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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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nent was prepared by Technical Committee [SQ/TC 199, Safety of machinery, in collabo
an Committee for Standardization (CEN) Te¢hnical Committee CEN/TC 114, Safety of
nce with the Agreement on technical cooperation between ISO and CEN (Vienna Agree

edition cancels and replaces the segond edition (ISO 14119:2013), which has been
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19837 has been integrated as new Annex K with specific requirements for Type 5 interlocking

5 - “trapped key interlocking devices” (see definition 3.18.1);
d key interlocking.systems and Type 5 interlocking devices have been defined;
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ocedures are described in new Annex [;

1SO/TI

Any feedback
complete listin

R 24119 has been integrated into new Annex |.

© IS0 2024 - All rights reserved
\%

aids body. A


https://www.iso.org/directives-and-policies.html
http://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=34a1e6e59331b6be1a88304bd1f9aa99

ISO 14119:2024(en)

Introduction

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

s that can be applied to all machinery;

that can be used across a wide range of machinery:

type-A standards (basic safety standards) giving basic concepts, principles for design, and general

type-B standards (generic safety standards) dealing with one safety aspect or one type of safeguard

— type-B1 standards on particular safety aspects (e.g. safety distances, surface temperature, noise);

pe-B2 standards on safeguards (e.g. two-hand controls, interlocking devices, pressur

e-sensitive

a)
aspect

b)
de|
c) type-Q
machij
This docun
This docuy

players wif

machij

health

Others can

— machil
machij
servicq

The above
process of

In addition
The requir;

For machir
according

This docuy

consuiners (in case of machinery intended for use by consumers).

vices, guards);

standards (machine safety standards) dealing with detailed safety requirements-for g
e or group of machines.

nent is a type-B2 standard as stated in ISO 12100.

hent is of relevance, in particular for the following stakeholder groups representing
h regard to machinery safety:

e manufacturers (small, medium and large enterprises);

e users/employers (small, medium and large. enterprises);
e users/employees (e.g. trade unions, orgahizations for people with special needs);

e providers, e.g. for maintenance (small, medium and large enterprises);

this document.
this document is intenided for standardization bodies elaborating type-C standards.
ements of this,doeument can be supplemented or modified by a type-C standard.

es which dre‘covered by the scope of a type-C standard and which have been designe
o the requirements of that standard, the requirements of that type-C standard take pr

nent Has been prepared to give guidance to machinery designers and writers of pro

standards

and safety bodies (regulators, accident prevention organizations, market surveillance).

particular

the market

be affected by the level of machinery safety achie¥ed with the means of the document by the
above-mentioned stakeholder groups:

tmentioned stakeholder groups have been given the possibility to participate in the drafting

d and built
ecedence.

Huct safety

bhvhow to design and select interlocking devices associated with guards.

Relevant clauses of this document, used alone or in conjunction with provisions from other standards, may
be used as a basis for verification procedures for the suitability of a device for interlocking duties.

Annexes A to E describe the technology and the typical characteristics of the defined interlocking devices
types 1 to 4. Other solutions may be adopted, provided that they are in conformity with the principles of this

document.

Annexes F to H give information on particular aspects such as interlocking devices used within safety
functions, risk assessment considering the motivation to defeat and static action forces.

Annex I describes a locking force test and an impact resistance test for guard-locking devices.
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Annex | provides information on the masking of faults in series connection of interlocking devices with
potential free contacts.

Annex K provides requirements for trapped key interlocking systems and describes their technology.

© IS0 2024 - All rights reserved
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International Standard

ISO 14119:

2024(en)

Safety of machinery — Interlocking devices associated with
guards — Principles for design and selection

1 Scope

This document specifies principles for the design and selection (independent of the nature of the energy

source) of
possibility

This docun

parts ¢

trappe

NOTE |
to protect |
machine an

2 Norm

The follow
requireme
the latest ¢

[SO 12100:

ISO 13849
for design

[SO 13849

ISO 13855;
the human

ISO 14118:

[EC 60204
requiremer

IEC 60947

TIteTtoCKINE e vites associated witir guards arnd provides guitarnce Ol MEedSures to
of defeat of interlocking devices in a reasonably foreseeable manner.

nent covers principles for the design, selection and application of the following:

f the guards which actuate interlocking devices;

d key interlocking devices and systems for machinery applications.

SO 14120 specifies general requirements for the design and construction of guards providg

ersons from mechanical hazards. The processing of the signal frontjthe interlocking device
 prevent unexpected start up is covered in ISO 14118, ISO 13849<kand IEC 62061.

ative references

ng documents are referred to in the text in such away that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (includingany amendments) applies.

2010, Safety of machinery — General prinoiples for design — Risk assessment and risk re

1:2023, Safety of machinery — Safety-related parts of control systems — Part 1: Generd

2:2012, Safety of machinery’s="Safety-related parts of control systems — Part 2: Validati

—1), Safety of machinery-=- Positioning of safeguards with respect to the approach speed
body

D017, Safety of mdchinery — Prevention of unexpected start-up

11:2016+AMD1:2021, Safety of machinery — Electrical equipment of machines — Part
ts

1:2020, Low-voltage switchgear and controlgear — Part 1: General rules

IEC 60947

nimize the

d primarily
to stop the

ronstitutes
references,

Huction

[ principles

pn

b of parts of

1: General

] I+ Lo

T 1 als > £ ] D £ 2. C 4 . £ itala i
J, LUW VUILMHC JVVlLbllgCMI urt vuUricr Ulgcul Irurt J. OWILLTITS, UISLUTITITLLUT S5, SWILLITTUILS

and fuse-combination units

connectors

[EC 60947-5-1:2016+COR:2016, Low voltage switchgear and controlgear — Part 5-1: Control circuit devices
and switching elements — Electromechanical control circuit devices

IEC 60947-5-3, Low-voltage switchgear and controlgear — Part 5-3: Control circuit devices and switching
elements — Requirements for proximity devices with defined behaviour under fault conditions (PDDB)

IEC 62061:2021, Safety of machinery — Functional safety of safety-related control systems

1) Under preparation. Stage at the time of publication: ISO/FDIS 13855.
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12100:2010, ISO 13849-1 and the
following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1

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

Note 1 to entry: See Figure 1 and Table 2.

[SOURCE: ISO 12100:2010, 3.28.1, modified — Note 1 to entry and Figure 1 were added.]

5+
2+
L+
6.5
0 [0

Key
1 guard 4  position switch
2 interlo¢king device 5 actuating system
3  actuatqr 6  outputsystem
a

Directipn of opening.

Figure 1 — Example of an interlocking device

3.2
interlocking guard

guard associated with an interlocking device such that, together with the control system of the machine,
prevents the:

— operation of the hazardous machine functions associated with the guard until the guard is closed;

— ifthe guard is opened while hazardous machine functions are operating, a command to bring the machine
to a safe state (a stop command) is given

Note 1 to entry: An interlocking guard can contain/be equipped with one or more interlocking devices. These
interlocking devices can also be of different types.

Note 2 to entry: The generation of the (stop) command to bring the machine to a safe state when the guard is open

does not apply to guards locked with a trapped key interlocking system.

© IS0 2024 - All rights reserved
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guard-locking device

device inte

nded to lock a guard in the closed position and to be linked to the control system

Note 1 to entry: A guard-locking device may be a separate device or integrated in an interlocking device.

Note 2 to en

3.4

try: See Annex E for detailed examples.

interlocking guard with guard-locking function
guard associated with an interlocking device and a guard-locking device so that, together with the control

system of t

the ha

he machine, the following functions are performed:

and lo

the gu

with the guard has ceased; and

when
can op
functi

[SOURCE: ]
item, "asso

3.5
defeat
defeatin a
reasonably
devices ing
designer ol

Note 1 to er]
the intende

Note 2 to en

SCrews

objects

Note 3 to en
(for all typej

3.6
automatic
diagnostic
perform it
generated

rked;

hrd remains closed and locked until the risk due to the hazardous machine func¢tions

the guard is closed and locked, the hazardous machine functions associated with

ns)

SO 12100:2010, 3.27.5, modified — Note 1 to entry was deleted and in the first and
ciated" replaces "covered", in the second list item "ceased" replaces "disappeared".]

reasonably foreseeable manner

perative or bypasses them with the result that\a machine is used in a manner not inter
" without the necessary protective measures

try: This definition includes the removal 6fposition switches or actuators using tools that ar
l use of the machine or that are readilyavailable (screwdrivers, wrenches, hexagon keys, plier

try: Readily available objects for substitute actuation include:
needles and sheet-metal pieees;
in daily use, e.g. keys, coins; adhesive tape, string and wire.

fry: Uncontrolled spate and master keys for Type 5 interlocking devices (see also 8.4.3) and spa
) are also consideréd as readily available objects.

monitoring
functiomn, which initiates a fault reaction function if the ability of a component or an
b fufiction is diminished, or if the process conditions are changed in such a way that h

zardous machine functions assaociated with the gn:n'r] cannot npnrnfn until the gnard is Closed

associated

the guard

erate (the closure and locking of the guard do not by themselves start the hazardoys machine

second list

foreseeable action, either manually or by using:teadily available objects, that makes ipterlocking

ided by the

b needed for

).

re actuators

element to
azards are

3.7

direct mechanical action
positive mechanical action
movement of a mechanical component, which arises inevitably from the movement of another mechanical
component either by direct contact or via rigid elements

© IS0 2024 - All rights reserved
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direct opening action

direct opening action of a contact element
achievement of contact separation as a direct result of a specified movement of the switch actuator through
non-resilient members (for example not dependent upon springs)

[SOURCE: 1
39

EC 60947-5-1:2016 + COR1:2016, K 2.2.]

position switch
part of interlocking device comprising the actuating system and the output system

3.10

actuator
separate p
actuating g

EXAMPLE

Note 1 to eny
Note 2 to en
Note 3 to en
Note 4 to en

3.11

hrt of an interlocking device, which transmits the state of the guard (closed or notclo
ystem

Guard-mounted cam, shaped tongue, reflector, magnet, RFID tag.
try: See also Annexes A to E and Annex K.
try: For type 1 and Type 3 interlocking devices the actuator can be a pargofthe guard itself.
try: Examples of actuators are shown in Figure 2.

try: A key as used in a trapped key system is not covered by this definition.

coded actuator

actuator w

3.11.1

low-level ¢
coded actuf
interlockin

3.11.2

medium-I¢
coded actul
by the inte

3.11.3

high-level
coded actu
evaluated |

3.12
actuating
part of the

hich is specially designed (e.g. by shape) to actuate‘a certain position switch

oded actuator
ator for which 1 to 9 variations in code a@re available and the different codes are evalu
g device

bvel coded actuator
ator for which 10 to 1 000-variations in code are available and the different codes arq
Flocking device

coded actuator
ator for which yiore than 1 000 variations in code are available and the different
by the interlocking device

systém
interlocking device which transmits the position of the actuator or the key and changg

of the out

sed) to the

hted by the

evaluated

codes are

s the state

HHCuctam

EXAMPLE

Ty otCTIT

Roller plunger, cam mechanism, and optical, inductive or capacitive sensor.

Note 1 to entry: Examples of actuating systems are shown in Figure 2.

3.13

output system
part of the interlocking device that signals the state of the actuator or the key to the control system

EXAMPLE

Contact element (electromechanical), semiconductor output, valve.

© IS0 2024 - All rights reserved
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Type 1 interlocking device
interlocking device with mechanically actuated position switch with uncoded actuator

EXAMPLE

Hinged interlocking devices.

Note 1 to entry: See Annex A for detailed examples.

3.15

Type 2 interlocking device
interlocking device with mechanically actuated position switch with coded actuator

EXAMPLE

Tongue-actuated position switches.

Note 1 to en

3.16
Type 3 int
interlockin

EXAMPLE
Note 1 to en

3.17
Type 4 int

try: See Annex B for detailed examples.

erlocking device
g device with non-contact actuated position switch with uncoded actuator;

Proximity switches.

try: See Annex C for a detailed example.

erlocking device

interlocking device with non-contact actuated position switch with{¢oded actuator

EXAMPLE
Note 1 to en

3.18
trapped k
system ful

RFID tag actuated position switches.

try: See Annex D for detailed examples.

by interlocking system
filling safety function(s) or part of safety-function(s) and comprising at least two diffe]

interlocking devices which work together through the transfer of a key

Note 1 to en

3.18.1

Type 5 int
trapped ke

device, wl
interlockin

EXAMPLE

3.18.2
personnel
key which

try: See Figure 2 d) and Annex K for.detailed examples.

erlocking device

y interlocking device

ich fulfils a funcfign by trapping or releasing one or more keys in a given tr
g system

Door locks/key-operated switches, key exchange units.

key
sixeleased from a trapped key interlocking device and retained by a person to prevent aj

ent Type 5

apped key

hazardous

situation (@ g nnpvppr‘fnd cf:n'f-np)

3.18.3

key trapped
situation in which a key in a Type 5 interlocking device is locked and cannot be removed.

EXAMPLE A solenoid or the insertion of an actuator releases the trapped key.
3.18.4
key releasable

situation in which a key is notlocked and so can be (turned and) removed causing a change of state of the device

EXAMPLE

Change of state of the device releases or traps another key or changes contact state.

© IS0 2024 - All rights reserved
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master key
key which can operate multiple locks of different coding

3.18.6

key transfer plan
drawing, scheme or diagram depicting the trapped key interlocking system with its individual Type 5
interlocking devices and the sequence(s) in which they are to be operated

3.18.7
boltlock
trapped ke

y interlocking device that extends a bolt to lock an object

EXAMPLE

3.18.8

access loc
trapped ke
systems, aj

Note 1 to enftry: Access locks can also be used for locking in position objects other than'guards, e.g. isolato

barriers.

3.189
time delay
trapped ke

3.18.10

key excha
trapped ke
different c

3.18.11

Kkey-operated switch

key-operat
trapped ke

3.18.12

Ralel 1 1 1 1 11 CPN | 1 11 1
DUILTOCRS UdIT' DT USTU LU TULK UISTULITITT LU SWILLIITS, VAIVES UT SITUIITE UUUTS.

K

nd linked to the control system via the key transfer

red key release
y interlocking device that releases a key after a pre-determined period of time has elaj

hge device
y interlocking device in which the insertion of one 'or more keys releases one or more }
pding, trapping the inserted key(s)

led switch as part of trapped key systems
y interlocking device comprising-a'switch which can only be operated by means of a k¢

key-operatted solenoid-controlled(switch

key-operat
trapped ke
operation

3.18.13

trapped k
trapped ke
position [l

ed solenoid-controlled switch as part of trapped key systems
y interlocking deviceé.comprising a key-operated switch which can be mechanically lo
fa solenoid

by valve lock
y interldcking device used to lock a valve in the open position [locked open (LO)], in
cked-closed (LC)] or in both positions by different keys

y interlocking device intended to lock a guard in the closed position for trapped key ipterlocking

I's, valves or

bsed

keys with a

Ly

'ked by the

the closed

3.18.14

energy control
sub-function of a trapped key interlocking system to achieve and maintain a safe state to prevent hazardous
machine functions

3.18.15
intermedi

ate transfer

sub function of a trapped key interlocking system that allows the transfer of keys between two Type 5
interlocking devices

3.18.16

access control
subfunction of a trapped key interlocking system that controls the access to safeguarded spaces or access to
machine operating modes and functions

© IS0 2024 - All rights reserved
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switch-disconnector
switch, which, in the open position, satisfies the isolating requirements specified for a disconnector

[SOURCE: I
3.19

EC 60947-1:2020, 2.2.10]

whole body access
situation where a person can be completely inside a safeguarded space

Note 1 to entry: The term whole body access is used in other standards to specify the opening size for safe access.

3.20

safeguard
volume end

3.21
stop comn
signal gene

3.22
overall sy
time inter
reduction

3.23

access tim
time taken
device, as

Note 1 to en

3.24
locking fo
force that

f‘ (A ataTala}
o

losing a hazard zone(s) where guards or protective devices, or both, are intended to prot

nand
rated by the interlocking device that initiates the intended risk reduction

stem response time
al between the stop command given by opening the guard and achieving the int

e

alculated on the basis of an approach speed of the®ody or part of the body

try: For the selection of the approach speed and the calculation, see ISO 13855.

Fce
h guard-locking device can withstand without being damaged so that its further use

impaired and the guard will not leave the closed position

3.25

preventio
feature of g
the locking

3.26
emergenc

h of inadvertent locking(position
guard-locking device, which ensures that the locking elements (e.g. a locking bolt) can
position when the guard is not closed

y release of guard-locking

manual release withoutauxiliary means of the guard locking from outside the safeguarded spac

an emergey

cy

Note 1 to entry< The guard locking with emergency release can be necessary for releasing trapped pers

fighting, forj

pct persons

ended risk

by a person to reach the hazard zone after initiation’of the stop command by the interlocking

will not be

hot achieve

e in case of

ons or fire-

example.

3.27

auxiliary release of guard locking
manual release by use of a tool or a key of the guard locking from outside the safeguarded space in case of its
failure or absence of power supply

Note 1 to entry: The guard locking with auxiliary release is not suitable for emergency or escape release of guard

locking.

3.28
escape rel

ease of guard locking

manual release without auxiliary means of the guard locking from inside the safeguarded space to leave the area

© IS0 2024 - All rights reserved
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3.29
tool
implement intended by the manufacturer for the purposes of tightening or loosening a fastener

Note 1 to entry: An improvised implement, such as a coin or a nail file, cannot be considered as a tool.

3.30
power interlocking
function which directly interrupts the energy supply to the hazard sources

Note 1 to entry: Resumption of the energy supply is only possible with the guard in the safeguarded position. “Directly”
means that, unlike control interlocking, the control system does not play any intermediate role in the interlocking

function.

3.31
control in
function wji

ferlocking
hich interrupts the energy supply to the hazard using indirect means

Note 1 to enftry: Examples of indirect means can include a combination of relay modules, standstill monitoj
PLCs or other control devices/systems.

3.32
safety fun
function off

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

Note 1 to enftry: See Figures 3 and 4.

[SOURCE: ISO 12100:2010, 3.30, modified — Note 1 to entry added:]

3.33

fault masking

unintended resetting of faults or preventing the detection of faults in the safety-related parts in

system (SRP/CS) by operation of parts of the SRP/CSavhich do not have faults

3.34
potential free contact
electrical gwitch contact in which electrical power is not directly provided by the device

Note 1 to enftry: Potential free contact is.also referred to as "dry contact" or "voltage free contact".

3.35
series-connected devices

interlocking devices with potential free contacts that are connected in series to one logic
performs the diagnostics

3.36
interlock blocking device
mechanical means; capable of either being locked (e.g. by a padlock or other lockable device) or
secured in| a-pesition, used to physically block or hold the actuator of an interlocking device

ing devices,

the control

hnit which

otherwise
to prevent

actuating ar engaging the interlocking device

3.37

direct guard monitoring

monitoring of the position of the guard, characterized by the detection of the position of the guar
by a position switch directly

© IS0 2024 - All rights reserved
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3.38

indirect guard monitoring

indirect guard monitoring of the position of the guard

monitoring of the position of the guard, characterized by the signaling of the closed position of the guard
provided by an actuated key-operated switch

Note 1 to entry: The key required for the operation of the switch is only available after the closing and locking of the
guard. This can include intermediate steps (transfers).

3.39

category 3 behaviour

behaviour of mechanical parts of trapped key interlocking systems where no single fault results in a loss of
the safety function

Note 1 to entry: Category 3 behaviour is characterized by (see ISO 13849-1:2023, 6.1.3.2.5):
— continyed performance of the safety function in the presence of a single fault;
— detectipn of some, but not all, faults;

— possiblg loss of the safety function due to accumulation of undetected faults.

3.40
category 4 behaviour
behaviour pf mechanical parts of trapped key interlocking systems whéreno accumulation of fapilts results
in a loss of|the safety function

Note 1 to enftry: Category 4 behaviour is characterized by (see ISO 13849-1:2023, 6.1.3.2.6):
— continyed performance of the safety function in the presence.éfia single fault;

— detectipn of faults in time to prevent the loss of the safety:function;

— the accphmulation of undetected faults is taken into acéount;

— the confsideration of an accumulation of two faults may be sufficient.

4 Symbols
Table 1 — Symbols
Symbol Function
1 m key
2 s key path
3 key trapped

(see 3.19.3)

key releasable
(see 3.19.4)

key inserted and
removable

actuator locked

@
(A
X/
Q
6 O key removed

© IS0 2024 - All rights reserved
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Table 1 (continued)

Symbol Function
8 | actuator unlocked
9 —I actuator removed
10 @ time delayed function

(see 3.18.9, see Figure K.21)

rds

5 Operating prinriplpc and types nfinfprlnrking devices associated with guga

5.1 Gen

Interlockin

classified Uising a great variety of criteria, e.g. the nature of the link between guard-and inter

(types 1 td
electronic)
systems se

Interlockin
or not and
can also b

functions before access is possible. Some interlocking devices also have a guard-locking functi

the guard
function m
output sigy

NOTE1 ]

q

4

NOTE 2
Table 2 shd

NOTE3
each typeo

NOTE4 4
application

In addition
its closed j
separate st

q

NOTE 5

bral

e Annex K.

lal [see 5.3.1 a) and b)].

'he guard-locking device can be an integral pattof an interlocking device, or a separate unit.

A\ hybrid device consisting of two or more types of interlock technology can be used, depen
Frequirements.

g techniques involve a broad spectrum of technological aspects. Interlocking devi

5 interlocking devices, see Figure 2), or the technological type (electremechanical,

ces can be
ock device
pneumatic,

of the interlock device's output system. For more information regarding trapped key interlocking

g devices have a guard position monitoring function thatenses whether the guar
produces a stop command when the guard is not in the €lgsed position. An interloc}

ocked while hazardous machine function is present. A guard-locking device status
onitors whether the guard-locking device is engaged or released and produces an a

ee also IS0 12100:2010, 6.3.3.1 for additional information on guards.

ws the actuation principles andfctuators for the defined interlocking device types.

interlocking device will be 'dependent on the risk assessment that is made for the specific maq

, under specific,conditions, an interlocking guard can be designed such that once it h
position, itgives a command to initiate the hazardous machine function(s) without t
art contfo) (control guards).

ee I18§0/12100:2010, 3.27.6 and 6.3.3.2.5, for additional information on control guards.

d is closed
king device

e used in the control of other functions, e.g. application{of a brake to stop hazardoys machine

on to keep
monitoring
ppropriate

'he five types of interlockingdevice are not presented in a hierarchical order. The correct application of

hine.

ding on the

as reached
he use of a
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Table 2 — Overview of interlocking devices

. L . Example
T Actuation princi- Actuator Guard_mom- - ——
ype ples c toring Actuation princi Actuator Annex
ples Clause
_ Rotary cam Al
Type 1 Mechanical Uncoded direct ?Ohr};selcal contact / Linear cam A2, A4
Hinge A3
Type 2 Mechanical Coded direct Fohr{selcal contact / Zs:ugautzr(;haped B.1
Magnetic Magnet, solenoid C1
Inductive Suitable ferric mefal
Type 3 Non- contact Uncoded direct Capacitive Any suitable-dbject
Ultrasonic Any suitable,object
Optic Any suitable objecf
Magnetic Coded magnet D.1
Type 4 Non- contact Coded direct RFID Coded RFID tag D.2
Optic Optically coded tag —
Type 5 l(\{ll‘i;g?;igiley) Coded iini?eizrcia or shaped AnnexX

The interldcking function shall have precedence over the guard-locking function as selection crit

type of intgrlocking device (see Table 2) and actuation principle,

© IS0 2024 - All rights reserved
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JER

O 1 1
3° 2 H H 30
5<
[, ) c )
T
6 6

a) Type 1 interlocking device

(undoded cam-operated, guard closed)

Ne |

c) Type 3 or 4 interlocking device

(uncgded or coded non-contact actuated,

guard closed)

b) Type 2 interlocking device
(coded tongue-operated, guard not dlosed)

]d

3b

104 Iﬁ‘ 'S
7
©

6

d) Trapped key interlocking system
comprising two trapped key interl(t:king
devices respectively. Type 5 interlocking

devices (guard not closed)

movable guard
interlocking device
actuator

position switch
actuating system

6
7
8
9

output system

intermediate key transfer

Type 5 interlocking device (access lock)

Type 5 interlocking device (key operated switch)

10 trapped key interlocking system

© IS0 2024 - All rights reserved
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a  Cam. ¢ E.g. RFID, reflector, suitable surface.
b Tongue. d  Movement direction.

¢ Key trapped.

NOTE In some exceptional cases, the position switch can be installed on the movable guard and the actuator on
the stationary part of the machine. In these cases, "1" is the stationary part of the machine.

Figure 2 — Principle of Types 1, 2, 3, 4 and 5 interlocking devices

5.2 Principles of guard interlocking without guard locking

When guafd interlocking function without guard locking 1s used, the guard can be opened dt any time
regardless|of the function of the machine.

If the guardl is not closed, the interlocking device shall initiate a stop command.
The access|time shall be longer than the overall system response time (see ISO 13855, 5.4).
NOTE1 FHor interlocking with the machine control system, see Clause 9.

NOTE 2  kExamples of interlocking devices without guard locking are shown in Anhéxes A, B, C and D.

NOTE 3  Afunctional diagram of interlocking devices without guard locking/s shown in Figure 3.

hazardous machine 1 H guard closed
function J
possible/hazard cannot Y
be reached

~ — — End of closing — —+ + Beginning of guard opening
hazardous machine ]
function <
prevented 2

— guard not closed

Figure 3 — Functional diagram of interlocking devices without guard locking

5.3 Principles of guard interlocking with guard locking

5.3.1 General

When intefflocking-with guard locking is applied, opening of the guard shall be prevented by a gugrd-locking
device unlg¢ss allihazardous machine functions associated with this guard have reached a safe stdte.

There are two Altarnativnc forthn dncign oftho griaved ool g Flaon i a
tWoarteratve SO+t aeSigh ottt gHatra o6 g tHhet

a) Unlocking of the guard can be initiated at any time by the operator. When unlocking is started, the guard-
locking device generates a stop command. This is called unconditional unlocking. The time necessary for
the guard to be unlocked shall be greater than the time necessary for the hazardous machine function
to cease.

b) Unlocking of the guard is possible only when the hazardous machine functions have ceased or hazardous
situation has ceased. This is called conditional unlocking.

© IS0 2024 - All rights reserved
13


https://standardsiso.com/api/?name=34a1e6e59331b6be1a88304bd1f9aa99

ISO 14119:2024(en)

Ining of the

yithout time

1 | | guard closed and locked hazardous 1 | | guard closed and locked
unlocking possible g machine ) unlocking impossible
function
A possible A Hazard disappearance
locking | | . . unlocking | | (e.g. machine brought to rest)
achieved unlocking achieved a prevented detected or ensured by
Y y fixed time having elapsed
y guard closed and unlocked 2 L guard closed and locked
guard opening possible unlocking possible
hazardous
Iy machine i
end of T function locki
guard +~  —+ beginning of guard opening prevented O_C g 1 unlocking achieved
closing achieved

|| | | suard closed.& unlgcked

3 guard not closed 3 guard opening possible

A
End of R
cosing T T beginning of guard openjng
\
4 N guard not closefl
Unconditional unlocking Conditional unlocking
Key
a2  "unlocking achieved" implies that:

— a $top command has been initiated simultaneously; with and as a consequence of, the begir

acfuation of unlocking device;

— thp time necessary for the guard to be unlocked is greater than the time necessary for the hazard to cease.
NOTE IIn conditional locking, the change fromState 2 to state 3 or from state 3 to state 2 can happen
delayed.

Figure 4 — Functionaldiagrams of interlocking devices with guard locking
Examples ¢f guard-locking dewices are given in Annex E.
5.3.2 Interlocking device with guard locking
5.3.2.1 Ipterlocking device with guard locking by form
The mechanical part (e.g. bolt) which locks the interlocking guard can be:

manuatly applied and manually Teleased (See E.5);
spring (or similar) applied and power-ON released [see a) in Table 3];
power-ON applied and spring (or similar) released [see b) in Table 3];

power-ON applied and power-ON released [see c) in Table 3].

Mechanically operated guard locking shall use the principle of direct mechanical blocking due to form.
Friction and force alone shall not be relied upon.

© IS0 2024 - All rights reserved
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5.3.2.2 Interlocking device with power-operated guard locking by electromagnetic force

The guard is kept closed (locked) without any mechanical locking elements by an electromagnetic force [see
d) in Table 3]. The electromagnetic guard locking operates on the principle of power-ON applied and power-
OFF released.

Table 3 — Operating modes of guard-locking device in power-operated guard-locking devices

Sprin
a) J — agpliegd Engaged
- S Power-ON Released
released
N i 9% é Z
N 1! E— Power-ON
b) applied Engaged
BA A AN} ;
1 B B Spring Released
released
- Power-ON
) appliegt Engaged
- Power-ON Released
released
Power-ON
d) applied Engaged
|

© IS0 2024 - All rights reserved
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Table 3 (continued)

1

Power-OFF
released

Released

!

6 Requ
and with

6.1 Gen

Interlockin
(see Clausd

6.2 Arrs

Position sy

self-lopsening shall be prevented;

irements for the design and the arrangements of interlocking devices
out guard locking

bral

10).

Ingement and fastening of position switches, bolt locks and access locks

Uitches, bolt locks and access locks shall be arranged so that they are protected again
ition. In order to achieve this, the following gequirements shall be met:

brs of the position switches, bolt locks and access locks shall be reliable and loosening
b a tool;

n switches of Type 1 interlockifig'devices and bolt locks shall have provisions for pe
the location after adjustment ‘(e.g. by means of drill holes in combination with non
brs, pins or dowels);

t locks and access locks,oblong holes shall not be used as the sole means of fastening;

ary means of accessto position switches, boltlocks and access locks for maintenance arj
rect operation-shall be ensured. Prevention of defeat in a reasonably foreseeable m
considered«vhen designing the access means;

sitign'\switch, bolt lock or access lock shall be located and, if necessary, protected so th

5 with

g devices shall be installed in accordance with the instructions provided by the manufacturer

5t a change

them shall

rmanently
removable

d checking
inner shall

at a failure

foreseeable external causes is avoided;

the movement produced by mechanical actuation or the gap of the proximity device actuating system

shall remain within the specified operating range of the position switch or actuating system specified
by the manufacturer of the interlocking device to ensure correct operation and/or prevent overtravel

ng in damage;

a position switch, bolt lock or access lock shall not be used as a mechanical stop, unless this is the

intended use of the position switch, bolt lock or access lock as declared by the device manufacturer;

of their pos
a) fasten
requir
b) positid
fixing
fasten
c¢) forbol
d) necess
for co
also bd
e)
f) thepo
due to
g)
resulti
h)
i)

misalignment of the guard that creates a gap before the position switch, bolt lock or access lock changes

its state, shall not impair the protective effect of the guard (for access to hazard zones, see ISO 13855
and ISO 13857);
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tain correct operation of the position switch, bolt lock or access lock.

6.3 Arrangement and fastening of actuators

6.3.1 Ge

neral

the support and fastening for the position switches, bolt locks and access locks shall be sufficiently rigid
to main

Actuators (see Figure 2) shall be so fastened to minimize the possibility that they come loose or change their

le external

ictuator as

peration of

e following

equivalent

ctuated by
shall have

vith a Type

evice with

intended position relative to the actuation system during the intended lifetime.

NOTE Aregular check can be necessary (see 10.2.2).

The follow ng requirements shall be met:

a) fasteners of the actuators shall be reliable and loosening them shall require a tool;

b) self-logsening shall be prevented;

¢) the actuator shall be located and, if necessary, protected so that failure due(to*foreseeab
causegis avoided;

d) an actpator shall not be used as a mechanical stop, unless this is the inténded use of the :
declared by the manufacturer;

e) the support and fastening for the actuators shall be sufficientlyrigid to maintain correct o
the acfuator.

6.3.2 Cams

Rotary andl linear cams (actuator, see Annex A) for Type 1 interlocking devices shall meet th

requirements:

a) they shall be fixed by fasteners requiring a toglfor loosening them;

b) final flxing shall be achieved by form {(eig. spline or pin) or other methods that provide
integrity of fixing;

c) they shall not damage the positiofiiswitch or impair its durability.

6.4 Actyation modes of interlocking devices

When a single Type 1 or Type)2 interlocking device is used to initiate a stop command, it shall be ¢

direct mechanical action*between guard, actuator and actuating system and the contact element

direct opeming actions(see 3.7, 3.8 and Table 4).

Non-direct mechanical action for a Type 1 interlocking device shall be used only in conjunction

1 or Type 2 interlocking device with direct mechanical action between guard, actuator and output system.

Combining| éne ‘interlocking device with direct mechanical action with a second interlocking d

non-direct i i i '
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Table 4 — Direct and non-direct mechanical action of Type 1 interlocking devices

Example of
Me(.:hamcal Guard closed Guard not closed Working mode be.havmur in case of
action failure
(see 9.2.4)
The plunger is held
depressed by a cam
as long as the guard is
¢ a not closed. The output system
H When the guard is remains in a safe
Direct L 1 er(lj h g state when the guard
_FL_l_ closed, t he OUtP‘%t is not closed even if
system ¢ 1anges fts ___|the spring breaks.
SUdLE d5 L€ I'eSuUulIl O
I}" action of the return
spring.
The plunger is held
depressed by a cam
e % as long as the guard\is|If the sprinlg breaks,
o : closed. the outputfsystem can
Non-direct When the guard is go to an unfsafe state
not closed, tlieloutput |even if the guard is
system changes state |not closed.
as thetsesult of action
of theyreturn spring.
Interlocking devices shall be actuated appropriately to the actuation principle of the applied position switch.
If a Type 3 pr Type 4 electronic position switch is the only intérlocking device, it shall meet the requirements
of IEC 60947-5-3.
6.5 Mechanical stop
Where an interlocking device or guard-lockingdevice is used as a mechanical stop of the interlocking guard,
it shall be pnsured that the device is not subjected to impact (s) in excess of the maximum impgact energy
withstand value stated by the manufacturexr
NOTE Additional mechanical stops,canbe installed to ensure the device is not subjected to such impact(s).
If an interlocking device is declared by its manufacturer to be suitable for use as a mechanical stop, the
maximum jmpact energy withstand value shall be evaluated according to 1.2 and its value shall Be stated in

the instrud

6.6 Add

6.6.1 General

In additioy

devices.

tions for use [see10:2.2 q)].

jtional reguirements on guard-locking devices

to’ the requirements stated in 6.1 to 6.5, the following requirements apply to gud

ird-locking

If the application of the guard-locking function creates hazards, e.g. a person exposed to a hazard
whilst trapped within a safeguarded space, additional measures shall be taken (according to 7.2.3 and

[SO 12100:

2010, 6.3.5.3).

The locking element (e.g. bolt) intended to lock the guard shall be "spring applied — power-ON released" [see
Table 3 a)] or “power-ON applied - power-ON released” [see Table 3 c)] unless this is not appropriate based
on the risk assessment. If, in a specific application, operating modes of the guard-locking device according to
Table 3 b) or Table 3 d) are used, measures shall be taken to reduce risks generated by power failures. For a

selection see, e.g. 7.2.3.
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Electromagnetic coils used for the locking and unlocking function shall meet the construction and
performance requirements of IEC 60947-1:2020, 8.2.2.7.

The requirements of 6.6 apply when guard-locking function is used for the protection of persons. The
requirements do not apply when guard-locking function is used solely for the protection of a process.
Nevertheless, if guard-locking function and guard interlocking function are part of the same device, the
functional safety performance of the guard interlocking shall not be negatively affected by the guard-locking

function (i.

e. where the guard-locking function is used solely for the protection of the process).

The requirements of 6.6 apply to both guard-locking devices composed of separate components as well as to
guard-locking devices which form an integral part of an interlocking device with guard locking. They apply
to all technologies.

The guard
compatible

The guard

and locked|

6.6.2 Lo

The manu
locking dey

tockimgdevite strattattow theengaged position to be mormitored by providing amout

with a control system designed in accordance with ISO 13849-1 or IEC 62061.

tlocking device shall only allow hazardous functions of the machine when the guar

cking force

facturer of the guard-locking device shall specify the maximum_ocking force F,y
rice withstands in the engaged position. This force, F;y, shall be-determined according

When applied, a guard-locking device shall be selected such that th€ maximum expected force

the guard |

6.6.3 Elg

6.6.3.1 (

Electrome
closure, se

Figure 5 sh

6.6.3.2 (

The engag
Clause 9.

The hazar
position of]

"Max in the application (see Annex H) does not exceed thedmaximum locking force, Fyy
tctromechanical guard-locking device

feneral

ranically operating guard locking shallyresult from the engagement of two rigid p
e Table 3 a) to Table 3 c)].

ows the functionality of such a deyice.

fuard-locking monitoring

ed position of the logking element shall be monitored in accordance with the requi

Hous functioncof-the machine shall only be possible when the monitoring detects
the guard and-the engaged position of the locking element (see Annex E).

of the guard-locking device requires one of the following methods to be applied:

locking element can only be engaged when the movable guard is in the closed pd

ut system

d is closed

the guard-
to Annex [.

exerted on

arts [form

rements of

the closed

sition (see

Monitoring
a) if the
Figure|

|5, by monitoring of the locking element (prevention of inadvertent locking position);

b) monitoring of the locking element and additionally monitoring the guard position.
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Key

a

Guard

b Guard

losed and locked.
losed and not locked.

1
2

actuator (tongue)
loeking element (bolt)

C

Guard
NOTE

figure) and
operated byj

Figure 5

6.6.4 Elg

6.6.4.1 (

The force 1
Table 3 d)]

Lot closed and not locked.
|

3 \actuating system (internal rotating cam)

this kind of position switch the actuator hastwo functions: to operate the contacts (not s
fogether with the internal rotating cam and(the bolt to provide the guard-locking function. Thg
external means, e.g. a solenoid or pneuniatic cylinder.

— Example of locking element that can only be engaged when the movable guarg
closed position

bctromagnetic guard-locking device

teneral

equired for{the locking of the guard is applied by the generation of an electromagnet

6.6.4.2 (

hown in the
2 bolt can be

| is in the

c field [see

fuard-locking monitoring

When an electromagnetic guard-locking device is used for safeguarding, its effective locking force shall be

monitored

to determine that it is equal or exceeds the specified locking force Fy,.

The hazardous function of the machine shall only be possible when the monitoring detects the closed

position of

NOTE

the guard and the achievement of the specified locking force Fy,.

different means, e.g. measuring the solenoid current, by measuring the electromagnetic field strength.

Depending on the design of the electromagnetic guard-locking device, this function can be achieved by

When the lock force monitoring function is not provided by the electromagnetic guard-locking device itself,
it shall be provided by external safety-related parts of the control system of the machine.
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6.6.4.3 Basic measures for minimizing defeat possibilities

If an electromagnetic guard-locking device is opened by force, it shall be ensured that the process cannot be
immediately continued.

This can be implemented by:
a) means of measures within the guard-locking device, such as, for example:

1) areset after an interruption of the hazardous machine function is only possible after a minimum of
10 min; or

2) the generation of a malfunction of the guard locking, which requires replacement or repair; or

b) means|of equivalent time-consuming measures in the machine control system, such as, foriexample, the

follow]ng sequence:

1) warning message at the machine;

2) cyfle stop;

3) switching-off the production mode;

4) testing of the guard-locking function;

5) switching-on the production mode;

6) reptarting the next machine cycle (after a fixed time period of a minimum of 10 min).
NOTE1 In contrast to an electromechanical guard-locking devige, an electromagnetic guard-locking device shows
no damage after an opening by force.
NOTE 2  The objective of the measure is that an opening by force results in a time expenditure which is similar to that
of repair wdrks (time delay) and comparable with the repair'of a damage to an electromechanical guard-lodking device.
6.7 Addjtional requirements on accessdocks
6.7.1 Gepneral
In addition|to the requirements stated.in 6.1, 6.2, 6.3.1 and 6.5, the following requirements apply to afcess locks.
If the application of the guatd-locking function creates hazards, e.g. a person exposed td a hazard
whilst trapped within a safeguarded space, additional measures shall be taken (according t¢ 7.2.3 and
[SO 121002010, 6.3.5.3).
The access|lock shall gnly allow hazardous functions of the machine when the guard is closed and locked.
Parts designed with intentionally weak points may also be used to create safe failures in order| that other
critical parts-aré not exposed to high loading and, therefore, cannot fail dangerously, e.g. a kely designed
to break at adow force (safe failure) prevents damage to the lock if an attempt is made to force| the key to

override the locking mechanism.

6.7.2 Lo

cking force

The manufacturer of the access lock shall specify the maximum locking force F;}; the access lock withstands
in the engaged position. This force, F;}, shall be determined according to Annex I.

When applied, an access lock device shall be selected such that the maximum expected force exerted on the
guard Fy 5y in the application (see Annex H) does not exceed the specified locking force, Fyy;.
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6.8 Whole body access

For applications where there is a risk that person(s) can be trapped inside a safeguarded space, measures to
reduce or eliminate risks arising from the situation shall be implemented.

These measures can include:

— application of personnel keys according to K.4.3;

— escape release according to 6.9.1;

— use of interlock blocking devices according to 6.10.

If there is a risk of unexpected startup of a machine when a person is inside a safeguarded area of the

machine, rIeans in accordance with ISO 14118 shall be applied. These measures can include:

— amantal reset function according to ISO 13849-1:2023, 5.2.2.3;

— preserce sensing devices according to IEC 62046.

Depending on the application, supplementary methods of release of guard locking can be necg

[SO 12100:2010, 6.3.5.3). For their selection, see 7.2.3.

NOTE Escape and emergency releases can be separate devices or provided withthe guard-locking de

Where applied, separate devices for escape or emergency release and-guard-locking devices, wit

escape or gmergency releases, shall withstand the following:

— expectled operating stresses, e.g. force and frequency of operation;

— enviropmental influence, e.g. influence of abrasive materials, e.g. cement dust in a cement prod

— other televant external influences, e.g. mechanical@ibration.

6.9 Supplementary releases

6.9.1 Escape release of guard locking

When the guard-locking device is previded with an escape release, the following requirements sk

— deliberate unlocking of the guard locking from inside of the safeguarded space shall be eas
without auxiliary means andregardless of the operating condition;

— the unlocking means~shall be manually operated and act directly on the principle of t
mechajnism;

— the un|ocking shall generate a stop command which is maintained;

— the un|ocking means for the escape release shall only be accessible from inside the safeguard

bssary (see

Vice.

h provided

uction line;

all be met:

ly possible

he locking

ed space.

6.9.2 Auxiliary release of guard locking

When the guard-locking device is provided with an auxiliary release the following requirements shall be met.

— Deliberate unlocking of the guard locking from outside the safeguarded space shall be possible only by
the use of a tool or key(s) and regardless of the operating condition. The instructions for use shall state
that the restoring of the function of the guard-locking device is necessary before normal operation is
resumed.

The unlocking of the auxiliary release shall generate a stop command which is maintained.

The resetting of the auxiliary release shall be possible only by means of a tool, key(s) or similar objects

or by other equivalent methods (e.g. change of a component). This requirement can be fulfilled on a
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control system level. If the requirements are intended to be fulfilled on a safety control system level (not
in the guard-locking device), clear instructions that this needs to be achieved shall be provided in the
instructions for use of the guard-locking device [see 10.2.2 m)].

6.9.3

Emergency release of guard locking

If it is foreseeable that access is necessary in case of emergency, for "spring applied — power-ON released" or
“power-ON applied - power-ON released” systems [see Table 3 a) and Table 3 c)], a guard-locking device with
emergency release shall be provided. When the guard-locking device is provided with an emergency release
the following requirements shall be met:

easily

ctuated without auxiliary means, regardless of the operating condition:

deliberate unlocking of the guard locking from outside the safeguarded space shall be possible and be

the un
mecha|

the un
the un

the em
shall b

the req
changg
are inf
that th
[see 1(

6.10 Inte

For the pr
can be proj

Where an i
locking fur

The interlg

The interld
function.

7 Selec

7.1 Gen

nism;

locking means shall be manually operated and act directly on the principle (of t

ocking shall generate a stop command which is maintained;

ocking results in a blocking of the locking means in the released conditien;

e positioned and/or shielded to prevent accidental opening of the lock;

etting of the emergency release shall be possible only by means of a tool or by other m

ended to be fulfilled on a control system level (not in the.guard-locking device), clear iy
is needs to be achieved shall be provided in the instructions for use of the guard-locl
.2.2 m)].

rlock blocking

vention of an unexpected startup according to ISO 14118:2017, 6.3.3, interlock block
yided.

interlock blocking device is proyided, it shall not negatively affect either the interlockin
ction.

ck blocking device shallnpt be used as an insulator means as described in ISO 14118.

ck blocking deviceritself is neither considered as a part of the interlocking device nor

tion of anvinterlocking device

bral

he locking

ergency guard locking release shall be clearly marked to be used oy in emergency sityations and

bthods (e.g.

of a component). This requirement can be fulfilled on a‘oritrol system level. If the requirements

1structions
xing device

ng devices

i or guard-

of a safety

When sele
life cycle.

Cling an Interiocking device I0or a machnine, 1t 1S necessary to consider all phases ol i1

Selection shall take into account, but not be limited to, the following criteria:

the hazards present at the machine (according to ISO 12100:2010, 5.4);
the severity of the possible injury (according to ISO 12100:2010, 5.5);
the probability of failure of the interlocking device (see Clause 9);

overall system response time and access time (see 7.2.1);
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— therequired performance level (PLr,see ISO 13849-1) or the required safety integrity level (SIL, according
to IEC 62061) for the safety functions (see 9.1);

— information for use according to 10.2.2 provided for the interlocking device(s);

— for Type 4 interlocking devices, the means to avoid that a single actuator can be taught in an unlimited
manner by the operator without special knowledge and special tools;

— environmental conditions (see 7.3).

7.2 Selection of a guard-locking device

7.2.1 Overall system response time and access time

An interlo¢king device with guard-locking function according to 6.6.1 shall be applied to-an-ipterlocking
guard wheh the overall system response time is greater than or equal to the access time taken by p person to
reach the Hazard zone (see Figure 6).

The access|time shall be calculated by using the distance between the hazard zonejand the guard together
with the approach speed (see ISO 13855 for typical values).

In case of 1pss of power, the stopping time of a machine is often considerably lengthened. Where this leads to
significant/hazard the lengthened stopping time shall be considered as the-overall response time

NOTE ffor the determination of overall systems response time, the spged of moving equipment does|not need to

be considergd under fault conditions.

overall system response
time > access-tjie

\i

Interlocking guard
without guard locking
can be sufficient
(see 6.1 to 6.5)

Interlocking guard
with guard locking
(see Clause 6)

End End

Figure 6 — Determination of the need for guard-locking devices

7.2.2 Specific requirements for selection of guard-locking devices

The guard-locking device shall be selected such that the maximum expected force exerted on the guard
Fyax in the application (see Annex H) does not exceed the specified locking force, F;};. Dynamic effects such
as bouncing or chattering shall be considered as well.

NOTE1 A dynamic force occurs when the door is closed and the locking mechanism is already activated (see
Figure 7).
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If the expected impact reaction forces are higher than the forces the selected device can withstand, then
design measures shall be applied to reduce or avoid the impact reaction forces.

When the guard-locking device is intended to be activated automatically when the guard reaches the closed
position, the selected guard-locking device shall withstand the resulting mechanical forces.

1 2 34 1 2 3 L
¥ / / ! N /
. ]
= b
— [ =
\ \
5 5
a) Door not closed b) Dodrclosed and locked
Key
1  movable guard 4  fixed patt of the guard
2 actuatdr 5  mechanical stop
3  guard-locking mechanism (lock)
a  Directipn of closing. ¢ _\Dynamic force expended on locking mechahism.
b Rebound at mechanical stop.
Figure 7 — Example of a guard-locking device affected by dynamic forces
NOTE 2 It is assumed that the construction of the guard is sufficiently rigid so that it does not impait the guard-
locking fungtion (see ISO 14120).
Depending| on the design, geometry and orientation of the movable guard, the exerted maximum static
forces can [result in a higher value on the guard-locking device. Therefore, the integration shall cpnsider the
design, gedmetry and orientation (see Annex H).
NOTE3  Annex H gives{oriéntation for the maximum static action forces which can be exerted on movalyle guards.
7.2.3 Selection-of Supplementary guard-locking releases
Depending| on, the application, supplementary methods of release can be necessary. These mepsures can
include, but-a¥e-netlimited-te:

an escape release of guard locking according to 6.9.1;
an emergency release of guard locking according to 6.9.3;

special design of the guard to allow escape;

auxiliary release of guard locking according to 6.9.2 can be necessary when it is foreseen that it is

necessary to get to the safeguarded space in special situations, e.g. when the locking is power ON released
and the power is lost and the guard locking does not have emergency release function.

NOTE

An escape release can be used in combination with an emergency or auxiliary release.
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ronmental conditions considerations

7.3.1 General

The technology and type of an interlocking device shall be suitable for the conditions of use (e.g.
environmental, hygiene) and for the intended use of the machine. Environmental conditions shall be

considered

dust;

for the selection of the appropriate interlocking device. Criteria are for example:

temperature;

moisture;

subst

electr(

The interlg

Failure an
acids or al
of technold
significant
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units, it sh
the admiss|
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If Type 2 d
be conside
of particle
applied.

NOTE

the ingress
enclosure. 7
failure of th

]

7.4 Con!

A key trang
the key pat

vibration and shocks;

ces used in the process (e.g. processed materials, cleaning agents);
magnetic influences.
cking device shall withstand all foreseeable influences during its intended lifetime.

1 the possibility of such effects, particularly over time (e.g. induced by corrosion
kalis like seawater), shall be taken into account. The particularydesign of the interlod
gy used can cause it to be susceptible to the ingress of cliemicals or particles. In aj
pollution is present, manufacturer’s guidance should bessought.

bining Type 3 or Type 4 interlocking devices using reed contacts together with monit
hll be verified that possible current spikes caused by the monitoring logic unit are noft
ible limits of the reed contacts.

luence of dust on Type 2 and Type 5 interlocking devices

r Type 5 interlocking devices are applied, the possible pollution at the mounting loq
red. Type 2 or Type 5 interlocking(devices can be unsuitable in applications where {
5, chips or dusts cannot be prevented unless suitable measures (e.g. dust protection

'he actuator is inserted into'the position switch, therefore the position switch has an opening
bf dust. The indicated degree of protection IPXX according to IEC 60529 relates exclusively to t
he pollution of the mechanical parts can result in the degradation of the mechanism and in
e interlocking device:

siderationsfer the application of trapped key interlocking systems

fer plaiishall be designed for each trapped key interlocking system. This transfer plan
h. Kejreoding shall be established based on the safety related specifications.

A Type 5 interlocking device may be operated by two or more differently coded keys or a key mj

from salts,
k and type
‘eas where

oring logic
exceeding

ation shall
he ingress
cover) are

rhich allows
he electrical
h dangerous

shall detail

ay operate

two or more differently coded Type 5 interlocking devices. Selection of Type 5 interlocking devices shall be
in accordance with Annex K.

8 Design to minimize the motivation to defeat

8.1 System design

Interlocking functions shall be designed such that they cannot be easily defeated (see ISO 12100:2010,

5.5.3.6).
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The defeating of interlocking devices makes the protective measure of protective devices inoperative and
therefore can increase significantly the risk of harm. As far as practicable, protective measures shall take
such foreseeable misuse into account.

The interlocking device shall provide the minimum possible interference with activities during operation
and other phases of machine life, in order to reduce any incentive to defeat it:

— easyo

peration of the machine, in particular during maintenance and service operations;

— failure-free operation of functionality of a machine.

8.2 Methodology procedure

The follow[ng procedure shall be followed:
a) Implement the basic measures described in 6.2, 6.3, 6.5, 6.6.4.3 and 7.2.
Type 3 interlocking devices shall not be used unless the device cannot be defeated in a peasonably
foresegable manner.
b) Check whether the motivation to defeat the interlocking devices in a reasonably, foreseeable mahner exists.
NOTE1 Considering experience of use of similar machines is helpful, see [S0"12100:2010, 5.2 c).
NOTE 7 Table G.1 can be used for guidance to evaluate or elimidate, or both, the motivatign to defeat
interlo¢king devices.
c) Check whether the motivation to defeat the interlocking deyicée-can be eliminated or minimizef by either:
— design measures; or
— appropriate operating modes, or both.
The injplementation of appropriate operating modes shall have precedence.
NOTE3 The implementation of appropriate 0perating modes can avoid the motivation to defeat. Appropriate
operation modes can be, for example, special modes for setting, tool changing, fault finding, maintenance
or prodess observation. They depend highly on the type of machine and its application and cannot be covered
comprghensively in this document. A type-C standard describing operating modes can also be usefl instead of
Annex [ to find out about appropriate modes of operation.
NOTE 4 See IS0 12100:2010;°6:8.
d) If foregeeable motivation for defeat continues to exist, additional measures are required (see|8.3).
Figure 8 pijovides a schematic representation of the methodology for determining the possible in¢gentive and
the required measures done by the machine manufacturer.
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( Start

\

Implement basic
measures
[see 8.2 a)]

\

Is there a motivation yes
to defeat? [see 8.2 b) *
and Annex G]

[s it possible to
no eliminate or minimize the yes
motivation for defeating of
interlocking devices?
[see 8.2 ¢)]
no
\i
Implementation of the Elimination‘or minimisation of motivgtion
measures against “Defeat in a for defeating by implementation of
reasonably foreseeable désign measures or by implementatjon
manner” according to Table 5 of appropriate operating modes
necessary [see 8.2 d)] [see 8.2 c)]
\

End

Figure 8|— Methodology for determining the possible incentive to defeat interlocking deyices and
the required measures to be applied by the integrator

8.3 Addjtional measures to minimize possibility of defeat

This subclause presents possiblé imeasures against defeat in a reasonably foreseeable mpnner. For
requirements and applicability,See Table 5.

a) Restrigtaccess to the elements of the interlocking device:

NOTE1 The termirestrict is used to express a certain physical hindrance but not to restrict the access to a
certain/group of pegsons.

1) mountingout of reach (see Figure 10);

2) physieal obstruction or shielding (see Figure 9);

3) mounting in hidden position, under consideration of 6.2 d);
b) Limit substitute actuation of the interlocking device by readily available objects by use of:
1) low-level coded actuators;
2) medium-level coded actuators;
3) high-level coded actuators;

c) Prevention of dismantling or de-positioning of the elements of the interlocking device by use of non-
detachable fixing;
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EXAMPLE Considered as non-detachable fixing in this context are:

Not co

Minim|

1y

2)

welding;

gluing (strong enough that requires at least heat or chemical agent to be removed) of the thread;

one-way SCrews;

riveting;

wear out the slots of the head of screws to prevent their removal;

filling (with plastic, resin, coverages or caps removable only by destruction or a metal ball) the opening of
bolts and screws.

SC
SC

us

N(
rej
fag

in{

N(
Th

ch|
de

N(
mg

N
re

fize possibility of defeat:

hsidered as non-detachable in this context are:

Fews are readily available, except when the pin has been bent after installation;
e of easily detachable blocking substances, e.g. caps, wax, tamper proof labels;
TE 2 Use of non-detachable fixing can be an inappropriate solution(in cases where a fa

blacement due to wear) of the interlocking device during lifetime of the mrachinery can be exp
t change is necessary. In this case other measures, e.g. a), b) and d), ar'e more appropriate.

egration of defeat monitoring in the control system by:means of:
status monitoring;
cyclic testing;

TE 3 In i) the control system for instance expects the opening of a door in a defined m:
e absence of the control signal indicates a défeat.

TE 4 In ii), cyclic testing, the operator is requested by the control system to actuate th
e absence of the expected control signal indicates a defeat.

ecking for plausibility using.different actuation principles which require an additiona
feating.

chanical action whilethe other is not.

TE 6 In'this context, checking for plausibility means checking that both interlocking
cting in a predefined manner.

rews and bolts with hexalobular socket or similar and a pin in the opening, becausetod|s for these

ilure (or e.g.
ected and a

chine cycle.

b safeguard.

[l action for

TES Different( actuation principles means than one position switch is actuated by direct

devices are
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2 cover (
a Directi

NOTE
front of it.

Figure 9 — Examples of protection against defeating by physical obstruction or shiel

|
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a) Type 2 interlocking device

guard (not closed)
fixed part)
bn of closing.

3
4
5

b) Type 3 or Type4 interlocking d¢vice

position switch
actuator

slot

efeating of the interlocking device is made difficult by the cover (2), or by the presence of the guard in

ding
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e 6
Key
1  hinge gosition switch 5 moving direction of the guard
2 rotor (hazardous tool) 6  process dependent height over ground
3  guard 7  cover attached to frame
4  lifting gear of the guard 8 actuation coupling

Figure 10— Example of protection against defeating of a torsion angle operated interlockjng device
by mounting out of reach at a machine for road construction

8.4 Addjtional measures to minimize possibility of defeat for Type 5 devices

8.4.1 Geperal

The following“specifics apply to trapped key interlocking devices It is important to note that nane of these
issues affect the performance level (PL or SIL) and are only of consideration in cases where motivation to
defeat the interlock exist.

NOTE There is a clear distinction between the coding of keys and the coding of actuators in a trapped key system
(see K.1.1.2 and 8.3).

8.4.2 Key retention

In order to prevent the key from being easily removed from the Type 5 interlocking device in the trapped position
it shall not be possible to remove the key out of the Type 5 interlocking device with a force less than 250 N.

All of the parts that are intended for blocking the key, including the key itself, shall be able to withstand a
torque of at least 5 Nm applied to the key.

© IS0 2024 - All rights reserved
32


https://standardsiso.com/api/?name=34a1e6e59331b6be1a88304bd1f9aa99

ISO 14119:2024(en)

Furthermore, at torque values greater than 5 Nm, it shall be ensured that the key does not shear out of the
device resulting in a loss of the safety function (e.g. through design features such as predetermined breaking
points).

8.4.3 Reproduction of keys

Keys for Type 5 interlocking devices shall be designed in a way that they are not easily reproducible (for

example w

Considerat

ith hand tools or a locksmith), other than by the original device manufacturer.

ion shall be given with regards to the processes that allow the ordering of spare keys.

9 Requirements for the control system

9.1 Gen
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S) (see IEC 62061) with the purpose to prevent hazardous situations.
king guard is able to fulfil several independent safety functions:
nction when opening the guard;

tion of unintended start-up while the guard is not closed{see ISO 14118:2017, Clause €
g guards with guard-locking function are able to fulfikseveral independent safety fung
e of the guard-locking device according to 9.3;
nction when releasing the guard-locking deyvice;
tion of unintended start-up while the guard is not closed and locked (see ISO 14118:201]

fo ISO 13849-1:2023, 5.1 and IEC 62061:2021, 5.2.5, arisk estimation shall determine th
r each safety function that shall’bé carried out.

nterlocking system requires\PL e in accordance with ISO 13849-1, a designated arch
or 4 is required. Where SIL'3 in accordance with IEC 62061 is required, a minimun]
nce (HFT) of 1 is required. These requirements can be achieved, e.g. by implementing
g devices, or by using a single PL e device that displays the relevant category behaviou

xamples of interlocking devices realised in several architectures are given in Annex F.
ssmentoffaults and fault exclusions

sessment of faults

g devices with or without guard locking are safety-related parts of the cont¥ol'systemn (SRP/CS)
of a machine (see ISO 13849-1) or a subsystem or a subsystem element of a safety-related electr

cal control

).

tions:

/, Clause 6).

le required

itecture of

hardware
two Type 1
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For applicd
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diagnostic

coverage (DC) for the required safety performance, a functional test (see ISO 13849-1 and IEC 62061)
can be carried out every time the device changes its state, e.g. at every access. If, in such a case, there is
only infrequent access, the interlocking device shall be used with additional measures because, between
consecutive functional tests, the probability of occurrence of an undetected faultis increased. If, for detecting
of a fault, a manual test (e.g. opening of a guard) is necessary, but frequency of access to the safeguarded
area is seldom, the following intervals shall be chosen:

— atleast every 12 months for PL d with Category 3 or 2 (according to ISO 13849-1) or SIL 2 with HFT = 1
(according to IEC 62061).

— atleast every 1 month for PL e (according to ISO 13849-1) or SIL 3 (according to IEC 62061).
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The control system of the machine should demand these tests at the required intervals, e.g. by visual display
unit or signal lamp. If implemented, the control system shall monitor the tests and stop the machine if the

test is omitted or fails.

9.2.2 Fault exclusion

9.2.2.1 General

Possible fault exclusions shall be evaluated separately for mechanical, hydraulic, pneumatic and electrical
systems, taking into account the environmental conditions and external influences to be expected.

Fault exclusions shall only be applied where devices are used within the limits specified by the manufacturer

(see 10.2).

Fault exclu

The requir
taking into
the proper

q

J

NOTE 1

Fault exclu
faults. The

To reach P
exclusion fi
dual chann
architectu

channel pafrt cannot fail before other dual channel parts,&.g. through over dimensioning, a fault ¢

sions shall be in accordance with ISO 13849-1:2023, 10.1.4 or IEC 62061:2021, 7.3-3.3.

ements for fault exclusion shall be maintained during the lifetime (missionytime o

fies of a device.

ub surface defects of parts are, e.g. cavities, inclusions and porosity.

improbability of these faults shall be justified based on FMEA and according to 9.2.2.2

F a device),

account influences, e.g. wear, sub-surface defects and fatigue of mechanical parts, which degrade

sion on mechanical parts shall be based on the technical improbability of occurrence of such

t0 9.2.2.6.

. e or SIL 3, an interlocking function shall not rely entirely on fault exclusions. In cag
por interlocking functions intended to reach PL e or SHx'3, the interlocking device sha
el structure or a category 4 behaviour to the majority of its architecture. Individual {
‘e of an interlocking device may be of single charne€l structure. If it can be proven tha

e of a fault
11 exhibit a
arts in the
[ the single
xclusion is

permissible and will not limit the PL or SIL.

NOTE 2  Kor more information, see 6.4.

9.2.2.2 Mechanical fault exclusions forType 1 interlocking devices

For Type 1|interlocking devices, fault ex¢lusion for their mechanical parts shall not be applied.

An interlogking system applying Type 1 interlocking devices and requiring PL e in accordance with
[SO 1384911 or SIL 3 in accordance with IEC 62061, shall be implemented by the integration of anl additional
interlocking device of any of the Types 1 to 4.

9.2.2.3 echanical fault exclusions for Type 2 interlocking devices without guard locking

For Type 7 interlocking devices, the following faults of their mechanical parts can be excludgd: damage
(breaking)| and wearing of the actuator and the actuating system due to misalignment, only iff additional
mechanical 4lighment elements prevent the actuation of the position switch outside thg¢ limits of

misalignmentspecified by the manufacturer.

The additional mechanical alignment elements shall be designed and constructed as to be effective when
subjected to a load equal to two times the maximum force expected during the operation of the guard for the
intended lifetime (mission time) of the interlocking device.

NOTE For additional information on maximum forces see Annex H.

Where not all mechanical faults can be excluded, an interlocking system applying Type 2 interlocking devices
and requiring at least PL d in accordance with ISO 13849-1 or SIL 2 in accordance with IEC 62061 shall be
implemented by the integration of an additional interlocking device of any of the Types 1 to 4. Application of
diversity is recommended.
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9.2.2.4 Mechanical fault exclusions for Type 3 and Type 4 interlocking devices without guard locking

For Type 3 and Type 4 interlocking devices, fault exclusion for their mechanical parts is only applicable for
the fastening of the position switches and the actuators. The fastening shall be in accordance with 6.2 and
6.3 and with the manufacturer's specification.

NOTE At certain mounting positions of the actuator, the failure of the fastening can lead to the immediate
actuation of the interlocking device.

9.2.2.5 Mechanical fault exclusions for guard locking

It shall be ensured that the specified locking force, F;y, (see 6.6.2) of the guard-locking device is sufficient
to withstand static forces on the locking element (bolt) and that shearing forces on the locking element by
bouncing df the movable guard are prevented.

NOTE 1 means to mitigate such effects due to bouncing is a locking element that does not mowve.into the engaged
position before the movable guard is closed and stationary, e.g. by time delay between closing the door angl switching-
off the voltage to the locking solenoid.

For guard Jocking, the following faults of their mechanical parts can be excluded.

Damage (hreaking) and wearing of the actuator and the locking element (bolt) due to misal
excessive forces, only if additional mechanical alignment elements prevent that forces exerte
elements dxceed the limits of misalignement specified by the manufacturer. The additional 1
alignment |elements shall be designed and constructed as to be effective when subjected to a

to two ti
intended li

NOTE 2 |
withstand t|

Alternativg

Breakage
activated.

means are
least with 1

NOTE3 1
SRP/CS unt
detected.

9.2.2.6 K

In ISO 138
SRP/CS in
channel h3
channel ar

es the force limits for the guard-locking mechanism specified by the manufacturer
etime (mission time) of the guard-locking device.

tended lifetime means influence from, e.g. environniént, aging, but not a specific number
he load.

ly, this mechanical fault exclusion is not required if the following is achieved:

f locking means shall be detected at the’next opening of the guard when the locking
[his shall lead to an immediate stopscommand and the restart is not possible until

he requirements of PL c or SIL-1.

'he proper resetting of the fault can be achieved by disabling the reset of the interlocking fuy
| a proper signal sequence)from the guard and the locking element monitoring according

ault exclusions for Type 5 interlocking devices

49-1, the concept of redundancy is used, particularly in electrical/electronic systemn

s failed.and initiated the control system to bring the machine to a stop. This desig
Chitecture is used in category 3 and 4 systems.

gnment or
d on these
mechanical
load equal
during the

of cycles to

function is
the locking

restored. The subsystem detecting the breaking of the locking means shall be in copformity at

ction in the
[0 6.6.3.2 is

s whereby

two chdnnels are monitored by the control system. Monitoring is used to determine when a

nated dual

In Type 5

nterlocking devices, a single channel architecture 1n accordance with ISO 15649-1

s typically

used for the mechanical parts, and the detection of their faults by the control system is not always possible.
All possible faults shall be evaluated and any dangerous failure modes shall either be eliminated or proven
to be technically improbable (highly unlikely). This can be achieved by over-dimensioning of critical parts.
Over-dimensioning shall be validated (e.g. by calculation or by proof testing).

Parts designed with intentionally weak points may be used to create safe failures in order that other critical
parts are not exposed to high loading and, therefore, cannot fail dangerously, e.g. a key designed to break at
a low force (safe failure) prevents damage to the lock if an attempt is made to force the key to override the
locking mechanism.
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For Type 5 interlocking devices, systems according to category 3 and 4 of ISO 13849-1 or HFT1 according to
[EC 62061 shall be achieved by one of the following:

a) byimp

lementing two interlocking devices;

b) by single channel interlocking devices providing they achieve the relevant category behaviour. Non-
mechanical aspects of trapped key interlocking system shall be in accordance with the category
requirements as specified in ISO 13849-1:2023;

NOTE 1

of the c

NOTE 2

ategory.

The behaviour of a category does not necessarily include the designated architecture, but the definition

Where all dangerous faults are proven to be technically improbable, detection is not applicable.

NOTE 3
in the

by sin
dangel
as follg

If all s
assum
the sa
Non-m)|
requir

For systematic failures, ISO 13849-1:2023, Annex G, is applicable and requirements to avoid

failures rel

In addition]
presumpti
springs) ca

a safet]

a safet
quality

measupres.

In orderto
of faults dd
faults is su

NOTE4 1]
and, therefd

In cases w

Where faults are proven to be technically improbable, “continued performance of the safi
resence of a single fault” is assumed.

ous failure modes are either eliminated or proven to be technically improbable (high
ws:

ingle faults that cause a loss of the safety function are excluded, category 3 behavig
fety function, a maximum performance level (PL) = d may beiassumed for the ent

echanical aspects of trapped key interlocking system shalllbe in accordance with th
bments as specified in [SO 13849-1:2023.

ating to key coding (see K.1.1.2 and 8.4.3) shall be followed.

to the permissible fault exclusions according to ISO 13849-2:2012, Annexes A, B, C
bn of breakage and deformation faults forsafety relevant mechanical components
n be excluded if:

y factor of 4 compared to the expected forces is verified by calculation or suitable test

r of safety-relevant mechanical components is verified by means of continuous quality

nchieve performance level e (PL e), category 4 behaviouris required. In particular, an ac
es not lead to the loss/of the safety function and the consideration of a fault combina
fficient (unless three or more faults are reasonably foreseeable).

re, prevents\access to a hazardous zone or the restart of a machine.

here a.single fault cannot be excluded, which in itself does not cause a failure to dangg

for no fail

bty function

ble channel interlocking devices providing that all possible faults are evaluyatéd and that any

y unlikely)

ur may be

ed and a DC is not necessary. Because there is no occurrence of faults that can lead to loss of

re system.
e category

systematic

and D, the
(except for

ng; or

y factor of 2 compared to the expected forces is verified by calculation or suitable testing and if the

assurance

fumulation
tion of two

'ypically, thisds-achieved by ensuring that, if a fault occurs, the device or the system is renderedl inoperable

r, the tests
d removed

e to danger shall be continued with the fault applied first and all other faults added ar

in turn. Tegtsshall be carried out for all non-excluded single faults. Testing for the accumulati¢n of faults

may be limited to two faults in combination, when:

the fault rates are low;

— the faults in combination are independent of each other;

— thelos

9.2.3

s of the safety function occurs only when the faults appear in a certain order.

mechanical action of the position switches of Type 1 interlocking devices

Examples for measures to prevent common cause failures through direct and non-direct

The use of direct and non-direct mechanical action of the position switches of Type 1 interlocking devices is

commonly

used to prevent CCFs.
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Figure 12 shows the combination of direct and non-direct mechanical action of the position switches of Type

1 interlock

ing devices.

13

©
fl

1b

©

D,

Key
1 guardl a2 (losed.
D,  positjon switch (NC) b Not closed.
D, position switch (NO) ¢ Directimechanical action.

d  Non-direct mechanical action.
ﬂ switdh actuated
@ diredt opening action

Figure 1]

Typical cay
a)
b) misali
9

In case of
switches W

excess

jammi

P — Avoiding common cause failure (CCF) of two mechanically actuated position
by using associated-direct and non-direct mechanical action

ses for failure Type 1 interlocking devices are:

jve wear of the actliating system (e.g. plunger or roller) or of the actuator attached to t

bnment between/actuator and position switch;

hg of theactuating system (plunger) making actuation by the spring impossible.

@ failure of Dy or D,, breaking of the circuit is ensured by the other position switg
ith.direct mechanical action, as D, fail to danger in case a), but not in case c). It can fal

switches

he guard;

h. Position
| to danger

Aasxaicalion s nan Ut AL 3o

in case b)

Banding o+ 3 3 £ D ion-cuantclhac non—diract sl ot aal ool o
Ll_}bllullls UIl L1IC 111136111511111\,11L. T'UOSIUIVIT SVVILUIIU S VVILIT IIUVITTUIT C LU ITICCITIAIIItar daC tivll,

s D,, fail to

danger in case c), but not in case a). It can fail to danger in case b) depending on the misalignment.

If two position switches of Type 1 interlocking devices using associated direct and non-direct mechanical
action, are applied, diversity may be claimed for the quantification of common cause failure (CCF) according
to ISO 13849-1 for this subsystem.

NOTE

position switch.
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ergy source diversity

In order to minimize the probability of CCF, two independent interlocking devices, each of which interrupts
the supply from a different energy source, may be associated with a guard (see example given by Figure A.6).

EXAMPLE

A machine uses hydraulic components to apply the necessary forces to run the production process
while the machine control is electrically/electronically driven. The opening of an interlocked movable guard initiates
two independent position switches. The first position switch directly operates a hydraulic valve which interrupts the
hydraulic pressure. The second position switch interrupts the control voltage which operates another valve. Either
valve causes the hazardous motion to cease. Due to different technologies applied, there is no CCF possible that would
cause both position switches to fail dangerously.

9.3 Release of guard-locking device

For the relq

device

device

device

NOTE1l [

NOTE2 1
guard-locki

base of a guard-locking device, all of the following devices are part of the SRP/CS:

5 applied to detect the release conditions (e.g. speed or position monitoring, time, delay
5 applied to process the logic signals;

5 applied to unlock the guard.

or an explanation, see Figure F.2.

'he PL or SIL is dependent on the application-specific risk assessment. In most cases, the PL
hg function is lower than the PL or SIL of the interlocking furiction. The probability of the

of the guard-locking function at the same time as the access of a person{usually is very low. For the gu

function, ey
Annex A), IS
relevant for

If elapsed

safe condit
guard lock
part of the

9.4 Seri

When inte
can be mag
device to t}

It is forese
interlockin
considered

For a serie

en in case PL e fault exclusions for the mechanical parts-ate possible (see 9.2.2 and ISO 13
position switches.

fime between detection of an unintended unlocking of the guard-locking device and
ion of the machine can result in a hazardous-situation and risk reduction by a safety f
ing is necessary, then all devices providing the unlocking and locking signal shall be
SRP/CS.

ps connection of electro-mechanical interlocking devices

locking devices with redundant contacts are connected in series, the detection of a

he safety-related control system.

pable that one ofthie guards whose interlocking devices are connected in series with

9.5 Elec

4

g

r SIL of the
malfunction
ard-locking
849-2:2012,

0 13849-2:2012, Table D.8, does not apply to the guard-locking elements (e.g. locking bolt), sifce it is only

reaching a
lnction for
considered

single fault

ked by the actuation of any'interlocking device connected in series with the defective interlocking

a defective
he shall be

9.5.1 Ge

Electrical i

g device is actuated. In that case, the fault is masked and the effect on the DC val
in accordance with Annex |.

5 conneetion, the maximum DC (see ISO 13849-1 or IEC 62061) shall be considered.
trical and environmental conditions

neral

nterlocking devices shall be in accordance with [EC 60204-1:2016+AMD1:2021.

When the devices are foreseen to be used outside the environmental limits stated in IEC 60204-1:2016+AMD1:
2021, the interlocking devices shall be selected such that they meet the foreseeable environmental
conditions.
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9.5.2 Performance considerations

Power interlocking devices to isolate electric power shall have suitable current breaking capacity, taking
into account all foreseeable situations (e.g. overload).

9.5.3

Immunity from disturbance

Proximity switches and magnetic switches shall be selected and used so that foreseeable external electrical,
magnetic or electromagnetic fields do not impair their function.

9.5.4 Electrical operating conditions

When elec

e taken to

prevent ma

9.5.5 Cl¢

Clearances
in accordal

10 Infor

10.1 Gen
An interlod

a) manuf]

b) designed and manufactured by the machine manufacturer using available separate compone

Therefore,
machine oy

10.2 Info

10.2.1 M4

The marki
restriction|
the instrud

Furthermo
shall be m4

The marki

tronic components are used in inrprlnrking devices necessary precautions shall
Ifunction caused by, e.g. voltage fluctuations, transient overvoltage.

tarances and creepage distances

and creepage distances between adjacent electrical components of interlocking devig
1ce with [EC 60947-1:2020, 8.1.4.

mation for use

eral
king device can be:

bctured and placed on the market as a complete device or system ready for use; or

there are different requirements for thesinformation for use that apply to the manufact
the manufacturer of interlocking devices.

rmation for use given by thesmanufacturer of interlocking devices

rking

s, the full address\of'the manufacturer and the designation of the device type shall b
tion for use and\the device shall be clearly marked with the manufacturers name or lo

rked acopdingly.

hg forflocking monitoring in accordance with 6.6.1, 6.6.3.2 and 6.6.4.2 shall be with

es shall be

nts.

urer of the

hg shall be in accordance with 1ISO 12100:2010, 6.4. Where this is not practicable dye to space

e stated in
potype.

re, interlocking devices designed and constructed for use in a potentially explosive atmosphere

the symbol

according

o-Figure 13.

1y

Figure 13 — Symbol for locking monitoring of locking elements

The marking shall be sufficient to identify the document containing the information for use according to
10.2.2 or 10.3, as appropriate.

NOTE

The aim of the marking is to identify the manufacturer and to show the intended functionality of the

component (e.g. type or symbol for direct opening action), see IEC 60947-5-1:2016+COR1:2016, K 2.2, and for the

explanation

of the symbols, see Figure 13.

© IS0 2024 - All rights reserved
39


https://standardsiso.com/api/?name=34a1e6e59331b6be1a88304bd1f9aa99

ISO 14119:2024(en)

10.2.2 Instructions

The manufacturer of the interlocking device shall indicate the following in the instructions:

a)

b)

9
d)

e)

f)
g)

h)

k)

and, wherq relevant:

9

the business name and full address of the manufacturer and, where applicable, the authorized
representative;

designation of the interlocking device;
designation of series or type;
a general description of the interlocking device;

the drawings, diagrams, descriptions and explanations necessary for the use, maintenance and repair of
the interlocking device and for checking its correct functioning;

a description of the intended use of the interlocking device;

assembly, installation and connection instructions, including drawings, diagrams~and th¢ means of
attachment of the interlocking device;

instrugtions for putting into service and use of the interlocking device and(ifinecessary, instructions for
the training of operators;

description of adjustment and maintenance operations that should be carried out by the uger and the
preverjtive maintenance measures that should be observed;

instrugtions designed to enable adjustment and maintenance to be carried out safely, in¢luding the
protecftive measures that should be taken during these opetations;

any dafta necessary for the manufacturer of the machine to determine PL or SIL for the intended safety
function(s);

warni]:gs relating to reasonably foreseeablecmisuse;

warning that the device itself does not-contain reset facilities for emergency and auxiliaryf release of
guard Jocking and that additional mieasures are required to achieve it (see 6.9.2 and 6.9.3);

specified locking force, F;, acCording to L.1;
range pf actuation movement;
specifications of the spare parts to be used, when these affect the health and safety of operatfors;

the mgximum impact energy withstand value in Annex [, if the device can be used as a mechgnical stop;
the mgximum-peak current and voltage of the output system of the position switch;

information that it should not be possible to reach the manual actuator of the escape release friom outside
the safeguarded space or that additional measures should be taken to reduce the risk of improper
activation;

where interlocking systems rely on actuators, advice shall be given in the instruction handbook
concerning risks associated with the availability of spare actuators and that any spare actuators should
be securely controlled. This also includes reset keys for emergency and escape release;

the level of coding (low, medium, high) for coded interlocking devices (Type 2, Type 4 or Type 5);
all fault exclusions shall be listed (see 9.2);

warning if a locking force monitoring function is not provided by the electromagnetic guard-locking
device itself.
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In addition, the following shall be provided for Type 5 devices:
x) the information for use shall contain information to prevent unintentional duplication of key codes;

Use of a register, database or other means of recording key codes is highly recommended. The register
or database can be controlled by the trapped key manufacturer, the machine builder or the user. Where
the manufacturer or machine builder controls the register, special care is important when selling
through third parties (such as distributors) to ensure the final location of the lock and key is known. A
key coding register per location and organization is recommended.

y) the information for use shall give advice that special consideration shall be given to the application
of trapped key systems to mobile machinery and secondhand equipment to prevent unintended key
duplication.

NOTE This can be achieved by checking the new codes against the key code register and adding|them to the
registe

)

10.3 Information for use given by the manufacturer of the machine

The manufacturer of the machine shall include the relevant information of 10.2.2 regarding the interlocking
devices. Far trapped key interlocking systems, information for use of the machine shall include the key
transfer plan. When spare keys or master keys are provided, information for'management and yse shall be
provided in the operating manual.
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Annex A
(informative)

Type 1 interlocking device — Examples

A.1 Rotary cam

T

One single|Type 1 interlocking device, with position switch actuated in direct mechanical actiof, monitors
the positioph of the movable guard (see 6.4 and Figure A.1).

a) Movable guard closed b) Movable guard not closed
Key
1  movable guard 3 position switch
2 actuatdr (cam) a  Opening direction.

|
=]

igure A.1 — Type 1 interlocking device with rotary cam actuated position switcl

A.1.2 Typical characteristics
— Direct mechanical action of the actuator (rotary cam) (2) on the actuation system of the position switch (3);
— possibility for direct opening action of the NC contact of the position switch due to direct mechanical action;

— impossible to defeat by manually operating the actuation system without removing rotary cam or
position switch.

Fails to danger in case of:
— failure of the mechanical link between guard and position switch (wear or breaking of the actuator);

— misalignment between the position switch and the rotary cam.
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A.1.3 Remarks

As the absence of the movable guard is not detected, it is essential that the guard cannot be dismantled
without tools (see also 6.2 and 6.3).

NOTE

For assessment of faults and fault exclusion, see 9.2.

A.2 Linear cam

A.2.1 Description

One single Type 1 interlocking device, with position switch actuated in direct mechanical action, monitors

the positiofrof the movabie guard (See 6.4 and Figure A.2).
—17 — 2 — — —>=23 =7
? ] | ? ]
L/ 7 VI —
[ 3 [ 3
1 2 1 2
a) Movable guard closed b) Movable guard not closed
Key
1  movable guard 3  position switch
2 actuatdr (cam) a2 Openingdirection.

A22 Ty

Direct

possib
action

impos
positid

Fails to dapger in case of:

failure

misali

A.2.3 Re

Figure A.2 — Type 1 interlocking device withlinear cam actuated position switch

pical characteristics
mechanical action of the actuator (limear cam) (2) on the actuation system of the position|

lity for direct opening action of the NC contact of the position switch due to direct }
(see 3.7);

bible to defeat by manually operating the actuation system without removing ling
n switch.

of the mechatiical link between guard and position switch (wear or breaking of the ac

bnment between the position switch and the linear cam.

marks

switch (3);

mechanical

ar cam or

tuator);

As the absence of either the movable guard or actuator, or both, is not detected, it is essential that either the
guard or actuator, or both, cannot be dismantled without tools (see also 6.2 and 6.3).

NOTE For fault exclusion, see 9.2.2.
A.3 Hinge
A.3.1 Description

One position switch is mounted into a hinge (see Figure A.3).
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®

a) Movable guard closed b) Movable guard not closed

Key

1  movab
2 hinged
A3.2 Ty
— Direct
— impos!
— works
— adjust
— onlyu
A.3.3 Re
As the abs

position sy

A.4 Pne

A4.1 Ex

Examples

e guard 3 fixed part of guard

interlocking device

Figure A.3 — Hinged interlocking device

pical characteristics
mechanical action of built-in position switch;
ible to defeat without dismounting;

as hinge for a movable part of a guard;

bable for hinged movable guards.

marks

bnce of the movable guard is notdetected it is essential that the movable guard and
yitch cannot be dismountedwwithout tools.

umatic/hydraulicinterlocking devices
hmples
f pneumatie/hydraulic interlocking devices are shown in Figures A.4 to A.6.

ment of switching point has to be accurate and therefore can be unsuitable for wide movalple guards;

the hinged
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Sed.

e A.4 — Single valve (output system) with direct-mechanical action of single va

Sed.

movable guard

Figure A.5 — Two valves (output system)
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31 W] ©
— >.2
] |
1 a
Key
12 movable guard closed ¢ To machine actuators.
1P movable guard not closed
2 indepehdent interlocking device that acts on electrical

control circuit (with automatic monitoring)

3  indepe
circuit

hdent interlocking device that acts on hydraulic
[power interlocking, see 9.5.2) when direct

interrujption of power circuit possible

Figure A.6 — Hybrid (electrical and hydrauilic) interlocking device

A.4.2 Remarks

A hybrid it
induce CCH

melting of
failure of t

terlocking device is particularly interesting in very severe environmental conditions which can
s (i.e. simultaneous failures having the same cause) of components with the same tech
the insulating layer of conductors:on a machine working under hot conditions, or sirhultaneous
vo proximity detectors under the“effect of electric or electromagnetic interference.

nology, e.g.
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Annex B
(informative)

Type 2 interlocking device — Examples

B.1 Tongue-actuated position switch

R

A single Typpe 2 interlocking device, with position switch actuated by direct mechanical action,m|
position of|the movable guard (see Figure B.1 and Figure B.2).

Key
1

B.1.

positioh switch 27) actuator (shaped tongue)

Figure B.1 — Position.switch with coded tongue actuator

2 Typical characteristics

Easy principle for integrated guard-locking devices;

especiplly suitable for use-d0nthe opening edge of a movable guard;

direct mechanical actiofwbetween guard, actuator and actuating system;

possibjlity for directopening action of the NC contact of the position switch due to direct mechar
dependling on:theé level of coding, additional measures against defeating can be required;

can be|damaged due to misalignment during the machine life cycle;

onitors the

ical action;

can be degraded by pollution;

impact from actuator can cause harm to persons.
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a) Movable guard closed b) Movable guard not closed

Key

1  interndl rotating cam position

2 tongue

inserted

3  switching element

B.1.3 Re

For measu

Figure B.2 — Working principle of the tongue-actuated position switch

marks

es to minimize defeating, see Clause 8.
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Annex C
(informative)

Type 3 interlocking device — Example

C.1 Proximity position switch

L R

A Type 3 |nterlocking device consisting of one or more non-mechanically actuated position|switch(es)
(inductive,| magnetic, capacitive, ultrasonic or optic proximity switch) actuated by an.uncoddd actuator
linked to almovable guard (see Figure C.1).

To fulfil requirements for safety integrity, two single position switches with moniterihg are requitred in most
cases, unless the single position switch is designed to meet the requirements agcording to IEC 60P47-5-3.

2 2

A A

W@H[ﬂg g% bzzz ()
TN @i O

L |

g
i

=z

U

1,3
5 6 5 6
L2222 b b
a) Movable guard closed b) Movable guard not closed

Key

1  movable guard 4  proximity switch

2 interlogking device 5 actuating system

3 actuatdr 6 output system

Figure (.1 — Type 3 interlocking device with proximity switch actuated by an uncoded 3ctuator

C.1.2 Typieal characteristics

— No moving parts;

— high resistance to dust, liquids;

— easily kept clean;

— due to the lack of coding, additional measures against defeating are required;

— limited application possibilities.
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C.1.3 Remarks

For measures to minimize defeating, see Clause 8.
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Annex D
(informative)

Type 4 interlocking devices — Examples

D.1 Coded magnetic operated interlocking device

B R

A Type 4 ipterlocking device with a position switch actuated by coded magnetic actuatorcassog¢iated with
the movable guard opens its contacts when the guard is not closed (see Figure D.1).

(((

“alET
N

W,

7
7.

a) Movable guard closed b) Movable guard not closed
Key
1  opening direction 3 coded magnet actuator
2 Type 4|interlocking device 4  movable guard

Figurie D.1 —Example of Type 4 interlocking device with position switch actuated by ¢oded
magnetic actuator

D.1.2 Typical characteristics

— Compact, no external moving parts;
— high resistance to dust, liquids;

— easily kept clean;

— coded;

— tolerance to guard misalignment;

— sensitive to electromagnetic interference;
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— if reed contacts are used, they are susceptible to vibrations and shocks and transient electrical effects

(e.g. current spikes);

— medium- or high-level coding not available.

D.1.3 Remarks

For measures to minimize defeating, see Clause 8.

If reed contacts are used, defeating can be possible by using a simple strong magnet which is a readily

available object.

D.2 CodedRFiD-operatedinterlocking-deviee
D.2.1 Description

A Type 4 infterlocking device with a position switch actuated by coded RFID tag actuator associat
movable gliard opens its contacts when the guard is not closed (see Figure D.2).

3
N T
2 1 A
Key
1  opening direction 3 coded RFID tag actuator
2 Type 4[position switch 4  movable guard

Figure D.2 — Example of Type 4 interlocking device with position switch actuated by code
actuator

bd with the

1 RFID tag

D.2.2 Typical characteristics

— Compact, no external moving parts;

— high resistance to dust, liquids;

— easily kept clean;

— medium- and high-level coding possible;
— tolerance to guard misalignment;

— possible sensitivity to electromagnetic interference.
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D.2.3 Remarks

For measures to minimize defeating, see Clause 8.
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Annex E
(informative)

Example of guard-locking devices

E.1 Example of interlocking device with separate detection of guard position and

position of the locking elements

E.1.1 Description

Figure E.1 shows a Type 2 interlocking device with integrated guard locking and guard:locking rmonitoring.

The actuatpr is shown in the closed position of the movable guard which is linked to the.aetuator.

The guard-

locking solenoid is in the locking position held by the spring. If the solenoid is powered, the pluphger of the
solenoid is|moved to the right, thus compressing the spring. The guard-locking monitoring contadt is opened
via the lever linked to the solenoid plunger. Now the interlocking plunger can'be moved downwjards by an

opening mpvement of the guard and the attached actuator. In the un-closed\position of the guar

1, the wide

part of thg interlocking plunger prevents the locking mechanism from moving into the locking position
(preventiop of inadvertent locking). By linking the interlocking plungér to a contact, both interlpcking and

guard-lockiing position can be monitored within one device.

14
1 T 2 L 7
/
L& [
f_ BNG // P )
) PYREN ./
3\\ llll_ ---------- |
\‘
N =

. »
(] o o o
=) En
5 6
Key
1  actuator 5 interlocking monitoring contact
2 actuating head 6  guard-locking monitoring contact
3 interlocking plunger 7  housing
4  guard-locking solenoid

Figure E.1 — Interlocking device with spring applied/power released guard-locking device
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E.1.2 Typical characteristic

Separate indication of the movable guard status is provided.

E.2 Interlocking function ensured by detecting separately guard position and

position

E.2.1 De

of the guard-locking device

scription

In Figure E.2, C; detects the position of the movable guard and C, detects the position of the locking device.

Key
Gy
Ca

detect
detect

NOTE
Figy

E22 Ty

Indication

a

Closed.
Not closed,

5 the position of the movable guard

5 position of locking device b

;1 and C, can be detectors of any technological type (see 5.1).

re E.2 — Separate detection of positions of movable guard and guard-locking de|

pical characteristics

of the movable guard status is proyvided by comparing the seperate status indicat

vice

ons of the

movable giiard and the locked position. Thfough the use of a plausibility check, the mechanical fafilure of the

locking fur
E.3 Inte
position
E.3.1 De
By detectir

of the mov
to good dg

Figure E.3].

ction can be detected.

rlocking function ensured by detecting lock position only by detectin
of the locking device

scription

1 the position of the locking device, the single detector (C) can also be used to monitor t
hble guard, provided that the closed position of the guard is rigorously and reliably dg
sign 'and construction of the guard-locking-device-contact and movable guard ass

g the

he position
tected due
embly (see
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position of locking device a2 C(Closed.
b Notclosed

NOTE

"y

E3.2 Ty

No separat

E.4 Inte

E.4.1 De

The guard
action, see
function in|
10 min del

can be a detector of any technological type (see 5.1).

igure E.3 — Combined detection of positions of movable guard and locking devid

pical characteristic

e indication of the movable guard status is provided.

rlocking device with electromagnetic guard-locking device

scription

locking of the closed movable guard is done electromagnetically (electromagnetic [
Figure E.4). The interlocking function is provided by detection of the guard position. ]
cludes monitoring of the electromagnetic force. Forced opening results in a reaction fu
hy until a reset is possible (see 6.6.4.3).

rinciple of
'he locking
nction, e.g.
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3 - N
L
2
1
5
Key
1  coded gctuator 4 _\non-contact actuated position switch
2 magnetic keeper plate 50 movable guard

3  guard-locking electromagnet

Figure E.4 — Interlocking device with electromagnetic guard-locking device

E.4.2 Typical characteristics

— Easy tp clean due to sealing;

— high re¢sistance againstdusts and fluids;

— decredsing of lockityg-force possible by environmental influence;
— compact, no moving parts;

— unlocKing‘in‘case of power failure, depending on the design;

— very h gh locking torce not available.

E.5 Interlocking device with guard locking, with manually operated delay device

E.5.1 Description

The threaded pin is turned by hand (unconditional unlocking, according to Figure 4, see Figure E.5). The
time elapsing between the switch opening and guard release is determined so that it is longer than the time
taken to stop the hazardous functions.

When not closed, the movable guard prevents the pin from being screwed in again, thus closing the switch
contacts.
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it i

\\

Key
1 movab
2 positio

Figul

E.5.2 Ty
— Reliab
— canbe
E.5.3 Re

Only apprd

e guard a2 (Closed.
h switch b Not closed.

e E.5 — Interlocking device with guard-locking, with manually operated delay device

pical characteristics

lity through simplicity;

unlocked quickly with additional means, e.g. by power'driven screw drivers.
marks

priate for applications with low-frequency\operations.
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Annex F
(informative)

Application examples of interlocking devices used within a safety

F.1 Gen

function

eral

The descrilptions in this annex are limited to the appropriate categories according to ISO~13

regard to t
performan

Annex F prj

Key

1 n

B1 p

@
Figure H

heir behaviour in case of fault occurrence (architecture). To achieve the requiréd saf
ce, additional requirements (e.g. DC) need to be considered.
ovides different examples. Not every example is applicable in each situation.
1 +
L
B1
______ =
© g
a1
2 |
o] "
3 —~
bt closed 2 closed
bsition switch monitorihg guard position Q1 contactor

rect opening action

.1 —Rosition monitoring of movable guards for the prevention of hazardous mo

B49-1 with
ety related

vements

F.2 Example 1 — Category 1

F.2.1 Safety function

Safety-related stopping function, initiated by a protective device: opening of the movable guard initiates the
safety function STO - safe torque off according to IEC 61800-5-2 or stop category 0 according to IEC 60204-1.

F2.2 Functional description

— Opening of the movable guard is detected by a position switch B1 with direct opening action. B1 de-
energizes a contactor Q1 which stops the hazardous movement (see Figure F.1).
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the components.

F2.3 De

To achieve

Protec

basic sp

Positid
regard
action

Contad
ISO 13

No measures for fault detection are implemented.

Removal of the protective device is not detected.

sign features

category 1 the following shall be fulfilled:

tive circuits (e.g. contact protection) are implemented. The de-energization principle

y U 1 U U U U dl UCTU d C U VY UV |

n switch B1 has direct opening action in accordance with ISO 13849-2:2012, Table
ed as a well-tried component. The break contact interrupts the circuit with .direct 1
'when the movable guard is not closed.

349-2:2012, Table D.3 are observed.

eleme

The ac

NOTE 4
in section 8

F3 Exaj

F.3.1 Sa

No unl

generg

prever

F3.2 Fu

Access
the mg
can bg
The ur
stands

The m|
eleme:ch of the position switch B1 are protected against displacement. Only mechanical parts

vable guard has a stable arrangement for actuation of the pgsition switch B1. Th¢
ts) having sufficient rigidity are employed.
tuating stroke for the position switch is in conformitywith the manufacturer's specifi
\ detailed description including the estimation of the prebability of dangerous failure per houy
2.5 of Reference [11].
mple 2 — Category 3
fety functions
ocking of the movable guard as long as the drive motor speed is greater than zero;
ting of a stop command when the movable guard is unlocked or not closed;

tion of unexpected startup while the movable guard is unlocked or not closed.

hctional description

to the hazardous movement is prevented by a movable guard which is closed and lo
tor is peWered or coasting to a standstill (see Figure F.2). The movable guard is un

locking solenoid can only be energized when the motor is at a standstill. This is achig
tillmonitor K4.

The safety function can be lost at the occurrence of single faults and is dependent upon the reliability of

Basic and well-tried safety principles are implemented and the requirements of category B are met.
isusedasa
cinle.

D.2, and is
mechanical

tor Q1 is a well-tried component provided that the additional conditiens in accordlance with

b actuating
(no spring

cation.

is available

cked while
locked and

opened>when the locking element (bolt) is withdrawn by energizing the unlockinig solenoid.

ved by the
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Q2 a3 as ?
@3/ Q5

M
3 —~
mopable guard not closed S1 stop
mopable guard closed S2 start
notch for inserting the bolt S3 lock
locking element (bolt) S4 unloek
bolf in engaged position K1 monitoring logic unit
bolt in released position Q2 contactor
gudrd-locking device Q3 contactor
unlpcking solenoid K4  safety standstill monitor
mojable guard Q5  contactor
actpated position, door closed F1 spring
direct opening action B1 position switch monitoring locking elem¢nt

B2 position switch monitoring guard positig

=

Figure F.2 — Guard<locking device with safety relay and standstill monitor — Categqry 3

Starting the motor’by pressing the start button S2 is only possible when the movable guard is|closed (B2
is clos¢d) and.loeked (B1 is closed); Q2, Q3 and Q5 are de-energized, so the feedback loop of K|1 is closed.
When B2 is mementarily closed, Q2 and Q3 are energized and remain latched. Power supply t¢ the motor

is turnled on.

By pressing the stop button S1, Q2 and Q3 are de-energized and the motor stops.

Opening of the movable guard during movement of the motor is prevented by a locking element (bolt).
Opening is only possible if the bolt is released. The following procedure is required to release the bolt:

push stop switch S1; Q2 and Q3 are de-energized and their contacts change state;
push unlock switch S4 to request unlocking (Q5 becomes energized and latched);
when the motor stops, the output of standstill monitor K4 closes;

the unlocking solenoid is energized, the locking element (bolt) moves to the unlocked position.
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The unlocking request is cancelled by pushing the lock switch S3; Q5 de-energizes.

When the movable guard is closed, the spring applied locking element (bolt) engages in the intended
notch. The movable guard becomes locked and B1 and B2 are closed.

The outputs of K1 open if one of the input circuits, B1 (monitoring locking element) or B2 (monitoring
guard) is open.

F.3.3 Design features

To achieve category 3 the following shall be fulfilled.

Basicand well-tried safety principles are observed and the requirements of category B are met. Protective
circui

L 4 4 4 b ay - 1 FRPIPA |
(E.5- LUILILAUL T PIULTCLIVIT ) AT HITPICHITIITCU.

Faults|in the wiring are considered (see ISO 13849-2:2012, Table D.4). Short circuits are.det¢cted and a
safe cqndition is initiated or the cables are routed so that fault exclusions are possible.

The caontactor relays Q2, Q3 and Q5 have mechanically linked contact elemerits ‘in accordlance with
IEC 60P47-5-1:2016+COR1:2016, Annex L.

To fulfil the single fault safety needed for a category 3 system, the position switch B2 is
positign switch (mechanically independent from actuation of B1).

a separate

The pagsition switch B1 has direct opening action in accordance with IEC 60947-5-1:2016 + COR1:2016,
Annex|K, therefore fault exclusion for non-opening due to welding.of the contact is permitted,

The gt
the lod

lard-locking device with the spring applied locking.élement (bolt), the unlocking sd
king element monitoring position switch B1 are contained in one single enclosure. Th

inserting the bolt is part of the movable guard.

The sp
The un

Fault ¢

pr
de

dy]
TH
m
bel

The us

ring of the guard-locking device is a well-tried spring according to ISO 13849-2:2012
locking solenoid does not energize without electrical input.

xclusion for "breakage of the locking.element (bolt)" due to:

pper selection of the devices ensuring that the specified locking force (F;y) of the gug
vice is sufficient to withstand the static force Fy;,x on the locking bolt;

namic forces on the locking’bolt due to rebound or bouncing of the movable guard are
e design of the contrel system ensures that the spring applied locking element (bol
ve into the locked¢osition, before the movable guard is closed and stationary, e.g. by
tween closing the-door and de-energising the solenoid (not shown in Figure F.2).

e of fault exclusion for breakage of the locking bolt does not necessarily limit the PL or

lenoid and
e notch for

Table A.3.

ird-locking

prevented.
t) does not
time delay

SIL for the

safety[function,

Due tq the design arrangement, the locking element (bolt) cannot reach the locked positipn (guard-
locking position) when the movable guard is not closed (prevention of inadvertent locking pdsition).

K1 is a monitoring logic unit that meets at least the requirements of category 3 in accordance with
ISO 13849-1. The input circuits are monitored for shorts to earth and supply voltage. The safe state is
initiated at detection of a fault. The safety relevant output can be activated only when the input circuits
and the feedback loop are closed. Errors such as contact welding of Q2, Q3 or Q5 are detected by the
feedback circuit of K1.

Standstill monitor K4 meets at least the requirements of category 3 in accordance with ISO 13849-1. It
monitors the input circuits for short circuits across contacts, open wires to the motor and short circuits
to the supply voltage. The safe state is initiated at detection of a fault.

Switches B1 and B2 are also tested by the process, because the safety relevant outputs of K1 are only
switched on again when B1 and B2 have been operated. This is done by opening and closing the guard.
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Example 3 — Category 4

F.4.1 Safety function

Safety-related stop function, initiated by a protective device: opening of the movable guard initiates the
safety function (STO, safe torque off, according to IEC 61800-5-2 or stop category 0 according to I[EC 60204-1).

F.4.2 Functional description

Key

B1
B2

Hazardous movement is safeguarded by a movable guard (see Figure F.3). Opening of the movable
guard is detected by two position switches B1/B2, using a NC/NO contact combination, and evaluated
by a monitoring logic unit K1. K1 de-energizes two contactors, Q1 and Q2, which stop the hazardous
moverment

L
R 8211
'/
L L
|
K1 i i |
| | Q1
| I
| \ Q2
! !
M
3 —
STE a1] a2
Q17 Q2
N 3
—l— & &
not closed S1 start (reset)
closed Q1 contactor
feedback circuit Q2 contactor
position, switch monitoring guard position K1 monitoring logic unit
position switch monitoring guard position
shown in actuated position @ direct opening action

Figure F.3 — Position monitoring of movable guards by means of a safety module

The position switches are monitored for plausibility in K1 for the purpose of fault detection. Faults in Q1
and Q2 are detected by external device monitoring by K1. A start command is successful only if the main
contacts at Q1 and Q2 had previously opened.
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— The safety function remains intact in the event of a component fault. Faults are detected during operation
or at actuation (opening and closing) of the movable guard resulting in de-energization of Q1 and Q2.
Energization of Q1 and Q2 is prevented until fault has been corrected.

F.4.3 Design features

To achieve category 4, the following shall be fulfilled.

— Basic and well-tried safety principles are observed and the requirements of category B are met.
— A sstable arrangement of the protective devices is assured for actuation of the position switches.

— Switch B1 is a position switch with direct opening action in accordance with IEC 60947-5-1:2016+COR1:
2016, AIITIITA I(.

— The supply conductors to position switches B1 and B2 are laid separately or with protection.
— The monitoring logic unit K1 satisfies all requirements for category 4.

— The ¢ontactors Q1 and Q2 possess mechanically linked contact ,elements acdording to
IEC 60P47-5-1:2016+COR1:2016, Annex L.

NOTE 1 ategory 4 is observed only if several mechanical position switches for different protective devices are not
connected ih a series arrangements (i.e. no cascading), since otherwise faults in the switches cannot be dgtected.

NOTE 2 A detailed description, including the estimation of the probability of dangerous failure per hourj is available
in 8.2.34 of Reference [11].
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Annex G
(informative)

Motivation to defeat interlocking devices (defeating of protective

devices)

Personnel often attempt to intervene whilst machinery remains operational in order to maintain production
and to prevent the compound effect of a particular problem.

The opera
potential h

This anney
annex are \
characteriy

The motiv{
hindering {
operator 1
which is nd

The follow
interlocki

13
shall be C(I)Lsidered. Each individual protective device is regarded separately, and for each reley

person fan
“What

Table G.1
the respec
additional

To follow t

for in these circumstances tends to concentrate on the immediate problem, rath
azards and consequences following the intervention.

is an example for automatic machine tools. When the principles and tables presen
1sed for other types of machines, it is recommended that Table G.1 is modified to suit {
tics of the machines and the production.

ition for defeating interlocking devices of guards comprises severalaspects, one of wl
he safeguards are when a certain machining task has to be performed. Another aspec
ight need to monitor closely and fine tune the machining ir order to avoid scrap of y
t possible when the protective device is operative

ing method supports the machine designer in identifying possible incentives for
devices. Use of this method requires that all intended’modes of operation and protect

iliar with operating the machine is asked the following question:
would be the benefits of defeating the protective device for work on the machine?”.

supports the execution of the procedure. The most common operator tasks are lig
tive benefits, when defeating the.jinferlocking devices. Table G.1 offers some basic ¢
entries can be supplemented, if necessary.

he procedure, these four steps\are performed.

des of operation provided with the machine shall be identified, e.g. mode 1 = auton

that mode and*Whether it is possible in that mode without defeating. One “No” in these tw

alnual.
All indjividual tasks applied on the machine should be collected in the table rows and marked

column for the'corresponding mode of operation.

xt two colhimns shall be marked with “Yes” or “No”, whether the intended task is per

ies aniunsafe machine. Improvement of the machine design is mandatory.

"

br than on

ted in this
he specific

hich is how
is that the
borkpieces,

defeating
ive devices
ant task, a

ted versus
ntries, but

atic, mode

“«_n
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e devices”

such as “Higher precision”. These should be checked and marked with “0” (none), “+” (minor) and “++”
(substantial). The entries “++” and “+” identify operating conditions where safeguards hinder the
working process. The designer should check whether improved practice-orientated safeguards are

a) All mo
2=m

b)
at the

c¢) The ne
identif

d) Severatfar
possible.

NOTE

Practice-oriented modes of operation are an important means of making defeating of the interlocking

device unnecessary or unattractive. Restricted operating conditions (e.g. reduced speed, hold to run control in
combination with an enabling device, restricted functionality) provide both reduced residual risk and a kind of
“switchback motivation” to automatic mode (lowest residual risk).

Table G.2 gives an example of applying Table G.1. As a result, from Table G.2 for this specific machine a setup
mode would overcome the problem of incentive for defeating in the line “Setup / adjustment conversion /
tooling”. This operating mode can also help for troubleshooting.
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Annex H
(informative)

Examples for maximum static action forces

The examples in Table H.1 can give orientation for the maximum static action forces.

The maximum static action forces depend on the grip a person has, e.g. a large handle that can be operated
with two hands most likely results in the maximum values given, while a small handle that can be operated
by one hand only, significantly reduces the static action forces.

Table H.1 shows examples for static forces [13]. For some applications, dynamic forces alsgyneed to be taken
into account.

© IS0 2024 - All rights reserved
69


https://standardsiso.com/api/?name=34a1e6e59331b6be1a88304bd1f9aa99

ISO 14119:2024(en)

Table H.1 — Examples for maximum static action forces

Direction of force Posture Forc? . Force
application value [N]
Horizontal pulling Sitting Single-handed 600
(dragging)
Vertical upward Standing, torso  |Bi-manual, hori- 1400
and legs bent, zontal grips
feet parallel
Vertical upward Standing, free Single-handed, 1200

horizontal grips

Horizontal, parallel to |Standing upright, |[Bismanual, vertical |1 100
body symmetry plane |feet parallel or in \grips

backward, step posture

Pull

Horizontal, parallel to |Stahding, feet Bi-manual, vertical |1 300
body symmetry plane | parallel, or in grips

forward, step posture

Push

Horizontal;normal to |Standing, torso |Shoulder pushing |1300

body syimmetry plane |bent sideward on metal plate on
body‘eff the side

Horizontal, normal to |Standing, feet Single-handed, 700
body symmetry plane |parallel vertical grip
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Annex I
(normative)

Test procedures

I.L1 Locking force test

I.1.1 Ge

The guard-

ara
TCTOr

locking device is fastened onto a base as intended by the manufacturer. The guard:lec

is then loagled up to the point of failure of the guard-locking function, by moving the locking ele
maximum pperating angle at a constant speed in the direction "open guard". During this loading, the
applied forfe, F, is measured during the course of deformation. The test shall be carried-out on five
new samplps. The lowest value of F within these measurements is the maximum lo¢king force Frpgq
I.1.2 Evaluation
1.1.2.1 General
Based on the maximum locking force, Frgg, measured during the test, taking into consideration
factor S, the maximum locking force Fy is ascertained using Fermula (1.1):
Frest
Fpy =4+—-
ZH S
where §=1,3.
1.1.2.2 Requirements on the test device

Traction sf

1.1.2.3
Sampling 1
Measurem

NOTE )

.2 Imp

eed: constant (10 + 0,25) mm/min.

Requirements on the force measurement device

ate: 210 Hz.
bnt accuracy of maximum force: +2,5 %.

or test details; see Reference [14].

actresistance test

king device
ment at its

maximum
unused as-

T

the safety

(L1)

[.2.1 General

The test is only required when interlocking devices or guard-locking devices are suitable for use as a

mechanica

1 stop according to manufacturer specifications.

1.2.2 Test procedure

The number of switching cycles that shall be tested is determined by manufacturer specifications.

If the switching cycle count specified by the manufacturer for use as a mechanical stop is identical with
the switching cycle count specified for the mechanical service life, then it is permissible to verify both
requirements with one combined test.
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I.2.3 Testrequirements

Testing shall be performed on complete devices in as-new condition with a mass and speed corresponding

to the maxi

mum impact energy specified by the manufacturer.

If the manufacturer specifies a maximum mass and maximum speed, then testing shall be performed using

these value

s. The test method is based on IEC 60947-5-1:2016+COR:2016, C.1.2 and C.1.3.

One switching cycle comprises the following steps:

a)

actuator approaches the device up to the stop;

b) actuator withdraws from the device.

The actuat
be carried

Following
able to wit

The guard

pr shall be approached at the maximum possible actuation angle for this purpose. Acty
out from the least favourable approach direction.

oading, proper functioning of the device shall be warranted and guard-locking’devic

hstand at least the locking force F,y, in the locked position, as specified by,the manufa

locking device shall be properly attached to a base. The guard-locking device is su

loaded by movement of the locking element actuator at the maximum actuating.angle at a consta

the directi
force, Frgg;

pn "open safeguard” until failure of the locking function. During\eading, the maxim
, is measured along the deformation pattern. This force shall be2Fy;.

ation shall

es shall be
cturer.

bsequently
nt speed in
m applied
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Annex ]
(normative)

Evaluation of fault masking in series connections of interlocking

J.1 Gen

devices with potential free contacts

eral

This anne
devices wi
the diagno

th potential free contacts are connected in series to a single monitoring logic ‘unit y

stics (see Figure |.1 to Figure ].7). It further provides a guide to estimate the-probabi

illustrates and explains principles of fault masking in applications where multiple i)Lterlocking
which does

ity of fault

rforms the
ht possible

masking and the maximum DC for the involved interlocking devices. This annex only covers interlocking
devices in which both channels are physical series connections.

This annex provides:

— guidar]ce for users for estimation of the maximum DC values and PL;

— design|guidance for SRP/CS.

NOTE1 Interlocking devices with integrated self-monitoring are noticovered by this annex.

NOTE 2  limitation is also given by the diagnostic means implemented in the monitoring logic unit.

NOTE 3  This annex is not restricted to mechanical actuated\position switches.

J.2 Fault masking

J.2.1 Principle

Where multiple interlocking devices afie connected to a single monitoring logic unit, which pe
diagnostics for the overall safety fanction, the possible masking of a fault and the subseque
accumulation of undetected faults jshall be considered. This consideration is required for interlocking

functions

NOTE 4

contacts, e.g.

for the over
of the safet
movable gu
of the regul
detected by

vith category 2, 3 or 4 according to ISO 13849-1 or HFT1 according to IEC 62061.

\ common approachyin the design of safety related circuits is to series connect devices with p
multiple interlocking devices connected to a single safety logic controller which performs the
all safety function. Although in such applications a single fault, in most cases, does not lead
y functiomand is detected, problems sometimes occur in practice. It is foreseeable that mo
hird willbe'open at the same time or in a sequence, e.g. due to subsequent fault-finding procedu
ar operation of the machine. Due to the serial connection of the contacts, faults in the wiring

As aresult,

the logic umt can be masked by the operatlon of one of the other (non faulty) 1r1 series-conned

tential free
diagnostics
| to the loss
re than one
re or as part
or contacts
ted devices.
1tly, this can

enable the accumulatlon of faults leadmg to an unsafe system Flgure ].7 to Figure ].9 show examples for fault masking
in situations with movable guards with series-connected interlocking devices.

The likelihood of specific faults and their possible effects depends on installation of the electrical equipment
and the way the interlocking devices are cabled. The following cabling structures are considered in this annex:

— star cabling, where every interlocking device is wired with a single cable to the electric cabinet or

enclos

ure of the monitoring logic unit. Figure ]J.1 shows a star cabling.

— branch or trunk cabling, where a single cable from the electric cabinet or enclosure of the monitoring
logic unit, is wired to the first interlocking device and from this interlocking device to the next, and so on,
until the last interlocking devices and the resulting signals are wired the same way back to the electric

cabine

t or enclosure. Figure ].2 shows a branch (trunk) cabling.
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— loop cabling, where a single cable from the electric cabinet or enclosure of the monitoring logic unit, is
wired to the first interlocking device and from this interlocking device to the next, and so on, until the
last interlocking device while the signals return to the electric cabinet or enclosure in a separate cable.

Figure ].3 shows a loop cabling.

Fault exclusions for cables are possible for cables permanently connected (fixed) and protected against
external damage, e.g. by cable ducting, armoring, or within an electrical enclosure according to IEC 60204-1
(see ISO 13849-2:2012, Annex D, Table D.4). This annex considers such fault exclusions.

In addition, the way in which different contacts of a single interlocking device are applied to the interlocking
circuit for a single guard interlocking, also affects the likelihood of specific faults and their possible effects.
The following arrangements are considered in this annex:

-
|
|
|
|
|
L

Key
A1, A2, A3

B1.1,B1.2, H
B2.2,B3.1, H

C
D

examples of redundant arrangements;

ces in the

Figures ]J.1 to

hrrangement where two different contacts of a single interlocking device in the féedunda

movable guands

2.1,
3.2

interlocking devices with potential free contacts

electrical cabinet or enclosure
monitoring logic unit

ht channels

|

|
|
|
C |
|
|
|

|

interlocking circuit are applied for a single guard interlocking. Figures ].4.t0-].6 show gxamples of
hrrangements.
B1.2 B2.2 B3.2 52 I_
AT i:gﬁ_g_ A2 el A3 ot At g1 22|
-f -of e ﬂ—F
L |
— L | . o822 22|
1 22
N N . I w | mee :
T T | =
| 2 22 |
A 831 2|
| | _
D C |
________________________________________ _

Figure J.1 — Redundant arrangement with star cabling
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B2.1

Key
A1, A2, A3

B1.1,B1.2,
B2.1,B2.2,
B3.1,B3.2

movable guards

monitoring logic unit

B2t
A2 | g

electrical cabinet or enclosure

B2.1

interlocking devices with potential free contacts

Figure ]J.2 — Redundant arrangement with branch (trunk) cabling

B2.2

‘ DBH —%
z1i
|

Key
A1, A2, A3

B1.1,B1.2,
B2.1,B2.2,
B3.1,B3.2

movable guards

interlocking devices with potential free contacts

electrical cabinet or enclosure

monitoring logic unit

Figure J.3 — Redundant arrangement with loop cabling
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B3

|
L.

Key

A1, A2, A3
B1, B2, B3
C

D

u

—

|
L

‘ A2 ‘ A | a1 | |
| |
2
S N — N — T 5" o
| 1 T o .
o rLl_lv‘—I _/ . :
| ] 4 | ‘
| A3 4 .
i
D C
movable guards
interlocking devices with potential free contacts
electrical cabinet or enclosure
monitoring logic unit
Figure J.4 — Single arrangement'with star cabling
B1 B2 B3
Ir Ir Ir i
j [Azj [mj [mj HEE
| |
m= |
| - H C .
e L
7 | |
4 *!i y ’ B3 | |
I1]1 | a3 | |
0 L I__J
________________________________________ ]

Key

A1, A2, A3
B1, B2, B3
C

D

movable guards

interlocking devices with potential free contacts

electrical cabinet or enclosure

monitoring logic unit

Figure ]J.5 — Single arrangement with branch (trunk) cabling
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B1 Y
-5 B1 -5 B2 -5 B3 __E_—/—;
A1 A2 A3 I |
22
~ ~ |
] ] B2 |
" T T T T T T T T T A2 22 |
! T | B3|, |
| | | e
| D C i A3 :
T e | b
Key
A1,A2,A3 | movable guards
B1,B2,B3 | interlocking devices with potential free contacts
C electrical cabinet or enclosure
D monitoring logic unit

Fault deted
the signal
techniques

— signal

redundant signals which have the same supply.voltage;

— signal

redundlant signals in which one channelhas the ground polarity;

q

4

NOTE 1

— signal

redundlant dynamic signals

NOTEZ2 1

Fault mask

J.2.2 Dil

Direct faul

Figure ]J.6 — Single arrangement with leop cabling

tion does not only depend on the way the interlocking devices are cabled but also
evaluation is performed by the single monitoring logic unit. The following signal
shall be considered:

evaluation of redundant channels with samépolarity, where the monitoring logic uni
evaluation of redundant channels withrinverse polarity, where the monitoring logic uni

ee IEC 60204-1:2016, 9.4.3.1, miethod a).

evaluation of redundantchannels with dynamic signals, where the monitoring logic unj

ynamic signals can b€ generated with, e.g. test pulses, frequency modulation.

ing can resulffrom direct fault masking or unintended reset of a fault.

rect fanltmasking

[ masking is caused by opening and closing a faulty interlocking guard while another

interlocki

bn the way
evaluation

[t evaluates

t evaluates

t evaluates

non-faulty

o oflard is aopen (see Fioure I.7)
OO I Ay -J
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Key
A1, A2, A3

B1.1,B1.2,
B2.1,B2.2,
B3.1,B3.2

D
F1,F2

2.3 Un

After a fau
another m
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3822
| A2 :'32.2 1 A2 -IB21-I
[a][ o\ B2 '

] ——————-IBB.Z | ——————-Iaa.z
A3 i»$33.1 A3 i»%ism

_D;——————im.z _3——————«i31.2 | l
/
A1 B11 A1 B11 A1 P B1.2
[aal] o811 [ A\
F1
| —-————-IBZ.Z | S | S
A2 A2 - B2.2 A2 o B B2.2
Iv B2.1 ) )
Lam][ o B2 L] o B2
_3—— ————-IBB.Z _D;—— ————-iBB.Z _3—— ————-IBB 2
A3 A3 A3
‘¥B3.1 $B3.1 ‘¥B3.1
P b= BT
_3——————%51.2 _:{I——————imz | % F2
A1 B11 A A1 -IBH A A1 = B1.2
Fi Fi Tl 11 [ DA
F1

DO =

D) o D) o—

movable guards

interlocking devices with potential free/contacts

monitoring logic unit
fault of interlocking devicé

Figure J.7 — Direct fault masking

intended reset of a fault

t in theinterlocking device of one movable guard occurs and is initially detected, the a
vable’guard leads to the unintended reset of the detected fault (see Figure ].8).

ctuation of
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—IB1.1 = o——IB1.1dA —IBH % -IBH %
_ ~---{p22 _ ~--p22 _ ~---{B22 _
2 ), Geas 22 Seas 2 ), Goas A2 —(;————O B22
——1 L | &%B2.1
_ ~---{B32 _ 832 _ ~----{B32 _ 832
A iﬁsm M 1%33.1 A 1%33.1 A 1?33.1
S—

- S I R -
S P Y LYY e S|P 2P

i % /N % /N

3_____ B1l2 | Fz | FZ

M M P—Ip12 A Pl—Jp12
BL1 | /\
{ Fi [l o811 | A\ [l o811 | A\
Fl Fl

[ ™| bl | ™
| ~---{B32 | ~-—-B32 | 1832
E‘:{BM E‘¥B3.1 3%53-1

S
U [ [
S0 = e IOKs; SAN4O00 =

Key
Al, A2, A3 movable guards
B1.1,B1.2, | interlocking devices with potential freecontacts

B2.1,B2.2,

B3.1,B3.2

D monitoring logic unit

S reset control device of the monitoring logic unit
F1, F2 fault of interlocking device

Figure J.8 — Unintended reset of a fault

The unintgnded resetis also possible after a fault in the cabling is initially detected. The opening of any
movable glhutard with'an interlocking device connected between the fault and the monitoring logid unit, leads
to the unintended-reset of the detected fault (see Figure ].9).
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Key
A1, A2, A3

B1.1,B1.2,
B2.1,B2.2,
B3.1,B3.2

J].3 Met

— A
ST ST =
B1.2 N

] T8 F ] T
M i—iem Uy Al i—ism

| | 43822
A2 - — /B22 A2 iaz 1

o§32.1

| 3832 | 43832

A3 1?33.1 A3 1%53.1
— S

SO = — DO =

movable guards
interlocking devices with potential free/contacts

monitoring logic unit

reset control device of the monitoring logic unit
fault of interlocking device

nominal voltage of theéChannel

Figure J.9 — Cable fault with unintended reset

hodology for evaluation of DC for series-connected interlocking devig

CeS

Step 1:

. . A nWallWs JICAO- 4230 404 320NN A AminY £ > 1 L . h | h L
DCLCTIIHIIC DU (5€C 10U 150%7°1.2U45, AININICX L ] OI €VET Yy SHIZIC PDOSILIOIT SWILLIT WITICIT

the safety function(s).

diagnostic method (refer to Clause 7, Clause 8 and 1SO 13849-2:2012, Annex D).

— Improve DC using a different diagnostic measure (see ISO 13849-1:2023, Annex E).

— Improve cabling in order to reduce fault possibilities or to allow fault exclusion.

— Se

lect other type of interlocking device in order to allow fault exclusion.

given in [.4.
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Step 3: Limit the DC of the position switch to the maximum achievable DC by applying one of the methods


https://standardsiso.com/api/?name=34a1e6e59331b6be1a88304bd1f9aa99

ISO 14119:2024(en)

— Step 4: Improve DC if required according to ].5.

J.4 Limitation of DC by effects of series-connected devices

J].4.1 General

According to 9.5, with respect to serial wiring of contacts (without additional diagnostics), the effect of
possible fault masking shall be carefully taken into consideration where DC is required for the design of the
interlocking function.

Possible fault masking can lead to a fault accumulation. Therefore, the achievable DC shall be estimated
using one of the methods described in ].4.2 or ].4.3. Nevertheless, the maximum achievable PL is limited to
PL d and tHe maximum DC s [imited to medium.

NOTE The probability of occurrence of faults due to random and systematic failures canngt be flilly known.
Therefore, dny degradation of the diagnostics function can result in an increased probability of dangergus failures.
This is not gcceptable for higher levels of risk, therefore PL and DC are limited.

J.4.2 Simpplified method for the determination of the maximum achievable DC

Table ].1 provides a simplified approach for the determination of the maximtm achievable DC taking into
account the probability of masking.

Table J.1 — Maximum achievable DC (simplified method)

Number of frequently used Nufm ber of (l)ther d Maximum achievable
movable guards?ab (non-frequently used) Dcd
movable guards®

0 2t04 Medium
5to 30 Low
>30 None

1 1 Medium
2to4 Low
>5 None
>1 =0 None

a  [fthe actuation frequency is higher than once per hour.

b If the number af-operators capable of opening separate guards exceeds one, then the
number of frequently used movable guards shall be increased by one.

¢ The number of additional movable guards may be reduced by one range for each of the
following conditions met:

— when'the minimum distance between any of the guards is more than 5 m; or

—s>Wwhen none of the other movable guards is directly reachable from the position where the
eperator actuates a frequently used movable guard.

d Inall cases, ifitis foreseceable that fault chl{ing will accur (a g mn]fipln movable gnqrr‘]c
will be open at the same time as part of normal operation or service), then the DC is limited to
none.

J.4.3 Regular method for the determination of the maximum achievable DC

J.4.3.1 Estimation of the fault masking probability (FM)
The fault masking probability (FM) is dependent on several parameters that should be considered including:
— number of series-connected devices;

— actuation frequency of each movable guard;
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— distance between the movable guards;

— accessi

— numbe

bility of the movable guards;

r of operators.

For the determination of the FM, Table ].2 shall be applied.

Table J.2 — Fault masking probability (FM)

J4.3.2 O

The maxinmum achievable DC depends-on the FM level and the type of cabling used in combin

the switch
Table .3 td

Number of frequently used Number of other Fault masking
ab (non-frequently used) - d
movable guards® movable guards¢ probability level (FM)

0 PATE T

5to 30 2

>30 3

1 1 1

2to4 2

=5 3

>1 20 3

a  [fthe actuation frequency is higher than once per hour.

b If the number of operators capable of opening separate guards exceeds one, then the
number of frequently used movable guards shall be increased by-one.

¢ The number of additional movable guards may be reduced by one range for each of the

following conditions met:
— when the minimum distance between any of the guards is more than 5 m; or

— when none of the other movable guards is direttly reachable from the position where the
operator actuates a frequently used movable guard.

d  Inall cases, if it is foreseeable that fault masking will occur (e.g. multiple movable guards
will be open at the same time as part of nofinal operation or service), then the FM level is 3.

etermination of the maximum achievable DC

arrangement and the diagnostic capabilities given by the signal evaluation techniqu
Table ].5 show the maximum reachable DC depending on those parameters. Differe

switches a
dangerous
Table ].3 tg

re not taken into aecount in the tables because they can be evaluated using their mg
failure (MTTFp)value and the DC according to ISO 13849-1 and limiting DC to the ran
Table |.5.

«

NOTE 1
purposes ot

NOTE2 4
in one wire

Supply (Uy)\Woltage wire” in Table ].3 to Table ].5 means a wire carrying a supply voltage Uy,
her thaninterlocking.

\ possibility for a fault is a short-circuit between any wire and permanent supply voltage, whi

of'the cable. Another possibility for a fault is a short-circuit between any wire and a shield

ation with
es applied.
nt types of
an time to
ge given in

ntended for

h is carried
ng which is

connected to ground. Table J.3 to Table J.5 are used for different cablings and considering these fault possi
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Table J.3 — Maximum achievable DC for unprotected multicore cable without a supply voltage (Uy) wire

Table J.4 -

. . . Maximum achievable DC
Arrangement Cabling Signal evaluation
FM=3 |[FM=2 |FM=1
Same polarity None Low Medium
(Un/Un)
Branch/ Inverse polarity
Star (Uy/GND) None Low Medium
Single Dynamic signals None Low Medium
arrangement Same polarity .
None Low Medium
(Un/Un)
1 Favatal Inverse pn]arifv N T Med
(Uy/GND) one ow edium
Dynamic signals Medium |[Medium |Medium
Same polarity None Low Medinm
(Un/Un)
Branch/ Inverse polarity
Star (Uy/GND) None Low Medium
Redundant Dynamic signals None Low Medium
arrangement i
& Same polarity Medium (Medium |Medium
(Un/Un)
Loop Inverse polarity :
(Uy/GND) None Low Medium
Dynamic signals Medium |[Medium |Medium

- Maximum achievable DC for u

nprotected multicore cable with a supply voltage

Maximum achievable DC

Arrangement Cabling Signal.evaluation
FM=3 |[FM=2 FM=1
sate polarity None Low Medium
(Wn/Uy)
Branch/ inverse polarity
star (Uy/GND) None Low Medium
Single dynamic signals Low Medium |Medium
arrangement same polarity .
None Low Medium
(Un/Uy)
Loop inverse polarity .
(Uy/GND) None Low Medium
dynamic signals Medium |Medium |Medium
same polarity None Low Medium
(Un/Un)
Branch/ : lari
star inverse po arlty Ngne Lowus Medium
(Ux/GND)
Redundant dynamic signals Low Medium |Medium
arrangement same polarity .
None Low Medium
(Un/Uy)
Loop inverse polarity .
(Uy/GND) None Low Medium
dynamic signals Medium |[Medium |Medium
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Table J.5 — Maximum achievable DC for protected multicore cable with or without a supply voltage

J].4.4 Int
devices W

Fault mas]
containing
fault mask

J].5 Avo

To avoid f4
applied:

use of
diagng

avoidil

(Uy) wire
. . Signal evaluation |Maximum achievable DC
Position switch .
arrangement Cabling of redundant
g channels with FM=3 |FM=2 |FM=1
Same polarity Medium |[Medium |Medium
(Un/Un)
Branch/ Inverse polarity
star (Uy/GND) None Low Medium
Single Dynamic signals Medium |[Medium |Medium
arrangement Same polarity Medium [Medium [Medium
(UNn/UnJ
Loop Inverse polarity .
(Uy/GND) None Low Mediund
Dynamic signals Medium |Medium |Medium
Same polarity Medium |[Medium_\[Medium
(Un/Uy)
Branch/ Inverse polarity
star (Uy/GND) None Lot Medium
Redundant Dynamic signals Medium (Medium |Medium
arrangement Same polarity Medfuin |Medium |Medium
(Un/Un)
Loop Inverse polarity .
(Uy/GND) None Low Medium
Dynamic signal§ Medium [Medium |Medium

erlocking devices with potential free.¢ontacts and other potential free con
ith different functionality connected in series

xing can occur even if other contaets are non-safety related, e.g. series-connect
a non-safety related limit switch within a safety related circuit. In such cases, the pr
ng cannot be estimated with the methods of this annex.

jding fault masking
ult masking of inteflocking devices with potential free contacts, the following meth

hdditional egntacts individually connected to a monitoring device in combination with 4
stic procedures to avoid fault masking;

1g eohnecting in series of interlocking devices and use of individual safety inputs i

contro

[ler)for each interlocking device;

kacts of

ed devices
bability of

ods can be

ppropriate

In the logic

use of interlocking devices with internal diagnostics and monitored outputs.

J.6 Application examples in an integrated machinery system (IMS)

J].6.1 Ap

plication example 1

Figure J.10 shows an integrated machinery system (IMS) with a perimeter guard. This guard also includes
several interlocked movable guards (doors A, B, C, D, F) and a material entry exit area safeguarded with an
active optoelectronic protective device (AOPD) (E).
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