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Foreword

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

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

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-Bl standards on particular safety aspects (e.g. safety distances, surface temperature, noise);
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e-B2 standards on safeguards (e.g. two-hand controls, interlocking devices, pres
Kitive devices, guards);

standards (machine safety standards) dealing with detailed safety requirements
ar machine or group of machines.

ent is a type-B2 standard as stated in ISO 12100.
mments of this document can be supplemented or modified by a type-C standard.

s which are covered by the scope of a type-C standard and which have been designed and
the requirements of that standard, the requirements of thdb type-C standard take preced

tional Standard has been prepared to give guidanceitormachinery designers and write
ty standards on how to design and select interlocking devices associated with guards

uses of this International Standard, used alene or in conjunction with provisions
hrds, may be used as a basis for verificatiefi’procedures for the suitability of a devid
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tive Annexes A to F describe the technology and the typical characteristics of the de
hterlocking devices. Other solutions may be adopted, provided that they comply wit
[ this standard. The informative Annexes G to I give information on particular aspect
devices used within safety-ftinctions, risk assessment considering the motivation to
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INTERNATIONAL STANDARD
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Safety of machinery — Interlocking devices associated
with guards — Principles for design and selection

1 Scope

This International Standard specifies principles for the design and selection — independent of the
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Normative references

£ Of tiTe eMergy SOUTTe — Of IMtertoCKINg Gevites associated Wit guards:
[nternational Standard covers the parts of guards which actuate interlocking devices.

ISO 14120 specifies general requirements for the design and construction of guards provi
tect persons from mechanical hazards. The processing of the signal from the intetlocking devi
bilize the machine is dealt with in ISO 13849-1 or IEC 62061.

International Standard does not necessarily provide all the specifi¢ requirements for
ms.

International Standard provides measures to minimize defeatofinterlocking devicesin
eeable manner.

following documents, in whole or in part, are\normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latest edition of the referenced document (including any amendments) appl

2100:2010, Safety of machinery — Geteral principles for design — Risk assessment and r

1 3849-1:2006, Safety of machinery — Safety-related parts of control systems — Par
iples for design

3849-2:2012, Safety of machinery — Safety-related parts of control systems — Part 2: Vi
0204-1:20009, Safety-6f machinery — Electrical equipment of machines — Part 1: General 1

0947-5-3, Low-valtage switchgear and controlgear — Part 5-3: Control circuit devices a
bnts — Requirements for proximity devices with defined behaviour under fault conditions

b2061:2012, Safety of machinery — Functional safety of safety-related electrical, el
rammable electronic control systems
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3

Terms and definmitions

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

3.1

interlocking device

inter

lock

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

Note

1 to entry: See Figure 1 and Table 1.

[SOURCE: ISO 12100:2010, 3.28.1.]
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5<
2+
4-
6+
0 [0
Key
1 guard 4 position switch
2 interlocking device 5 actuating system
3 actuator 6 output system
a  Direction|of opening,.
Figure 1 — Example of an interlocking device

3.2
interlockinjg guard

guard ass
the followin|

— the haz

— ifthe gy

when th
closure

Note 1 to en|
interlocking

[SOURCE: I§
3.3

O:Eated with an interlocking device so that, together with the control system of the mag

functions are performed:
hrdous machine functions “covered?* by the guard cannot operate until the guard is clo
ard is opened while hazardous machine functions are operating, a stop command is g

e guard is closed, the hazardous machine functions “covered” by the guard can operate
of the guard does notby itself start the hazardous machine functions)

try: An interlocking\guard can contain/be equipped of one or more interlocking devices.
levices can also/beof different types.

0 12100;2020, 3.27.4.]

interlocki

control guaid

guard with a start function

hine,

sed;
ven,;

(the

[hese

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

Note 1 to entry: ISO 12100:2010, 6.3.3.2.5 gives detailed provisions regarding the condition of use.

[SOURCE: IS
3.4

012100:2010, 3.27.6.]

guard locking device

device inten

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

© ISO 2013 - All rights reserved
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interlocking guard with guard locking
guard associated with an interlocking device and a guard locking device so that, together with the
control system of the machine, the following functions are performed:

— the hazardous machine functions “covered” by the guard cannot operate until the guard is
closed and locked;

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

[SOURCE: 1SO 12100:2010, 3.27.5.]

3.6

safety-related part of a control system

SRP,
part
outp

Note

()
of a control system that responds to safety-related input signalsiand generates sg
1t signals

1 to entry: The combined safety-related parts of a control system Start at the point where the 3

canoperate
hctions)

fety-related

afety-related

inputfsignals are initiated (including e.g. the actuating cam and thesroller of the position switch) and end at the
outpyt of the power control elements (including, for example, themain contacts of a contactor).

Note

P to entry: If monitoring systems are used for diagnostics,they are also considered as SRP/CS.

[SOURCE: ISO 13849-1:2006, 3.1.1.]

3.7
defe

At

action that makes interlocking devices ingpérative or bypasses them with the result that

used

3.8
defe

in a manner not intended by the designer or without the necessary safety measures

ht in a reasonably foreseeable manner

defeat of an interlocking devjice-either manually or by using readily available objects

Note
inten|

Note
objed]

1 to entry: This definition includes the removal of switches or actuators using tools that are n
ded use of the machine or that are readily available (screw drivers, wrenches, hexagon keys, p

D to entry: Readily available objects for substitute actuation include screws, needles and sheet
ts in daily use-such as keys, coins, adhesive tape, string and wire, spare keys for the trapped-key

devides, and spane actuators.

39
auto

h machine is

eeded for the
iers).

metal pieces,
y interlocking

Eatic monitoring
diagnosticfunction which initiatesa fauit reaction function if the abitity of a component or a

n element to

perform its function is diminished, or if the process conditions are changed in such a way that hazards
are generated

3.10

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
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3.11

direct opening action

positive opening operation

<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: IEC 60947-5-1:2003, K 2.2.]

3.12

actuator
separate part of an interlocking device which transmits the state of the guard (closed or not closed) to
the actuatinlg SY Stem

EXAMPLE Guard-mounted cam, key, shaped tongue, reflector, magnet, RFID tag.
Note 1 to ent}y: See also Annexes A to E.

Note 2 to enty: Examples of actuators are shown in Figure 2.

3.13
coded actuator
actuator whiich is specially designed (e.g. by shape) to actuate a certain position switch

3.13.1
low level cqdded actuator
coded actuator for which 1 to 9 variations in code are available

3.13.2
medium level coded actuator
coded actuator for which 10 to 1 000 variations in code ate available

3.13.3
high level coded actuator
coded actuaftor for which more than 1 000 variations are available

3.14
actuating system
part of the interlocking device which transmits the position of the actuator and changes the state af the
output syst¢m

EXAMPLE Roller plunger, gamrmechanism, optical, inductive or capacitive sensor.
Note 1 to enty: Examples ¢f actuating systems are shown in Figure 2.

3.15
output systlem
part of the inteflocking device that indicates the state of the guard to the control system

EXAMPLE Contact element (electromechanicalj, semiconductor outputg, valive.

3.16
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.

3.17
Type 2 interlocking device
interlocking device with mechanically actuated position switch with coded actuator

EXAMPLE Tongue-actuated position switches.

4 © IS0 2013 - All rights reserved
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1 to entry: See Annex B for detailed examples.

Type 3 interlocking device
interlocking device with non-contact actuated position switch with uncoded actuator

EXAMPLE Proximity switches.

Note

3.19

1 to entry: See Annex C for a detailed example.

Type 4 interlocking device

inter
EXAN
Note

3.20
stop
signa

3.21
over|
time
haza

[soy

3.22
acce
time
devi

Note

3.23

ocking device with non-contact actuated position switch with coded actuator
PLE RFID tag actuated position switches.

1 to entry: See Annex D for detailed examples.

command
1 generated by the interlocking device that causes the hazardous machine function to

all system stopping performance
interval between the stop command given by opening the guard and the termin
rdous machine function

RCE: 1SO 13855:2010, 3.1.2, modified.]

5s time
taken by a person to reach the hazard zoneafter initiation of the stop command by the
e, as calculated on the basis of an approach speed of the body or part of the body

1 to entry: For the selection of the approach speed and the calculation, see ISO 13855.

holdjing force

forcq

that a guard locking dévice can withstand without being damaged so that its further

be impaired and the guard will not leave the closed position

3.24
prev
featy
thel

3.25
eme

ention of inadvertent locking position
re of a guardiocking device which ensures that the locking means (e.g. a locking bolt)
pcking pésition when the guard is not closed

disappear

htion of the

interlocking

use will not

cannot take

Fgency release of guard locking

poss
of an

emergency

bitity to Tetease manually without aids the guard tocking from outside the safeguarded area in case

Note 1 to entry: The guard locking with emergency release can be necessary for releasing trapped persons or

fire-f

3.26

ighting, for example.

auxiliary release of guard locking
possibility to release manually by means of a tool or a key the guard locking from outside the safeguarded

area

in case of its failure

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

© ISO
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3.27

escape release of guard locking

possibility to release manually without aids the guard locking from inside the safeguarded area to
leave the area

3.28
guard locking for protection of a person
application of a guard locking device to protect a person against a hazard

3.29
guard locking for protection of the process
application

£ 1 1=s < o £ i £l J=s £ Lo 1t ol
Pl d sucu u lULI\llls UL VvILU LU lJl ULLll LT VWUl I\llls lJl ULTOS ITTVUIIIL UCllls ITILCT X HPLCL{

3.30
tool

implement Juch as a key or wrench designed to operate a fastener

Note 1 to entfy: An improvised implement such as a coin or a nail file cannot be consideredyas’a tool.

[SOURCE: IS0 14120:2002, 3.9.]

3.31

power intel
interlocking
moving part

locking
which directly interrupts the energy supply to the machine actuators or disconi
s from the machine actuators

nects

ition.
n the

Note 1 to ent]
“Directly” m¢
interlocking

y: Resumption of the energy supply is only possible with,the guard in the closed and locked pog
ans that, unlike control interlocking, the control systém does not play any intermediate role
unction.

3.32
safety func
function of 4

fion
| machine whose failure can result innan immediate increase of the risk(s)

[SOURCE: IS0 12100:2010, 3.30.]

4 Opera rith

guards

ting principles and typical forms of interlocking devices associated w

4.1 Genefal

Interlocking
classified us
or the techn|

Interlocking

techniquess;involve a broad spectrum of technological aspects. Interlocking devices c{
ing a gréap variety of criteria, e.g. the nature of the link between guard and output sy:
ological.type (electromechanical, pneumatic, electronic, etc.) of the output system.

devices have a guard position monitoring function that senses whether the guard is ¢

n be
tem,

osed

or not and produce a stop command when the guard is not in the closed position. An interlocking device
can also be used in the control of other functions e.g. application of a brake to stop hazardous machine
functions before access is possible. Some interlocking devices also have a guard locking function to keep
the guard locked while hazardous machine function is present. A guard locking device status monitoring
function monitors whether the guard locking device is engaged or released and produces an appropriate
output signal (see 4.3.1 a) and b)).

NOTE1 The guard locking device (see 3.4) can be an integral part of an interlocking device, or a separate unit.
NOTE 2 See also IS0 12100:2010, 6.3.3.1 for additional information on guards.

Table 1 shows the actuation principles and actuators for the defined interlocking device types.

NOTE3  The four types of interlocking device are not presented in a hierarchical order. The correct application of
each type of interlocking device will be dependent on the risk assessment that should be made for the specific machine.

6 © IS0 2013 - All rights reserved
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Table 1 — Overview of interlocking devices

Actuation principle examples Actuator examples Type Exaznples: see
nnexa
Rotary cam Al
Uncoded |Linear cam Type 1 A2,A4
. Physical con- .
Mechanical tact/ force Hinge A3
Tongue (-shaped actuator) B.1
Coded Type 2
Trapped-key B.2
Tnductive Surtable ferric metal
Magnetic Magnet, solenoid
Capacitive Uncoded |Any suitable object Type 3 C
Ultrasonic Any suitable object
Non-contact
Optic Any suitable object
Magnetic Coded magnet D.1
RFID Coded |Coded RFID tag Type 4 D.2
Optic Optically coded tag —
a  Hxamples of other interlocking devices are given in Annex E.
S
d d
d 1 I 1 N |
a
3 & 3 3
5-<
> i
.4 2 5 2 5
-4 r4
6 6 6
a) TypeA interlocking device b) Type 2 interlocking device c) Type 3 or 4 interlocking

(uncpded cam-operated, guard

(coded tongue-operated, guarddevice (uncoded o

r coded

closed)

© IS0 2013 - All rights reserved
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Key
1 movable guard 4  position switch
2 interlocking device 5 actuating system
3 actuator: 6 outputsystem

a Cam. ¢ E.g. RFID, reflector, suitable surface.

b Tongue. d Movement direction.

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 Z — Principle of Types 1, Z, 3 and 4 interlocKing devices

4.2 Prindiples of guard interlocking without guard locking

When guard interlocking function without guard locking is used, the guard can be openhed at any|time
regardless qf the function of the machine.

If the guard|is not closed, the interlocking device shall generate a stop command-

The access time shall be longer than the overall system stopping performiance.

NOTE1  Fqr interlocking with the machine control system see Clause 8.

NOTE 2  Examples of interlocking devices without guard locking aré&shown in Annexes A, B, C and D.

NOTE3  Afunctional diagram of interlocking devices without gutard locking is shown in Figure 3.

(‘
hgzardous machine 1 guard closed
function <
possible

> End of closing - - Beginning of guard opening

hdzardous machine
function <
prevented 2 H guard not closed

N

Figure 3 — Funectional diagram of interlocking devices without guard locking

4.3 Prindiples of guard interlocking with guard locking

4.3.1 General

When interlocking with guard locking is applied, opening of the guard shall be prevented by a guard
locking device (see 3.4) unless all hazardous machine functions covered by this guard have disappeared.

There are two alternatives for the design of the guard locking function (see Figure 4).

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 disappear.

b) Unlocking of the guard is possible only when the hazardous machine functions have disappeared.
This is called conditional unlocking.

8 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=7df9d45b5bebed372ebcab9a8b096162

ISO 14119:2013(E)

1 | | guard closed and locked hazardous 1 | | guard closed and locked
unlocking possible machine unlocking prevented
function
Locki possible Unlockin Hazard disappearance (e.g. machine
ﬁ.c lng —+ =+ Unlocking achieved*) J P reventeg -+  —+ brought to rest) detected or ensured
achleve P by fixed time having elapsed
2 | | guard closed and unlocked 2 | | guard closed and locked
opening of the guard possible unlocking possible
hazardous
machine
End of function I acling
CI%L ?Il;g =+ Begmning ol guard opening prevented achieveg =+ Unlocking achieved
| | | | guard.closed and phinlocked
3 guard not closed 3 openingof the guaild possible
_/
*) "unlocking achieved” implies that: End. of | L Beginning of guard opening
closing
- a stop command has been initiated
simultaneously with - and as a consequence of -
the beginning of the actuation of unlocking device; 4 | | guard not cldsed
- the time necessary for the guard to be unlocked is \_

NOT
with

Exan

4.3.2

The

greater than the time necessary for
the hazard to disappear.

Unconditional unlocking Conditional unlocking

-
"
M

In conditional locking, the change from state 2 to state 3 or from state 3 to state 2 c
but time delay.

Figure 4 — Functional diagrams of interlocking devices with guard lockin

ples of guard locking devices are given in Annex F.

Interlocking device with mechanically operated guard locking

]mnechanical part(e,g. bolt) which locks the interlocking guard can be
anually applied and manually released (see Figure F.5);

q

pring (ot\similar) applied and power-ON released [see a) in Figure 5];

ower-ON applied and spring (or similar) released [see b) in Figure 5];

an happen

'}

power-ON applied and power-ON released [see c) In Figure 5|.

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 2013 - All rights reserved
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4.3.3 Interlocking device with electromagnetically operated guard locking

The guard is kept closed (locked) without any mechanical locking means by an electromagnetic force
(see F.4). The electromagnetic guard locking operates on the principle of power-ON applied and power-

OFF released [see d) in Figure 5].

Spring applied |Engaged
a)
- — Power-ON Released
8 released
N
R _|_ = Power-ON
applied Engaged
b)
Spring released |Released
Power-ON
applied Engaged
c)
Power-ON Released
released
10 © IS0 2013 - All rights reserved
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Power-ON

HH applied Engaged
d) 4
Power-OFF Released
released

1

Figiire 5 — Operating modes of guard locking device in power-actuated guard locking devices

5 Requirements for the design and the installation of interlocking devi¢es with
and|without guard locking

5.1 | General

Interlocking devices) shall be installed in a suitable robust manner and in accordande with any
instrjuctions previded by the manufacturer (see Clause 9).

5.2 | Arrangement and fastening of position switches

Positliorvswitches shall be arranged so that they are sufficiently protected against a change of their
position. In order to achieve this, the following requirements shall be met:

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

b) Type 1 position switches shall have provisions for permanently fixing the location after adjustment
(e.g. by means of pins or dowels);

c) necessary means of access to position switches for maintenance and checking for correct operation
shall be ensured. Prevention of defeat in a reasonably foreseeable manner shall also be considered
when designing the access means;

d) self-loosening shall be prevented;

e) defeat of the position switch in a reasonably foreseeable manner shall be prevented (see Clause 7);

© IS0 2013 - All rights reserved 11
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f)

g)

h)

j)

5.3 Arramgement and fastening of actuators

5.3.1 Genkpral

the position switch shall be located and, if necessary, protected so that damage from 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 switch manufacturer to ensure correct operation and/or prevent overtravel;

a position switch shall not be used as a mechanical stop, unless this is the intended use of the position
switch as declared by the manufacturer;

misalignment of the guard that creates a gap before the position switch changes its state shall not be
sufficientas to impair the protective effect of the glmrd (fm‘ access to hazard zones see ISQ 13855

and [S0|13857);

the support and fastening for the position switches shall be sufficiently rigid to maintajn cofrect
operatipn of the position switch.

Actuators (See Figure 2) shall be so fastened to minimize the possibility¢hat they come loose or change

their intendpd position relative to the actuation system during the intended lifetime.
NOTE A fegular check can be necessary (see 9.3.2).

The following requirements shall be met:

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

b) self-loogening shall be prevented;

c) the actyator shall be located and, if necessary, protected so that damage from foreseeable external
causes is avoided;

d) anactugitor shall not be used as a mechanical stop, unless this is the intended use of the actuatjor as
declarefl by the manufacturer;

e) the support and fastening fof the actuators shall be sufficiently rigid to maintain correct operation
of the a¢tuator.

5.3.2 Cams

Rotary and linear cams for Type 1 interlocking devices shall meet the following requirements:

a)
b)

c)

they arg fixed by fasteners requiring a tool for loosening them;

final fixing 15 achieved by form (e.g- Spline or pinj or other methods that provide equivalent
integrity of fixing;

they do not damage the position switch or impair its durability.

5.4 Actuation modes of interlocking devices

When a single Type 1 or Type 2 interlocking device is used to generate a stop command, it shall be
actuated by direct mechanical action between guard, actuator and actuating system and the contact
element shall have direct opening action (see 3.10, 3.11 and Table 2).

Non-direct mechanical action for a Type 1 interlocking device shall be used only in conjunction with a
Type 1 or Type 2 interlocking device with direct mechanical action between guard, actuator and output

12
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system. Combining one interlocking device with direct mechanical action with a second interlocking
device with non-direct mechanical action avoids common cause failures (see 8.3).

Table 2 — Direct and non-direct mechanical action of Type 1 interlocking devices

Mechanical Example of behav-
. Guard closed Guard not closed Working mode iour in case of
action .
failure (see 8.3.2)
Plunger held Output system
<(JK J\ depressed by cam as |remains in safe state
- long as guard is not |when guard is not
e ‘KqP)’ closed closed-eyen if spring
Diregt When guard closed, breaks
output system
changes its state as
result of action of
return spring
The plunget isheld |If spring[breaks,
depressedby a cam |output system can go
a % as longrasthe guard |to unsaf¢ state even
o 5 is closed. if guard not closed.
Non-direct WHhen guard not
closed, output sys-
tem changes state
as result of action of
return spring.

Interflocking devices shall be actuated appropriateto'the actuation principle of the applied position switch.

If a Type 3 or Type 4 interlocking device is theyonly interlocking device it shall meet the reqiiirements of
IEC §0947-5-3.

5.5 | Interface to control systems

The ¢utput system of interlocking devices shall be suitable for inclusion in a control system| designed in
accordance with ISO 13849-1 or IEC 62061.

5.6 | Mechanical stop

If an| interlocking)device is declared by the manufacturer of the device to be suitable for use as a
mechanical stopthe maximum impact energy withstand value shall be given (see also 9.2.7 r)).

5.7 | Additional requirements on guard locking devices

5.7. General

If the application of the guard locking function creates hazards additional measures shall be considered
(see 5.7.5 and 1SO 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 Figure 5 a)) or “power-ON applied - power-ON released” (see Figure 5 c) unless the outcome of
the risk assessment shows that this is not appropriate. If in a specific application other systems (e.g.
Figure 5 b)) are used, they shall provide an equivalent level of safety.

NOTE When the loss of power results in the release of the locking element, the stopping time of the machine

is often lengthened considerably and it can be possible to access to the hazard before the movements have been
stopped (or other hazard disappeared).
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The requirements of 5.7 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
safety level of the guard interlocking function shall not be negatively affected by a non safety related
guard locking function (i. e. guard locking function used solely for the protection of the process).

The requirements of 5.7 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 locking device shall allow the engaged position to be monitore

system com

The guard
closed and |

5.7.2 Med

5.7.2.1 Ge

Mechanicalll
see Figure 5

Ifitis forese

or “power-0N applied - power-ON released” systems (see Figure&.a)and c)), a guard locking device

emergency |

Figure 6 shd

5.7.2.2 Ldcking monitoring

The engaged

The hazard
position of

For an effec

the lock

(see Fig
monitof

in the of
positior

Q40 1 coNnc1
O 7

by providing an output

£alal atla i 1 4 A | o I A | skl JCO 19D 1
dlIUIT VWILIl d CUILILTI UL D_yDLClll ucolsucu IIIrdeturudlIite willln 10U 190071 L ULl 1TLUGULUUL.

pcked.
hanical guard locking device

neral

y operating guard locking shall result from the engagement of twg rigid parts (form clo
a) to C)).

eable that access is necessary in case of emergency, for “spring applied - power-ON reled
elease (see 5.7.5.3) shall be provided.

ws the functionality of such a device.

position of the locking element shallbg monitored in accordance with the requirements

us function of the machine shall-only be possible when the monitoring detects the ¢
he guard and the engaged position of the locking element (see Annex F).

[ive monitoring of the giard locking device one of the following methods shall be ensu

ing element can only-go in the engaged position if the movable guard is in the closed pog
ure 6), in that case‘the closed position and the locking of the guard can be checked b
ing of the locKing element;

her casethé monitoring of the locking element and additionally the monitoring of the g
shall beursed for interlocking.

ocking device shall only allow hazardous functions of the machine when the-gualrd is

sure,

sed”
with

Hﬁ
&

osed
red
ition

y the

uard
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o~ =
c)
Key
a) guard closed and locked 1<\ actuator (tongue)
b) guard closed and not locked 2 locking element (bolt)
c) guard not closed and not locked 3 actuating system (internal rotating cam

NOTH In this kind of position switch the actuator’has two functions: to operate the contacts (not shpwn in the
figure) and together with the internal rotating'cam and the bolt to provide the guard locking function| The bolt can
be oplerated by external means e.g. a solenoid or pneumatic cylinder.

Figure 6 — Example of Type 2 interlocking device with guard locking

5.7.3 Electromagnetieguard locking device

5.7.3.1 General

The force required for the locking of the guard is applied by the generation of an electrompgnetic field
(see Figure.5d)).

5.7.3.2 lnrkingmnnifnring

The holding force shall be monitored to determine if the specified holding force has been achieved and
maintained (see 6.2.2 and Annex I).

The hazardous function of the machine shall only be possible when the monitoring detects the closed
position of the guard and the achievement of the specified holding force.

5.7.3.3 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.

NOTE In contrast to a mechanical guard locking, an electromagnetic guard locking shows no damage after an
opening by force.

© IS0 2013 - All rights reserved 15


https://standardsiso.com/api/?name=7df9d45b5bebed372ebcab9a8b096162

ISO 14119:2013(E)

The objective of the measure is that an opening by force results in a time expenditure which is similar
to that of repair works (time delay) and comparable with the repair of a damage of an electromechanical
guard locking.

This can be

implemented by

a) means of measures within the guard locking, such as e.g.

1) aresetafteraninterruption 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 pf equivalent time-consuming measures in the machine control system, sueh @&s, e.g.
following sequence:
1) warning message at the machine, and
2) cycle stop, and
3) switching-off the production mode, and
4) testiing of the guard locking function, and
5) swiftching-on the production mode, and
6) restarting the next machine cycle (after a fixed timeperiod of a minimum of 10 min).

5.7.4 Holding force

The manufa
device with
which shall

Test

The guard 1
device is thg
at its maxin
this loading
carried out

Evaluation

Based on t}
factor S the

F
_ 2~ 1max
Fzp =—2=

with

5$=13

Requireme

Cturer of the guard locking device shall énsure thatin the engaged position, the guard lo
btands at least the specified holdingforce F. The manufacturer shall specify a holding
be less or equal than the holdingforce Fzp, which is determined via the following test:

bcking device is fastenéd ;onto a base as intended by the manufacturer. The guard lo

bn an unused-as-new sample.

e maximum force Fimax measured during the test taking into consideration the s
holding force Fzy is ascertained using the following formula:

in loaded up to the point of failure of the guard locking function, in that the locking mj
hum operating angle) is moved at a constant speed in the “open guard” direction. Dliring
the maximum.ferce F1max is measured during the course of deformation. The test shj

the

rking
force

rking
eans

11 be

hfety

S

nts on the test device

Traction speed: constant (10 + 0,25) mm/min

Requireme

16

nts on the force measurement device
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Sampling rate: 210 Hz

Measurement accuracy of maximum force: £2,5 %

NOTE For test details, see Reference [19].

5.7.5 Supplementary release of guard locking

5.7.5.1 General

Depending on the application supplementary methods of release of guard locking can be necessary (see

ISO

shall|fulfil at least the requirements of Category B according to ISO 13849-1.

NOTH When one of the described release methods is used, a considerable longer stopping timg
could be the effect which should be considered in the risk assessment.

5.7.3.2 Escape release of guard locking

When the guard locking device is provided with an escape release the following requirements

dleliberate unlocking of the guard locking from inside of the safeguarded area shall be ea]
without auxiliary means and regardless of the operating congdition;

the unlocking means shall be manually operated and-act directly on the principle of
mmechanism;

the unlocking shall generate a stop command;

the unlocking means for the escape release shall only be accessible from inside the safeg

5.7.3.3 Emergency release of guard lo¢king

Wheh the guard locking device is provided with an emergency release the following r¢
shalllbe met:

NOTE

xeliberate unlocking of the-guard locking from outside the safeguarded area shall be
e easily actuated without auxiliary means, regardless of the operating condition;

the unlocking mgans’shall be manually operated and act directly on the principle of
mechanism;

tthe unlockingshall generate a stop command;

the unlocking results in a blocking of the locking means in the released condition;

27100:2010, 6.3.5.3]. For the selection see 6.2.3. Escape and emergency releases ol .gliard locking

than normal

shall be met:

sily possible

the locking

1arded area.

quirements

bossible and

the locking

the'emergency guard locking release shall be clearly marked to be used only in emergen

'y situations

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

the resetting of the emergency release shall be possible only by means of a tool or by other methods

(e.g. change of component). This requirement can be fulfilled on a 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 9.2.2 m)).

can become an escape release when it is mounted inside of the safeguarded area.

© IS0 2013 - All rights reserved
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5.7.5.4 Auxiliary release of guard locking

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

5.7.6 Req

The fastenil
withstand t

6

6.1 Gene

When selec
machine lifd

Selection sh

NOTE

Deliberate unlocking of the guard locking from outside the safeguarded area shall be possible only
by the use of a tool or key(s) and regardless of the operating condition. The auxiliary release shall be
protected againstunintended actuation (e.g. protected by seal, protective coating) since the auxiliary
release is to be used in exceptional cases only e.g. when the locking is power ON released and the
power is lost and the guard locking does not have emergency release function. The instructions for
use shall state that the restoring of the protection is necessary before normal operation is resumed.

The unl

The res
(e.g. ch{
require
device),

use of the guard locking device (see 9.2.2 m)].

Select

the con
the haz
the sevd
the prol

overall

pcking of the auxiliary release shall generate a stop command.

ptting of the auxiliary release shall be possible only by means of a tool or by othérmef]
inge of a component). This requirement can be fulfilled on a control system level. |
ments are intended to be fulfilled on a safety control system level [not in, the guard-lo
clear instructions that this needs to be achieved shall be provided in thé instruction

nirements for fastenings

g of guard locking devices shall meet the requirements{of*5.2 and shall be design
he holding forces.

on of an interlocking device

ral

cycle.

all take into account but not be limited to the following criteria:

litions of use and the intended use of the machine (see 6.3, SO 12100:2010, 3.23 and 5
irds present at the machine (see 1ISO 12100:2010, 5.4);

rity of the possible.injury (see ISO 12100:2010, 5.5);

pability of failure of the interlocking device (see Clause 8);

system stopping performance and access time (see 6.2.1);

the req

IEC 62069:2012) for the safety function (see 8.1);

irédPerformance Level PL (see ISO 13849-1:2006) or Safety Integrity Level SIL

hods
f the
rking
s for

bd to

ting an interlocking device for a machine, it is necessary to consider all phases of the

3);

(see

information for use according to 9.2.2 provided for the interlocking device(s);

for Type 4 interlocking devices the means to avoid thata single actuator can be taughtin an unlimited

manner

by the operator without special knowledge and special tools.

Type 3 or Type 4 interlocking devices can be used to overcome problems arising from the use of Type 1

and Type 2 interlocking devices when a guard can be removed completely from a machine and/or when the
environmental/process conditions require a high level of protection (e.g. IP69K).

18
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6.2 Selection of a guard locking device

6.2.1 Overall system stopping performance and access time

Aninterlocking device with guard locking shall be used when the overall system stopping performance (see
3.21) is greater than or equal to the access time taken by a person to reach the hazard zone (see Figure 7).

The access time shall be calculated by using the distance between the hazard zone and the guard
together with the approach speed (see ISO 13855:2010 for typical values).

( Start )

Overall
system stopping performance
> access time

no

Intetlocking guard
without guard locking
can be sufficient
(see 5.1to0 5.6)

Interlocking guard
with guard locking
(see Clause 5)

End End

Figure 7 — Determination of the need for guard locking devices

6.2.2 Specific requirements-for selection of guard locking devices

The device shall be selected int order to be able to withstand the expected forces. Dynami¢ effects like
bouricing, or chatteringsshall be considered as well.

If thg expected impactreaction forces are higher than the forces the selected device can withstand then
design measures&hall be applied to reduce or avoid the forces.

NOTE1 A dynmamic force will occur, when the door is being closed and the locking mechanigm is already
activated, seeFigure 8.
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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

Key
movable

1

2 actuator
3 Guard lod
a

Direction|
Rebound

o

The strengt
shall be suf
crowbar or

The holding
(for additior

NOTEZ2 It

6.2.3 Sele

Depending

2 3 4
/ /
ol 7/
[+]
\
5

a) Door not closed

buard

king mechanism (lock).

of closing.
at guard stop.

Figure 8 — Example of a guard locking device affected by dynamic forces

h of the mechanical locking.elements or the holding force of the electromagnetic lo
[icient to prevent the opening of the guard from the closed position without the helj

timilar heavy tools.

force needed shall be-appropriate to the intended application and construction of the g

1 2 3

4
/

) A
PV-—

b) Door closed and locked

4 fixed part of the guard

5 guard stop

¢ Dynamicforcte expended on locking mechanism.

1al information see\Annex I and ISO 14120).

s the task of thetype-C standard or the machine designer to determine the appropriate holding

ction ef'supplementary guard locking releases

nrthe application supplementary methods of release can be necessary. These measure

include but are

hranat Bmitad +q-

rking
of a

uard

force.

5 can

TTot I to

— an escape release of guard locking according to 5.7.5.2;

— an emergency release of guard locking according to 5.7.5.3;

— special design of the guard to allow escape;

— auxiliary release of guard locking can be necessary when it is foreseen that it is necessary to get to
the safeguarded area 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 1

NOTE 2

20

See 5.7.5,1S0 12100:2010, 6.3.5.3 and IS0 11161:2007, 8.9.

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

6.3.1 General

The technology and type of interlocking device shall be considered to ensure that it is suitable for the

cond

itions of use (e.g. environment, hygiene) and for the intended use of the machine.

Environmental conditions shall be considered for the selection of the appropriate interlocking device.

Crite

ria are for example:

— temperature,

— Y

— hygiene,

—
The i

NOTH
such
of ted
pollu

NOTH
logic
thea

6.3.2

If Ty
cons
chips

NOTH
allow
elect
adan

7 1

ust,
oisture,

ribration and shocks,

tlectromagnetic influences.

nterlocking device shall withstand all foreseeable influences during its expected lifeti
1  Failure can be induced by corrosion from salts, acids or/alkalis (e.g. seawater) and the

effects, particularly over time, should be taken into accountxThe particular design of the inter

hnology used can cause it to be susceptible to the ingress 6f'ehemicals or particles. In areas whe

[ion is present, manufacturer’s guidance should be sought.

2 When combining Type 3 or Type 4 interlocking devices using reed contacts together wit

imissible limits of the switches.

Influence of dust on Type 2 interlocking devices

pe 2 interlocking devices areapplied, the possible pollution at the mounting locat
dered. Type 2 interlocking devices can be unsuitable in applications where the ingress
or dusts cannot be preyented unless suitable measures (e.g. dust protection cover) ar

The actuator isihserted into the position switch, therefore the position switch has an o
rical enclosure. Fhepollution of the mechanical parts can result in the degradation of the mecH

gerous failure‘ofthe interlocking device.

Design to minimize defeat possibilities of interlocking devices

me.
possibility of

ock and type
re significant

h monitoring

inits the user should verify that possible current$pikes caused by the monitoringlogic unitare pot exceeding

ion shall be
of particles,
e applied.

pbening which

s the ingress of dust. The indicated degree of protection IPXX according IEC 60529 relates exclusively to the

anism and in

7.1

General

The machine shall be designed in such a way that it minimizes the motivation for defeating the

inter

locking devices (see ISO 12100:2010, 5.5.3.6).

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:

— easy operation of the machine, in particular during maintenance and service operations;

— failure-free operation of functionality of a machine.

© ISO
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The following procedure shall be followed in order to avoid interlocking devices being defeated in a
reasonably foreseeable manner:

a) Implement the basic measures described in 5.2, 5.3, 5.4,5.7.3.3 and 6.2.2.

Type 3 interlocking devices shall not be used unless it is shown by risk assessment that in the
application the device cannot be defeated in a reasonably foreseeable manner.

b) Check whether the motivation to defeat the interlocking devices in reasonably foreseeable
manner exists.

NOTE 1

Considering experience of use is helpful, see ISO 12100:2010, 5.2 ¢).

NOTE 2
defeat in

c) Checkw
— des
— alte
Implem
NOTE 3
Alternat]

or proce|
with con

d) Ifforesg

Figure 9 prd

and the requiiired measures done by the machine manufacturer.

Table H.1 in Annex H can be used for guidance to evaluate and/or eliminate the motivati
terlocking devices.

rhether the motivation can be eliminated or minimized by:
gn measures and/or

rnative modes.

ent those measures if possible.

The implementation of alternative modes of operation ean/avoid the motivation to d

on to

efeat.

ive modes of operation can be, e.g. special modes for setting, toolchanging, fault finding, maintepance

ss observation. They depend highly on the type of machingjand its application and cannot be
(prehensively in this standard.

eable motivation for defeat continues to exist, additional measures are required (see 7}

vides a schematic representation of the methodology for determining the possible ince

dealt

.2).

ntive
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( Start ’

Implement basic
measures
(see 7.1a)

Is

there a
metivation-te dafaat2 ((‘aa

7.1b) and Annex H)

yes

Is it possible to
no eliminate or minimize the yes
motivation for defeating of
interlocking devices?
(see 7.1c)
Implementation of the measures Elimination or minimisation of
against "Defeat in a reasonably motivation for defeating hy
foreseeable manner" according to implementation of design meadures or
Table 3 necessary by implementation of alternptive
(see 7.1d) modes (see 7.1c)

End

Figure 9 — Methodology for determining the possible incentive and the required measures

7.2

doné by the machine manufacturer

Additional measures to minimize defeat possibilities of interlocking deviges

The interlocking devicesshall be selected and/or installed such that defeating in areasonablyf foreseeable

man

her is preventedy

In th following,possible measures against defeat in a reasonably foreseeable manner ard mentioned.

For the requirernents and applicability see Table 3.

a)

b)

revention of accessibility to the elements of the interlocking device

)~“mounting out of reach (see Figure 11),

2) physical obstruction or shielding (see Figure 10),

3) mounting in hidden position;

Prevention of substitute actuation of the interlocking device by readily available objects
1) low level coding of actuators;

2) medium level coding of actuators;

3) highlevel coding of actuators;

Prevention of dismantling or de-positioning of the elements of the interlocking device by use
of non-detachable fixing (e.g. welding, gluing, one-way screws, riveting)
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NOTE1 Use of non-detachable fixing can be an inappropriate solution in cases where a failure of the
interlocking device during lifetime of the machinery can be expected and a fast change is necessary. In this
case other measures, e.g. a), b) and d), should be used to provide the required level of risk reduction.

d) Prevention of defeat
1) Integration of defeat monitoring in the control system by means of

i) status monitoring,

ii) cyclic testing.

NOTE 2 fr i) statusmonitoring; p‘lauai‘uility testing detectsdur g nrachire \,_y\,‘lc aIrumstatsteegssion
of stateq resulting in a defeat. The system control for instance expects the opening of a door in a' dgfined
machine|cycle. The absence of the control signal indicates a defeat.

NOTE 3| Inii) cyclictesting, the operator is requested by the control to actuate the safeguard. The abgsence
of the exjpected control signal indicates a defeat.

2) Checking for plausibility using an additional interlocking device where, defeat is only pogsible
by an additional action — for example, separate mounting and wiring,-er different actuption
principles require an additional action for defeating.

NOTE 4  In[this context, checking for plausibility means checking that both interlocking devices are reactjng in
a predefined [manner.

Key
1 sliding guard (not closed) 3 position switch
2 cover (fixed part) 4 actuator

a  Direction of closing.

NOTE Defeating of the interlocking device is made difficult by the cover (2), or by the presence of the guard in
front of it.

Figure 10 — Examples of protection against defeating by physical obstruction or shielding
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7 6
Key
1  hinge popition switch 5 moving direction of the guard
2 rotor (dgngerous tool) 6  process dependent height over ground
3 guard 7  cover attached to frame
4  lifting gefr of the guard 8 actuation coupling

Figure 11|— Example of protection against defeating of a torsion angle operated interlockjng
device by. mounting out of reach at a machine for road construction

8 Contr¢l reguirements

8.1 Generat

Interlocking devices with or without guard locking are safety-related parts of the control system
(SRP/CS) of a machine, (see ISO 13849-1) or a subsystem or a subsystem element of a safety-related
electrical control system (SRECS) (see IEC 62061) with the purpose to prevent hazardous situations.

NOTE Examples of interlocking devices realised in several architectures are given in Annex G.

8.2 Assessment of faults

For example: Where an interlocking system requires PLy e in accordance with ISO 13849-1 or SIL 3 in
accordance with [EC 62061 a minimum fault tolerance of 1 is required (e.g. by implementing two Type 1
interlocking devices). In order to achieve this it is normally not justifiable to exclude faults, such as
broken actuators. However, it may be acceptable to exclude some faults, such as short circuit of wiring
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within a control panel designed in accordance with relevant standards. The same requirement applies
for PL d and SIL 2 unless a full justification is provided in accordance with ISO 13849-1 or IEC 62061.

For applications using interlocking devices with automatic monitoring to achieve the necessary
diagnostic coverage for the required safety performance, a functional test (see IEC 60204-1:2009,
9.4.2.4) 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 fault is increased.

When a manual functional test is necessary to detect a possible accumulation of faults, it shall be made
within the following test intervals:

I q

|

q

NOTH
eg.b
testi

8.3

8.3.1
Whe

NOTH

8.3.2
devi

The

it least every month for PL e with Category 3 or Category 4 (according to ISO 13849-1) or SIL 3 with

{FT (hardware fault tolerance) = 1 (according to IEC 62061);

gt least every 12 months for PL d with Category 3 (according to ISO 13849<1) or SIL

hardware fault tolerance) = 1 (according to IEC 62061).
It is recommended that the control system of a machine demands these tests at the requ

y visual display unit or signal lamp. The control system should monitor the'tests and stop the 1
5 omitted or fails.

Prevention of common cause failures

General

e redundant interlocking devices are provided, ecommon cause failures (CCF) shall be

2 with HFT

red intervals
nachine if the

avoided.

Use diversity instead of simple redundancy,€:g. by use of the measures described in 8.3.2 and/orin 8.3.3.

Direct and non-direct mechanicalaction of the position switches of Type 1 inte
Ces

use of direct and non-direct mechanical action of the position switches of Type 1

rlocking

interlocking

switches of

deviges is commonly used to prevent common cause failures.
Figure 12 shows the combination of direct and non-direct mechanical action of the positior
Type| 1 interlocking devices:
a
1 :
—tM, ©
Dy
d
| E—
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A

—H, O
F)

D,
Key
1 guard a  (Closed.
D1  positioh switch (NC) b Not closed.
Dy  positioh switch (NO) ¢ Direct mechanical action.
d  Non-direct mechanical action.
switch pctuated

@ direct

Figure 12 -

Typical caug

a)
b) misalig

c)

In case of a
switches wi
c). It can fai
mechanical
in case b) dd

excessiy

jammin

NOTE D

4

If two mec
action or o

pening action

— Avoiding common cause failure of two mechanically actuated position switche
using associated direct and non-direct mechanical action

es for failure of mechanically actuated position switches are:

re wear of the actuating system (e.g. plungerorroller) or of the actuator attached to the g

hment between actuator and position switch;

o of the actuating system (plunger) making actuation by the spring impossible.

Failure of D1 or Dy, breaking of the circuit is ensured by the other position switch. Pog

h direct mechanical action,‘as D1 (see Figure 12), fail to danger in case a), but not in
| to danger in case b) depending on the misalignment. Position switches with non-d
action, as Dy (see Figure 12), fail to danger in case c), but not in case a). It can fail to d4
pending on the misalignment.

can be a posjtion’sensing system.

mechanically actuated position switch and one non-mechanical actuated position sy

are applied,

a s€ore of 20 for diversity can be claimed for the quantification of common cause fa

hard;

ition
case
irect
nger

anically(actuated position switches using associated direct and non-direct mechahnical

vitch
ilure

(CCF) accorgling to ISO 13849-1 for this subsystem.

8.3.3 Power medium diversity

In order to minimize the probability of common cause failure 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). In this case, a score of 20 for diversity can be claimed for the quantification
of CCF according to ISO 13849-1.

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 will cause the hazardous motion to disappear. Due to different technologies applied,
there is no common cause failure possible that would cause both position switches to fail dangerously.
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Release of guard locking device

For the release of a guard locking device all the devices applied

to detect the engaged position,
to detect the release conditions (e.g. speed or position monitoring, time delay),
to process the logic signals, and

to unlock the guard

arep|
by ri

NOTH
unlod
risk 1
part

NOTH
of thg

malfm

guar
of IS(
relev

8.5

Whe
and

Poss
the e

NOTH
norm
ISO1

NOTH
posit
envir

NOTH

Ther]
the g
shea

artof the SRP/CSand the appropriate safety function ias to fuifiithe required PLror Sii
sk assessment.

1
king of the guard and reaching a safe condition of the machine, a dangerous situation can occur

eduction by a safety function for guard locking is necessary, all devices providing the (un)lock
fthe SRP/CS.

2
e guard locking function is lower than the PLr or SIL of the interlockihg function. The probj
nction of the guard locking function at the same time as the access 0fia person usually is ver
locking function even in case of PLr e fault exclusions for the mechanical parts are possible
13849-2:2012), Table D.8 of ISO 13849-2:2012 does not apply for guard locking devices, sin
hnt for interlocking devices.

Fault exclusion

e fault exclusions apply, they shall be in agtordance with ISO 13849-1:2006, 7.3, |
EC 62061.

ble faults exclusion shall be examined separately for mechanics and electronics taking
nvironmental conditions and extermal influences to be expected.

1 Frequently used fault exelusions concern electromechanical switches. The non-d
ally closed contact can be exeluded if the contact is in accordance with IEC 60947-5-1:2003,
3849-2:2012, Table D.8.

2 In some cases itTis: possible to exclude faults of the mechanics actuating an elect
on switch. For justifieation see ISO 13849-2:2012, Annex A. It is most important to consider
onmental conditians:

3 For mofe‘information see 6.3.2.

e should be a proper selection of the device ensuring that the holding force (Fzp -
uardilecking device is sufficient to withstand static forces on the locking element (b
Fing forces on the locking element by bouncing of the movable guard are prevented (sed

determined

If the risk assessment shows, that during the elapsed time between detectionof ap unintended

hnd therefore
ng signal are

The PLr or SIL is dependent on the application-specific risk assessiment. In most cases the PLr or SIL

ability of the
7 low. For the
(see Annex A
e D.8 is only

SO 13849-2

Into account

pening of a
[Annex K, see

fomechanical
the expected

see 5.7.4) of
blt) and that
NOTE 4).In

this

Fasé the use of fault exclusion for hrnal(qu of the ]nr‘l(ing element does not npr‘pccnri]y

limit the PL

or SIL for the guard locking function.

NOTE 4

For example the design of the control system can ensure that the spring applied locking

element does

not move into the engaged position, before the movable guard is closed and stationary, e.g. by time delay between
closing the door and cutting-off the voltage to the solenoid.

NOTES5  The guard locking function is a different safety function to the locking monitoring function.
NOTE 6  For more information see 6.2.2.
8.6 Logical series connection of interlocking devices

Logical series connection of interlocking devices means for NC contacts wired in series or for NO
contacts wired in parallel. When interlocking devices with redundant contacts are logically connected
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in series the detection of a single fault can be masked by the actuation of any interlocking device logically
connected in series with the defective interlocking device to the safety related control system.

It is foreseeable that during the fault finding (troubleshooting) by the operator one of the guards whose
interlocking devices are logically connected in series with the defective interlocking device will be actuated.
In that case the fault will be masked and the effect on the diagnostic coverage value shall be considered.

For a series connection the maximum DC (see ISO 13849-1 or I[EC 62061) should be considered.

NOTE ISO/TR 24119, which deals with the logical serial connection of devices, is under preparation.

8 7 El 2 1 pa | 2 ol A
. ect 1Cdl dIIU TIIVII UVIIIIITIILdI LUIIUIUavUIID

8.7.1 Gengpral
Electrical interlocking devices shall comply with IEC 60204-1.

When the devices are foreseen to be used outside the environmental limits stated"in IEC 60204-1, the
interlocking devices shall be selected such that they meet the foreseeable environmental conditiors.

8.7.2 Performance considerations

Power interJocking components shall have suitable current breaking'capacity, taking into account all
foreseeable fituations (e.g. overload).

8.7.3 Immunity from disturbance

Proximity syitches and magnetic switches for interlockifig applications shall be selected and us¢d so
that foreseepble external electrical, magnetic or electroimnagnetic fields do not impair their functiop.

8.7.4 Eledtrical operating conditions
When electifonic components are used in interlocking devices, necessary precautions shall be taken to

prevent malffunction caused by voltage fluctuations, transient overvoltage, etc.

9 Information for use

9.1 Geneyal
An interlocKing device¢ould be
a) designed and manufactured by the machine manufacturer using available separate componenits or

b) manufartured and placed on the market as a complete device ready for use.

Therefore there are different requirements for the information for use that apply to manufacturer of the
machine or the manufacturer of interlocking devices.

9.2 Information for use given by the manufacturer of interlocking devices

9.2.1 Marking
The marking shall be in accordance with [SO 12100:2010, 6.4.

Furthermore, interlocking devices designed and constructed for use in a potentially explosive
atmosphere shall be marked accordingly.
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Where this is not practicable due to space restrictions the full address of the manufacturer and the
designation of the device type shall be stated in the instruction for use and the device shall be clearly
marked with the manufacturers name or logotype.

The marking shall be sufficient to identify the document containing the information for use according
t0 9.2.2 or 9.3, 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).

The marking for locking monitoring in accordance with 5.7.1, 5.7.2.2 and 5.7.3.2 shall be with the symbol
according Figure 13

lp

Figure 13 — Symbol for locking monitoring of locking elements

9.2.2 Instructions
The manufacturer of the interlocking device shall indicate the folewing in the instructions

a) the business name and full address of the manufacturer and, where applicable, hi§ authorised
representative;

b) Iesignation of the interlocking device;
)

d) 4 general description of the interlocking device;

esignation of series or type;

e) the drawings, diagrams, descriptions and explanations necessary for the use, mainfenance and
fepair of the interlocking device @and for checking its correct functioning;

f) 3 description of the intended use of interlocking device;

g) 4ssembly, installation arid,connection instructions, including drawings, diagrams and §he means of
dttachment of the intérlocking device;

h) :Izstructions for ®dhe putting into service and use of the interlocking device and, if necessary,
instructions for the training of operators;

i) the description of the adjustment and maintenance operations that should be carriedl out by the
1ser and-the preventive maintenance measures that should be observed;

j) hcluding the

k) any data necessary for the user to determine PL or SIL for the intended safety function(s).
In addition, where relevant, the following shall be specified:
1) warnings relating to reasonably foreseeable misuse;

m) warning that the device itself does not contain reset facility for emergency and auxiliary release of
guard locking and that additional measures are required to achieve it (see 5.7.5.3 and 5.7.5.4);

n) mandatory declaration;
o) holding force Fzy according 5.7.4;

p) range of actuation movement;
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q) thespecifications of the spare parts to be used, when these affect the health and safety of operators;
r) the maximum impact energy withstand value, in |, if the device can be used as a mechanical stop;
s) the maximum peak current and voltage of the output system of the position switch;

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

u) where interlocking systems rely on special actuators or keys (coded or not), advice shall be given
in the instruction handbook concerning risks associated with the availability of spare actuators,
keys anfl master keys and that any spare actuators or keys should be securely controlled. Thig also
includes reset keys for emergency and escape release;

v) theleve] of coding (low, medium, high) for coded interlocking devices (Type 2 or Type4):
9.3 Information for use given by the manufacturer of the machine

9.3.1 Marking

A specific miarking is not required.

9.3.2 Instructions

The manufacturer of the machine shall include the relevant*information of 9.2.2 regarding the
interlocking devices in the instructions for use of the machine:
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Annex A
(informative)

Type 1 interlocking device — Examples

A.1 Rotary cam

A1l

.1 Description

One [single Type 1 interlocking device, with position switch actuated in direcbymechai
monf{tors the position of the movable guard (see 5.4 and Figure A.1).

Key
A
B

A1l

- —— — ]

a) Movable grard closed b) Movable guard not close
npovable guaxd C position switch
aftuator {cam) 1 opening direction

nical action,

2. "t —TFrretntertockimedevicewit Hoositt

.2 Typical characteristics

itch

direct mechanical action of the actuator (rotary cam) (B) on the actuation system of the position

switch (C);

possibility for direct opening action of the NC contact of the position switch due to direct mechanical

action (see 3.11);

impossible to defeat by manually operating the actuation system without removing rotary cam or

position switch;
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Fails to danger in case of

— failure ofthe mechanical link between guard and position switch (wear or breaking of the actuator),

— mis

alignment between the position switch and the cam.

A.1.3 Remarks

dismantled without tools;

— seealso
— 5.2
— 5.3]
NOTE Fd

A.2 Linear cam

A.2.1 Description

One single
monitors th

| S—

r fault exclusion see 8.5.

As the absence of the movable guard is not detected, it is essential that the guard cannot be

tion,

Type 1 interlocking device, with position switch actuated in direct mechanical ag
b position of the movable guard (see 5.4 and Figure A.2).
I —1 — — 1 —
[ ? ] | ? |
L [ V. _—
[ ] C [/ C
A B A B

Key
A movable
B

actuator

Figuy

A.2.2 Typ

a) Movable guard closed b) Movable guard not closed

C position switch
1

guard
(cam) opening direction

re A.2 — Type 1 interlocking device with linear cam actuated position switch

ical characteristics

direct

linear cam) (B) on-the

actuation sustem of the no
Gotoa ooy ot e O EepOS

rorrrreo oo troTT DT e

........... 3)

switch (C);

action (see 3.11);

position switch;

Fails to danger in case of

ition

possibility for direct opening action of the NC contact of the position switch due to direct mechanical

impossible to defeat by manually operating the actuation system without removing linear cam or

— failure of the mechanical link between guard and position switch (wear or breaking of the actuator),

— misalignment between the position switch and the cam.
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A.2.3 Remarks

— As the absence of the movable guard and/or actuator is not detected, it is essential that the guard
and/or actuator cannot be dismantled without tools;

— seealso
— 5.2,
— 5.3.

NOTE For fault exclusion see 8.5.

A.3 | Hinge

A.3.1 Description

One position switch mounted internally in a hinge (see Figure A.3).

1 2 3
{ || E
+)) &b
1
a) Movable guard closed b) Movable guard not closed
Key
1 rmovable guard 3 fixed part of guard

2 Hinged interlocking device

Figure A.3 — Hinged interlocking device

A.3.2 Typical'’characteristics

— trect mechanical action of built-in position switch;
i

pnccih]n to defeat without dicmnnnfing;

— works as hinge for a movable part of a guard;

— adjustment of switching point has to be accurate and therefore may be unsuitable for wide
movable guards;

— only usable for hinged movable guards.

A.3.3 Remarks

As the absence of the movable guard is not detected it is essentially that the movable guard cannot be
dismounted without tools.
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A.4 Pneumatic/hydraulic interlocking devices

A.4.1 Examples

Examples of pneumatic/hydraulic interlocking devices are shown in Figures A.4 to A.6.

a—-

A-A-A

fVV\

Key
a  (Closed.
b Not closdd.

Figure A.4 — Single valve (output system) with direct-mechanical action of single valve by
movable guard

Key
a  (Closed.
b Not closdd.

Figure A.5 — Two valves (output system)
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\
B< WM
S > A
D-\ ___{
7
Key
1 movable guard b Movable guard notlosed.
a  Novable guard closed. ¢ To machine actuatots.
A ipdependent interlocking device that acts B independentinterlocking device that a¢ts on
dn electrical control circuit (with automatic hydraulic €ircuit (power interlocking, sge 8.7.2)
monitoring) when direct interruption of power circiiit possible

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

A.4.2 Remarks

A hybrid interlocking device is particularly interesting in very severe environmental condjtions which
can induce “common cause failures” (i.e.gintultaneous failures having the same cause) of romponents
with|the same technology, e.g. melting‘of the insulating layer of conductors on a machjne working
under hot conditions, or simultaneous failure of two proximity detectors under the effect ¢f electric or
electromagnetic interference.
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Annex B
(informative)

Type 2 interlocking device — Examples

B.1 Tongue-actuated position switch

B.1.1 Desicription

A single Typje 2 interlocking device, with position switch actuated by direct mechanical actipn, monjitors
the position|of the movable guard (see Figures B.1 and B.2).

B.1.2 Typlical characteristics
— easy principle for integrated guard locking devices;

— especially suitable for use on the opening edge of a movable guard,

— direct r:[echanical action on the actuator of the position switch;
il

— possibility for direct opening action of the NC contact of the position switch due to direct mechanical
action (see 3.11);

— due to lpw level coding additional measures againstdefeating can be required;
— can be damaged due to misalignment during thesmachine life cycle;
— can be degraded by pollution;

— impact 'rom actuator can cause harm to persons.

Key
1 position switch 2 actuator (shaped tongue)

Figure B.1 — Position switch with coded tongue actuator
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a) Movable guard closed b) Movable guard not closeld
Key
12 [Internal rotating cam position when movable 1b  Internal rotating cam position when|{movable
guard closed. guard not closed.
22 [Tongue inserted. 2b  Tongue not inserted.
3a  [Switching element closed. 3b  Switching elerent not closed.

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

B.1.3 Remarks

For measures to minimize defeating, see Clause 7.

B.2 | Trapped key

B.2.1 Description

A trapped-key interlocking device is an interlocking device relying upon the transfer of keys between a
control element and a lock fixed«enrthe guard (guard lock) (see Figure B.4).

In a frapped-key interlocking device, the guard lock and the switching element, which also incorporates
alock, are separate as opposéed to being combined into a single unit.

The ¢ssential feature‘@fithe system is that the removable key is trapped either in the guard lgck, or in the
swit¢h lock. The leck/on the guard is arranged so that the key can be released only when the guard has
been|closed andtlecked. This allows transfer of the key from the guard to the switch lock. Closing the switch
trapq the key,sso that it cannot be removed while the switch is in the ON position (see Figure H.3 and B.5).

If there. is ‘more than one source of power, and therefore more than one element in the output system
to bg aetuated, then a key-exchange box (D) is necessary, to which all keys have to be trarsferred and
locked 1n before the access Key, which 1s of a different key coding, can be released for transfer to the
guard lock. Where there is more than one guard, the exchange box can accommodate an equivalent
number of access keys (see Figure B.6).
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Where, for the purpose of the process or of safety, a number of operations have to be carried out in a
definite sequence, then the transferable key is locked in and exchanged for a different one at each stage.
The exchange box can be integral with the lock.

! | |
1 0 2 0 0

V4 V4 {®

a) Supply connected, key b) Supply disconnected, key can c) Supply disconnected and

trapped be removed locked through bplt lock, key
released
Key
1 switch
2 boltlock

3 actuator [key)

Figure B.3 — Trapped key interlocking principle — Step 1

D | ] | ——
[ 1l < 1 1
Qe
3 2 1
a) Movable(guard closed and locked
D ] [ ] | ——
[ Il 1 1

N

b) Movable guard closed, not locked, actuator key inserted, turned and trapped

c) Moyable guard not closed, bolt cannot be extended, therefore actuator key trapped

Key

1 movable guard
2 boltlock

3 actuator (key)

Figure B.4 — Trapped key interlocking principle using extending bolt — Step 2
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[ Bo— (10

AR <]

3 4 3 4
a) Energized with access denied b) De-energized with access enabled
Key
1 output system 3 lock on guard(s)
2 lock on output system 4 locking bolt/catch attachedcte movable guard

Figure B.5 — Simple basic system

1 2 3

a) Tjme delay, exchange-box and multiple entry b) Time delay, exchange box and multiple entry

— Energized with access denied — De-energized with access enabled
Key
output systeim 4 key exchange box
lock orifputput system 5 lock(s) on guard(s)
3 tinfe-delay device 6 locking bolt/catch attached to movable guard

Figure B.6 — Complex system

B.2.2 Typical characteristics

— no reduction of integrity due to the distance between movable guard and control system;
— no need for electrical wiring to each movable guard;

— can be suitable when the movable guard is placed in hostile environment;

— can be used when the movable guard can be removed completely;
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— particularly suitable when several different types of power source are present on the machine and
for power interlocking;

— not suit

— duplicate keys can become available for defeating (see Clause 7);

able for applications requiring very fast access times;

— impact from locking bolt/catch can cause harm to persons;

— old style keys can be easy to defeat.

B.2.3 Remarks

Delay betwy

transfer time (increased, if necessary, by a time-delay device).

Individual

Individual ki
resulting in

Individual K

roding of key-access systems

ben opening of the output system and unlocking of the guard is ensured merely by| key-

ey coding prevents two or more interlocks unintentionally sharing the same key coding and
a hazard. e.g. A factory has two machines A and B: The key that shuts down and allowg safe
access into machine A cannot be used to access or control machine B.

ey coding can be maintained per factory/site or organization, either by individual site

managemerlc, or by using manufacturers of interlocks that offer a unigue)key coding. Keys and actuptors

should be u

NOTE In
or high level

ambiguously and clearly marked to avoid confusion.

toding, see Table 3.

dividual coding is where the same coding is not common to.all devices. It can be achieved by mddium

42
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Annex C
(informative)

Type 3 interlocking device — Example

C.1 Description

A Type 3 interlocking device consisting of one or more non-mechanically actuated positioﬁkn switch(es)
(indyctive, magnetic, capacitive, ultrasonic or optic proximity switch) actuated by apuncoded actuator
linked to a movable guard (see Figure C.1).

To fylfil requirements for safety integrity in most cases two single position switches with monitoring
will e required unless the single position switch is designed to meet the requirements of I§C 60947-5-3
(see also 5.4).

N

N
B
I

,qg%

AAAARAAAN N
—
w

P,V VUV V.V V V.
1202670222 %%
0202000 %0 %0 %%
0202020%6% % %%
0207000 0% %%
1202670222 %%
020507000 %0 %%
020202626226 % %
0200202050 % 2%
000020270 % %%

U<
(@)}

Ul <
()5

<

Bz 4

a) Movable guard closed b) Movable guard not closed

Key
rhovable guard 4  proximity switch
ihterlocking device 5 actuating system
dctuator 6 output system

Figure C.1 — Type 3 interlocking device with proximity switch actuated by uncoded actuator

C.2 Typical characteristics
— no moving parts;

— high resistance to dust, liquids;
— easily kept clean;

— due to the lack of coding additional measures against defeating are required;
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— limited application possibilities.

C.3 Remarks

For measures to minimize defeating, see Clause 7.
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Annex D
(informative)

Type 4 interlocking devices — Examples

D.1 Coded magnetic operated interlocking device

D.1.1 Description

A Type 4 interlocking device with a position switch actuated by coded magneti©actuatof associated
with|the movable guard opens its contacts when the guard is not closed (See Figure D.1).

ey
\%_S(((%ﬂ
L

N
i
/4

Y

a) Movable guard closed b) Movable guard not closed
Key
1 dpening direetion 3 coded magnet actuator
2 lype 4 interlocking device 4 movable guard

Figre D.1 — Example of Type 4 interlocking device with position switch actuated py coded
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;
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— sensitive to electromagnetic interference;

— ifreed contacts are used, they are susceptible to vibrations and shocks and transient electrical effects;

— medium or high level coding not available.

D.1.3 Remarks

For measures to minimize defeating see Clause 7.

D.2 Cod

d RFID-operated interlocking device

D.2.1 Description

AType 4 int

the movable

D.2.2 Typlical characteristics

compac

L, no external moving parts;

high redistance to dust, liquids;

easily k

bpt clean;

medium and high level coding possible;

toleran

possiblg sensitivity to electromagnetic interference:

e to guard misalignment;

D.2.3 Remarks

For measurgs to minimize defeating, see Clause 7.

46

erlocking device with a position switch actuated by coded RFID tag actuator associated|with
guard opens its contacts when the guard is not closed (see Figure D.2).
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Key
1 dpening direction
2 'lype 4 interlocking device

4

3 coded RFID tagactuator
4 movable{guard

Figure D.2 — Example of Type 4 interlocking device with position switch actuated py coded

RFID tag actuator
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Annex E
(informative)

Examples of other interlocking devices

E.1 Mechanical interlocking between a movable guard and movable element

E.1.1 Desicription

Direct mec
Figure E.1).

anical interlocking between a movable guard and a hazardous movableCelement

The functiof ensured is that of an interlocking guard with guard locking.

Key
1 movable

2 movable
element
position

a) Movable guard closed

guard

element —free: as long as movable
hot at restymovable guard locked in closed

2

14

b) Movable guard not closed

movable guard
movable element — blocked: as soon as movabl

(see

e

guard no longer in closed position, movable element

blocked

Figure E.1 — Example for mechanical interlocking between movable guard and movable element

E.1.2 Remarks

— The application is limited to very simple mechanisms.

— Manual positioning of the movable part can be required to make it possible to open the movable
guard. This should be possible without reaching the hazardous area.

48
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Annex F
(informative)

Example of guard locking devices

F.1 Example of interlocking device with separate detection of guard position and
position of the locking means

F1.1 Description

FigufeF.1 showsaType 2 interlocking device withintegrated guardlockingand gtiard lockingmonitoring.
The actuator is shown in the closed position of the movable guard which isliniked to the actuator. The
guarf locking solenoid is in the locking position held by the spring. If the sglenoid is powered the plunger
of the solenoid is moved to the right thus compressing the spring. The dder monitoring contgct is opened
via the lever linked to the solenoid plunger. Now the interlocking plunger can be moved downwards by
an opening movement of the guard and the attached actuator. In the not closed position of the guard the
wide| part of the interlocking plunger prevents the locking mechanism moving into the locking position
(inadvertent locking prevention mechanism). By linking the/interlocking plunger to a dontact both
interfocking and guard locking position can be monitored within one device.

F.1.2 Typical characteristic

Sepafate indication of the movable guard status is;provided.
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4 7
i /]
3\ \AJ l}l ] [
\‘ .
. . J
o o o
©
5 6
Key
1 actu:ltor 5 interlocking monitoring contact
2 actuafting head 6 guard locking monitoring contact
3 interlocking plunger 7 housing
4 guard locking solenoid
Figure F|1 — Interlocking device with spring applied/power released guard locking device
F2 Intenlocking function ensiuired by detecting separately guard position and
position of the guard locking device
F.2.1 Description
C1 detects the position ofthe movable guard. C; detects the position of the locking device (see Figurg F.2).
F.2.2 Typlical characteristic
Separate indication of the movable guard status is provided

50
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Key
C1
C2
NOTH

F.3
the

F.3.1

By d
posit
dete

asseimbly (see Figure F.3)

F.3.2

No s¢

Do-mmpasrcon

T

VORI OAIIA|

detects the position of the movable guard a , (Closed.
detects position of locking device b\ Not closed.
C1 and C3 can be detectors of any technological type (see 4.13.

Figure F.2 — Separate detection of positions of movable guard and guard locking

position of the locking device

Description

btecting the position of thelocking device, the single detector (C) can also be used to
ion of the movable guard,provided that the closed position of the guard is rigorously
‘ted due to good desjgn.and construction of the guard-locking-device-contact and mg

Typical characteristic

pparate indication of the movable guard status is provided.

device

Interlocking function ensured by detecting lock position only by detecting

monitor the
and reliably
vable guard
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Key

Fall <
GIUSTU.

b Not closed.

C detects lJUb;tiUll of }UL}\ills device
NOTE C carf be a detector of any technological type (see 4.1).

Figure F.3 — Combined detection of positions of movable guard and locking device

F.4 Intenlocking device with electromagnetic guard locking:device

F.4.1 Description

The guard lpcking of the closed movable guard is done electromaghetically (electromagnetic principle
of action, s¢e Figure F.4). The interlocking function is provided-by detection of the guard posjtion.
The locking|function includes monitoring of the electromagnetic force. Forced opening will resulf in a
reaction furjction e.g. 10 min delay until a reset is possible (see 5.7.3.3).
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/‘ PN
| ~
% N |
I I
/ I
I I
I J
1L~
L
N
3 - N
4
2
1
5
Key
coded actuator 4 non-contact actuated position switch
magnetic keeper plate 5 movable guard

guard locking electromagnet

Figure F.4 — Interlocking device with electromagnetic guard locking devige

F.4.2 Typical characterxistics
— g¢asy to clean dueto-sealing;
— high resistaniee-against dusts and fluids;

— ¢ompact,no moving parts;

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

— very high holding force not available.

E5 Interlocking device with guard locking, with manually operated delay device

E5.1 Description

The threaded pin is turned by hand (unconditional unlocking, according to Figure 4, see Figure F.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 being screwed in again, thus closing the switch contacts.
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(X
\\;"
[o59 MV

WY

Key
1 movable guard a  (losed.
2 positipn switch b Not closed.
Figure F|5 — Interlocking device with guard locking, with manually‘operated delay devi¢e
E5.2 Typlical characteristics

<8

— reliability through simplicity;

— canbe

F.5.3 Ren

Only approq

narks

riate for applications with low frequency operations.
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nlocked fast with additional means e.g. by powérdriven screw drivers.
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