other m

:2017(E)

eans.

Criteria for the design and selection of the securing means suitable for the intended application are:

— unambiguity, i.e. clear and unambiguous indication when the device is in the OFF/STOP condition;

— reliability, as far as the ability of the device to remain in the OFF/STOP condition is concerned.

Where a stop control is provided with a securing device to retain it in the OFF/STOP condition, removal
of the securing device shall not by itself cause a start or restart command.

6.3.3 Mai

tained stop command gpnprafpd hy machine control (lpvpl R'/(')

To prevent {
a protective
maintained

NOTE

ISO 121(
ISO 1411

IEC/TS 6

6.3.4 Meq

Mechanical
necessary, 1y

6.3.5 Moy

When a mo
IS0 12100:2
mechanical
forces resul

6.4 Automatic monitoring of the safe state (stopped condition) during a category 2

If other mea
one method
If this moni
Additional ¢

The parts of theseontrol system that perform the monitoring function shall be considered as s

related.

The following International Standards give guidance:

nexpected start-up of a machine (from whatever cause) when a person is in a danger
device (according to ISO 12100) or combination of protective devices can be pravided
stop command it generates shall be introduced at the appropriate level (see Figure 1).

0:2010, 6.3.2;
9, dealing with interlocking devices associated with guards;

2046, dealing with use of electro-sensitive devices.

hanical disconnection (level D; see Figure 1)

disconnecting devices, e.g. clutches, shall be.designed, selected and used and W
honitored, so that the separation from maching aetuators is ensured.

ring-part immobilization (level E; see Figure 1)

ving part is immobilized by means'ef a mechanical restraint device (see, for exal
010, 3.28.7), e.g. a wedge, spindle;'strut, scotch, which is an integral part of the machin
strength of this mechanical restraint device shall be sufficient to withstand the exp¢
[ing from the start-up of the machine.

is to monitorsthe’stopped condition during a stop category 2 as defined in IEC 602
foring function“detects that there is arising movement, it shall initiate a stop categg
neasuresmay also be required (e.g. mechanical brakes).

yone,
. The

rhere

mple,
b, the
bcted

stop

sures to prevent unexpected start-up are not practicable as the result of the risk assessment,

04-1.
ry 0.

hfety

7 Design requirements for verification

7.1 General

The machine and the isolation and energy dissipation or restraint (containment) devices shall be
designed, selected and arranged so that reliable verification of the effectiveness of the isolation and

energy dissi

pation or restraint (containment) can be carried out.

The verification procedure to ensure the effectiveness of the isolation, energy dissipation and restraint
(containment) measures shall not impair correct operation. For example, while relieving and measuring
the pressure between energy isolating device and the equipment being worked on gives an indication
that stored pressure has been released, pressure could still be retained in an accumulator.
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