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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
Commissipn (IEC) on all matters of electrotechnical standardization.

Draft Interpational Standards adopted by the technical committees are circulated to the member-bodigs for voting.
Publication as an International Standard requires approval by at least 75 % of the member badies casting a vote.

International Standard ISO 14119 was prepared by Technical Committee ISO/TC 199, Safety gf machinery.
ISO 14119 has been published by the European Committee on Standardization (CEN) as EN 1088.

Annexes A to P of this International Standard are for information only.
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Introduction

This International Standard has been prepared to give guidance to machinery designers and writers of product
safety standards on how to design or to select interlocking devices associated with guards. It may also be used as
guidance in controlling the risk where there is no product safety standard for a particular machine.

Relevant sections of this International Standard, used alone or in conjunction with provisions from other standards,
can be used s a basis for verification procedures for the suitability of a device for interlocking duties.

A statement| by a manufacturer that an interlocking device complies with this International Standafd, without
reference to ppecific clauses, has no meaning.

Annexes A tg N contain only examples complying with the principles set out in this International Standafd, and the
application of which has been validated by experience. Other solutions may be adopted, provided that tHey comply
with the samg principles.
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Safety of machinery — Interlocking devices associated with guards —

Principlesfor design-and selection

1 Scopsd

This Interrjational Standard specifies principles for the design and selection, independent of the nature pf the energy
source, offinterlocking devices associated with guards (as defined in 3.23.1 "interlocking device [intejock]", 3.22.4
"interlocking guard" and 3.22.5 "interlocking guard with guard locking" of ISO/TR*12100-1:1992).

It also proyides requirements specifically intended for electrical interlocking/devices (see clause 6).

This Interrjational Standard covers the parts of guards which actuate‘interlocking devices.

NOTE Requirements for guards are given in prEN 953. The processing of the signal from the interlocking devite to stop and
immobilize the machine is dealt with in ISO 13849-1.

2 Normative references

The following standards contain provisions~which, through reference in this text, constitute provisions of this
Internatiorjal Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to inyestigate the
possibility jof applying the most recent editions of the standards indicated below. Members of IEC and SO maintain
registers df currently valid International Standards.

ISO/TR 13100-1:1992, Safety-of machinery - Basic concepts, general principles for design - Part 1: Basic
terminology, methodology.

ISO/TR 14100-2:1992;>Safety of machinery - Basic concepts, general principles for design - Par{2: Technical
principles gnd specifications

ISO 13849-1:41)} Safety of machinery - Safety-related parts of control systems - Part 1: General principles for
design

ISO 13852:1996, Safety of machinery - Safety distances to prevent danger zones being reached by the upper limbs
ISO 14118:-1), Safety of machinery - Prevention of unexpected start-up
ISO 14121:-1), Safety of machinery - Principles for risk assessment

IEC 60204-1:1992, Safety of machinery - Electrical equipment of industrial machines - Part 1: General requirements

1) To be published.
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IEC 60947-5-1:1990, Low-voltage switchgear and controlgear - Part5: Control circuit devices and switching
elements - Section 1: Electromechanical control circuit devices

prEN 953, Safety of machinery - General requirements for the design and construction of guards (fixed, movable)

prEN 999, Safety of machinery - The positioning of protective equipment in respect of approach speed of parts of
the human body

3 Definitions

For the purpgses of This Internationat Standard the following definitons appty - - |

3.1 interlocking device; interlock
Mechanical, electrical or other type of device, the purpose of which is to prevent the operation of‘'maching elements
under specified conditions (generally as long as a guard is not closed).

[ISO/TR 12100-1:1992]

3.2 interlocking guard
Guard assocjated with an interlocking device, so that :

O the hazgrdous machine functions "covered" by the guard cannot operate until the guard is closed ;
O if the gugrd is opened while the hazardous machine functions are.0pérating, a stop instruction is givep ;

O when the guard is closed, the hazardous machine functions "covered" by the guard can operafe, but the
closure ¢f the guard does not by itself initiate their operation.

[ISO/TR 12190-1:1992]

NOTE In English "stop signal" and "stop command" are\synonyms for "stop instruction". In German "Stop-Signal'{ and "Stop-
Befehl" are syhonyms for "Halt-Befehl". In French "ordfe\d'arrét" is an all-encompassing term.

3.3 interlocking guard with guard locking
Guard assocjated with an interlocking device and a guard locking device so that :

a) the hazdrdous machine functions "covered" by the guard cannot operate until the guard is closed and locked ;
b) the guargd remains closedand1ocked until the risk of injury from the hazardous machine functions has passed ;

¢) when the guard is clésed and locked, the hazardous machine functions "covered" by the guard cgn operate,
but the glosure and.locking of the guard do not by themselves initiate their operation.

[ISO/TR 12190-1;1992]

3.4 guard IqcKing device
Device intended to lock a guard in the closed position and linked to the control system so that :

a) the machine cannot operate until the guard is closed and locked ;
b) the guard remains locked until the risk has passed.

3.5 automatic monitoring

A back-up safety function which ensures that a safety measure is initiated if the ability of a component or an
element to perform its function is diminished, or if the process conditions are changed in such a way that hazards
are generated.

NOTE There are two categories of automatic monitoring :
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a) ‘"continuous" automatic monitoring, whereby a safety measure is immediately initiated when a failure occurs ;

b) "discontinuous" automatic monitoring, whereby a safety measure is initiated during a following machine cycle, if a failure
has occurred.

[ISO/TR 12100-1:1992]

3.6  positive mode actuation
If a moving mechanical component inevitably moves another component along with it, either by direct contact or via
rigid elements, the second component is said to be actuated in the positive mode (or positively) by the first one.

ISO/TR 12100210021
[based on ISE6AR-1+2166-2:3992%

3.7 posftive opening operation of a contact element
The achieyement of contact separation as the direct result of a specified movement of therswitch actliator through
non-resilignt members (e.g. not dependent upon springs).

[IEC 6094]-5-1:1991]

NOTE For{fluid power, the equivalent concept may be called "positive mode interruptiof”.

3.8 stopping time; time for hazard elimination
The period between the point at which the interlocking device initiates.the stop command and the poin{ at which the
risk from Hazardous machine functions has passed.

3.9 access time; time for access to a danger zone
The time faken to access the hazardous machine parts after initiation of the stop command by the interlocking
device, ag calculated on the basis of an approach*speed whose value may be chosen, for each pafticular case,
taking into|account the parameters given in prEN"999.

4 Operdting principles and typical forms of interlocking devices associated with guardgs

NOTE Refgrence is made to the relevant annexes where it is considered useful for clearer understanding.

4.1 Interjocking principles
4.1.1 Control interlocking
The stop fomimand from the interlocking device is introduced into the control system so that interruption of the

energy supply to the machine actuators — or mechanical disconnection of moving parts from the machjine actuators
— is triggered by the control system (indirect interrupfion: Tevels A-and B In figure 1).

4.1.2 Power interlocking

The stop command from the interlocking device directly interrupts the energy supply to the machine actuators or
disconnects moving parts from the machine actuators (level C in figure 1). “Directly” means that, unlike control
interlocking (see 4.1.1), the control system does not play any intermediate role in the interlocking function.
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Scope of this Standard

1) Inaccordance with IS0 14118.

Figure 1 — Location of interlocking devices in machinery

[based on annex A of ISO/TR 12100-1:1992]
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4.2 Typical forms of interlocking devices

4.2.1 Interlocking device (without guard locking) [see table 1 and figure 3 a)]

It is always possible to open the guard. As soon as the guard is no longer closed, the interlocking device generates
a stop command. As it is possible to start opening the guard during operation of the machine (or of the hazardous

machine elements), the function is that of an interlocking device, as defined in 3.22.4 of ISO/TR 12100-1:1992.

Examples of interlocking devices without guard locking are shown in annexes A, B, F, G, J, K, L.

4.2.2 Interlocking device with guard locking [see table 1 and figure 3 b)]

The guard|is held closed by a guard locking device (see 3.4). There are two types of device:

O those|where unlocking the guard can be initiated at any time by the operator [unconditional uplocking: see
table [L and figure 3 b1)];

O those|where unlocking the guard is possible only if a condition is fulfilled, thus enSuring that th¢ hazard has
disappeared [conditional unlocking : see table 1 and figure 3 b2)].

The guard|locking device (see 3.4) can be an integral part of an interlocking device, or a separate unit.
In a guard|locking device, the part which is intended to lock/unlock the guard can be

O manuplly applied, manually released (see figure N.1 in annex N),

0 spring-applied, power-released [see figure 2 a)];

O powel-applied, spring-released [see figure 2 b)];

O powef-applied, power-released [see figure 2 c)k

Examples|of interlocking devices with guard locking are given in annexes C, D , E, H, M, N.
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a) spring-applied ... ... power-released

b) power-applied ... ... spring-released
A AA A

S 1 T e R e

V'V -V

c) power-applied ... ... power-released

Figure 2 4+ Operating modes of the-guard locking device in power-actuated guard locking dejvices
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) 1 —{ Guard closed
Machine
operation <
possible
End of guard closing — — Beginning of guard opening
Machine
operation J
impossible
2 I Guard open {i.e. not closed)
a) Interlocking device without guard Locking (“two-state interlocking”)
Guard closed and locked: 1 Guard closed and Uocked;
1 | |unlocking possible Machine | |unlocking impossifle
operafion <
possible
Lockin Untocking Hazard disappearancg (eg. machine
. g - — Unlocking achieved " made - —— brought fo rest) defected or ensured
achieved \ . . . .
Impossible by fixed fime having glapsed
7Guard closed and unlocked; 7Guard closed and locked;
2 opening of the guard possible 2 unlocking possiblg
End of guar . ) e Locking . .
- -+ - - — Unlock h d
closing Beginning of guard opening Machine achieved nlocking achieve
operation
impossible
<
Guard closed and Ynlocked;
—Guard - !
3 tard open 3 opening of the guafd possible
End of guard_| - Beginning of guard ofenin
1) “Unlockirjg achieved” implies that: closing g g g f g
- 3 stop copmand has been ipihigtéd simultaneously with, and as a consequence
of, the bepinning of the getlation of the unlocking device;
4 — Guard open
- the time npcessary=for*the guard to be unlocked is greater than the fime
necessary for theshdzard to disappear.
b1) Unconditional unlocking {“three-state interlocking”) b2) Conditional unlocking (“four-state interlocking”)

b) Interlocking devices with guard Locking

Figure 3 — Functional diagrams of the different types of interlocking devices
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Table 1 — Various aspects of the interlocking devices with and without guard locking

Interlocking devices without guard locking

[see 4.2.1and figure 3a)]

Interlocking devices with guard Locking

[see 4.2.2 and figure 3b)]

Unconditional
unlocking

[see figure 3b1)]

Unlocking the guard can

Conditional unlocking
[see figure 3b2)]

Unlocking the guard is made possible only if
(or is triggered when) one of the following

be started at any fime by
the operator, but the time

conditions Is Tultilled:

necessary for the guard fo

be unlocked is longer than

the time necessary for the
hazard fo disappear

- a fixed time?
has elapsed

after the stop command
has been given;

- disappearance of
the hazard has
been detected

(e.g. zero-speed
detection).

Stqp command given:

- Jf the beginning of
thelguard opening
strpke (the interlocking
deMice is actuated by
thelguard itself):

- simulfaneously wifth
the beginning of the
actuation of the lock ¥
and as a consequence
of it:

- shortly after the
beginning of the
actuation of the'guard
Locking dewice and as a
consequentce of if:

- by the operator, or
automatically by the
control system, then
memorized by the
interlocking device.

spe annexes-A and G)

{

(see annex D)

(see annex N)

(see annex M)

Typical examples

1) Strictly speaking, the guard is unlocked after the beginning of the stop command. Where the hazard disappears
“3s soon as the stop command is given” {in any case before the guard is unlocked), the function ensured is
equivalent to that of an interlocking guard with guard locking.

2) Longer than the fime necessary for the hazard fo disappear.

©1SO
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4.3 Technological forms of interlocking device

Interlocking techniques involve a broad spectrum of technological aspects. As such, interlocking devices can be
classified using a great variety of criteria, e.g. the nature of the link between guard and circuit-opening elements, or

ISO 14119:1998(E)

the technological type (electromechanical, pneumatic, electronic, etc.) of the circuit-opening elements.

Table 2 establishes the link between the main technological forms of interlocking device and the elements of this

International Standard which deal with them.

Table 2 — Technological forms of interlocking device

Technological forms Provisions in subclauses Examples in
annekes
Inteflocking devices with 5.1t054,5.7.2,6.2
mechanically actuated detectors :
4 with cam-operated detectors 5.7.2.1 A G, L, M
4 with tongue-operated detectors 5.7.2.2 B
Inteflocking devices with
non{mechanically actuated detectors :
4 with magnetically actuated switches 5.7.3-6.3 J
4 with electronic proximity switches 5.7.3-6.3 K
Systems incorporating keys :
{ captive-key systems; D
{ trapped-key systems. B
Plud and socket systems 5.7.4 H
Mechanical interlocking  between guard ang*movable parts H
5 Provigions for the design of interlocking devices (independent of the nafure of the
energy source)
5.1 Actuption.modes of mechanically actuated position detectors

When a single detector is used to generate a stop command, it shall be actuated in the positive mode (see table 3
and 3.6). Non-positive mode actuation is only allowed in conjunction with a detector with positive mode actuation,
notably to avoid common-cause failures (see 5.4.1). The design of the actuator should be as simple as possible,

since this may reduce the probability of failure.
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Table 3 — Actuation of position detectors in the positive mode
and in the non-positive mode

Mode of Guard closed Guard open Working mode
actuation
The detector stem (actuator) is held
depressed by a cam as long as the guard
is open.
Positive (:D —+ When the guard is closed, the detector
mode ! changes its state as the result of the
‘O' action of a return spring.
|
|
The<detector stem (actuator) is hgld
depressed by a cam as long as the gugqrd
is-Closed .
Non-positive When the guard is opened, the detegtor
mode ! changes its state as the result of the
L Q action of a return spring.
]
|
|
5.2 Arrangement-and fastening of position detectors
5.2.1 Positipriidetectors shall be arranged so that they are sufficiently protected against a change of thdir position.
In order to meetthis TeqUITEMent;
a) the fasteners of the position detectors shall be reliable and loosening them shall require a tool ;
b) the use of slots shall be limited to initial adjustment ;
c) provisions shall be made for positive location after adjustment (e.g. by means of pins or dowels).

Replacement of the detectors shall be possible without any readjusting need.

10
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5.2.2 In addition, the following requirements shall be met :

a) self-loosening or easy defeat of the detector and of its actuator shall be prevented ;

b) the support for position detectors shall be sufficiently rigid to maintain correct operation of the position detector ;

c) the movement produced by mechanical actuation shall remain within the specified operating range of the
position detector to ensure correct operation and/or prevent overtravel ;

d) displacement of the guard before the position detector changes its state shall not be sufficient to impair the
protective effect of the guard (for access to danger zones, see ISO 13852 and prEN 953) ;

e) the pgsiton-detectorsshaltnotbe-tsed-asmechanical-stops

f) the position detectors shall be located and, if necessary, protected so that damage from faresee
causdgs is avoided ;

g) easy fccess to position detectors for maintenance and checking for correct operation’shall be ensiired.

5.3 Arrapgement and fastening of cams

Rotary andl linear cams for mechanically actuating position detectors shall be designed so that :

O theyd
O their g
O theyd
0 theyd
NOTE The

re positively located, and fixed by fasteners requiring a tool fer loosening them ;
elf-loosening is prevented ;
an only be mounted in a correct position ;

0 not damage the position detector or impair-its durability.

Se provisions exclude friction assemblies.

5.4 Redlicing the possibility of common-cause failures

When swit
measures

5.4.1 Poqg

Typical ca

a)

b)

exces

ching elements have been ymade redundant, common-cause failures shall be avoided, e.g.
described in 5.4.1 and/orx in 5.4.2.

itive and non<pesitive mode association of mechanically actuated position detectors
Lises forfailure of mechanically actuated position detectors are :

sivewear of the actuator (e.g. plunger or roller) or of the cam attached to the guard;

betw

by use of the

see 5.1)

Mmisalignment

en-cam and actuator :

jamming of the actuator (plunger) making actuation by the spring impossible.

Detectors actuated in the positive mode, as D1 (see figure 4), fail to danger in case a), but not in case b).

Detectors actuated in the non-positive mode, as D2 (see figure 4), fail to danger in case b), but not in case a).

Thus, in the case of a failure of D1 or D2, breaking of the circuit is ensured by the other detector.

11
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Guard open

Positive
actuation mode

o[ = wm

Non-positive
actuation mode

©1SO

> /

Gukrd closed

Figure 4 + Avoiding common-cause failure of two mechanically actuated position detectors‘by ‘using
associated positive and non-positive mode actuation

5.4.2 Powell medium diversity

In order to njinimize the probability of common-cause failure, two independent interlocking devices, ead
interrupts thg supply from a different energy source, may be associated with a guard (see example give
L.3).

5.5 Guard |ocking device (see 3.4 and 4.2.2)

Guard locking shall result from the engagement of two rigid parts (positive location).

The part [bolf] intended to lock the guard shall be "spring-applied — power-released" [see figure 2 a)].

Other systenps [e.g. figure 2 b), 2 ¢)] may be used if, in @\specific application, they provide an equivale
safety.

For "spring-gpplied — power-released" systems [see-figure 2 a)], a manual unlocking device requiring ope
tool shall be |provided. Any type C standard specifying such a guard lock should also specify the charad
the manual unlocking device.

The position|of the bolt shall be monitered (e.g. by a detector actuated in the positive mode), so that th
cannot be started until the bolt is in the'fully engaged position (see annex M).

h of which
n in figure

nt level of

Fation by a
teristics of

e machine

The bolt sha|l be able to withstand/the forces which are to be expected during normal operation of the guard. The

force which the bolt is able te-Withstand without damage affecting further use shall be indicated either on
locking device itself or in the_manufacturer's instructions supplied with the device.

NOTE Guard|locking dévices can be used e.g. to prevent an enclosure around an automatic unit being opened
machine/procgss hasteached a definite state, thus preventing loss of information or material damage.

5.6 Delay gevices

the guard

before the

When a delay device [timer] is used, a failure in this device shall not decrease the delay.
5.7 Design to minimize defeat possibilities

5.7.1 General

Interlocking devices shall be designed and instructions for their installation and maintenance shall be given so that

they cannot be defeated in a simple manner.

NOTE "Defeat in a simple manner" means "intended operation is achieved manually or with a readily available obje
available objects may be :

O screws, needles, sheet-metal pieces ;

0 objects in daily use such as keys, coins, tools required by the intended use of the machine.

12

ct". Readily
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Provisions by which defeat may be made more difficult include :

a) provisions expressed in 5.2.2 ;

b) the use of interlocking devices or systems which are coded, e.g. mechanically, electrically, magnetically or
optically ;

c) physical obstruction or shielding preventing access to the interlocking device while the guard is open [see
examples in figures 5, 6 and in annex F, variant b)].

Where interlocking systems rely on special actuators or keys (coded or not), advice should be given in the
instruction handbook concerning risks associated with the availability of spare actuators or keys and master keys.

5.7.2 Deqg
5.7.21 C

When a
characteri

NOTE A h
housing.

5722 T

As the de
incorporat

A higher |g

O physi

O permanent assembly (e.g. by welding, riveting,”"one-way" screw) of the tongue with the gug

dism4g

ign to minimize defeat of mechanically actuated position detectors
hm-operated position detectors

5ingle detector is used, it shall be actuated in the positive mode (see, 5.1) since,
tics, this mode of actuation prevents the detector from being defeated in a simple manner.

gher level of protection against defeat can be achieved, e.g., by enclosing-the cam and detecto

bngue-operated switches

bendability of the switch relies heavily upon the design of.the tongue and mechanism, the
b a system or systems to render it difficult to defeat by simple tools such as pliers, screwdrive

vel of protection against defeat can be achieved by<e.9. :

tal obstruction or shielding which prevents intreduction of spare actuators (see figure 5) ;

ntling more difficult.

1 2 3

hmong other

r in the same

switch shall
rs, wire, etc.

rd to render

\ I Lu—‘ﬂ . B
ﬂ

.

M%W N

A 5

Key:

g b~ W NP

Switch
Tongue
Cover

Fixed part
Sliding guard

Figure 5 — Example of protection against defeat of a tongue-operated switch

13
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5.7.3 Design to minimize defeat of proximity switches and magnetic switches

Proximity switches and magnetic switches, which rely solely on the presence or absence of detectable material or of
a magnet for their actuation, can easily be defeated. Therefore, their method of mounting shall give protection
against defeat (see figure 6).

NOTE See also 6.3.1 and reference [1], annex P.

Where there is a risk of a substitute actuator being used to defeat the system, an obstruction should be
incorporated into the mechanical arrangement to prevent the substitute actuator being used to actuate the switch
(see figure 6).

Detector —

Guard open
(Confact open Nop=defg¢ctable part

when guard deffected)
o~ Open

() / - Defector

Closed (Contact open
when guard dptected)

Detectable part

Guard cloged

a) Sliding guard b) Rotating guard

NOTE Defeating the detector is made difficult by;the presence of the guard in front of it

Figlire 6 — Examples of protection against defeat of a proximity switch or magnetic switch

5.7.4 Design to minimize defeat of plug and socket interlocking devices

Protection against defeat can be achieved/.

O by locatjng the socket so-that access to it is prevented when the guard is open [see example i} annex F,
variant )] ;

O by using a multi-pin\plug and socket system the wiring of which, being hidden, makes it difficult to festore the
continuity of the_cireuit [see example in annex F, variant a)]

O by using aplug and a socket system specifically designed for every particular application, or the spare parts of
which are-not rnndil\][ available.

NOTE The wiring shown in figures F.1 and F.2 (designated the "ring circuit") makes it necessary to use an additional wire with
a plug and a socket at its ends in order to restore the continuity of the circuit when the guard is open; this contributes to
preventing defeat.

5.8 Environmental considerations

The selection of an interlocking device and/or of its components shall take into consideration the environment (e.g.
temperature) in which they are intended to be used (see 3.7.3 of ISO/TR 12100-2:1992 and ISO 13849-1).

14
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6 Additional technological requirements for electrical interlocking devices

6.1 Com

pliance with IEC 60204-1

Electrical interlocking devices shall comply with IEC 60204-1, with particular reference to :

O 13.3 "Degrees of protection” of IEC 60204-1:1992 for protection against ingress of solids and liquids ;

0 10.1.3 "Position sensors" of IEC 60204-1:1992 for position switches.

NOTE For the purposes of this International Standard, a "position sensor", a "position detector" and a "position switch" are

considered

to be the same type of device.

6.2 Inter
6.2.1 Inte

6211 T
and 5.1 of

6.21.2 T
with claus
(see also

See exam

6.2.2 Intg

The positipn detectors should operate in opposite modes ;

O one v
ISO/M

0O the of]
of thig

See exam

NOTE This

6.3 Inter
switches

An interlod

ocking devices incorporating mechanically actuated position switches
rlocking devices incorporating one single mechanically actuated position switch

he position switch shall be actuated in the positive mode (see 3.5 of ISO/TR.12100-2:1992
this International Standard).

he break contact of the position switch shall be of the "positive op&ning operation" type, if
e 3 "Special requirements for control switches with positive opéning operation”" of IEC 60
B.7 of this International Standard).

bles in annexes A, B.

rlocking devices incorporating two mechanically actuated position switches

ith a normally closed contact (break contact), actuated by the guard in the positive mod
R 12100-2:1992 and also 3.6 and 5.1 offthis International Standard) ;

her with a normally open contact (make contact), actuated by the guard in the non-positive n
International Standard).

ble in annex G.

is a common practiceZlt-does not exclude, when justified, the use of two switches actuated in the pos

ocking deyiees incorporating non-mechanically actuated position switches (proxin
and magnetic switches)

king déevice incorporating non-mechanically actuated position switches can be used, as sho

and also 3.6

accordance
DA7-5-1:1990

b (see 3.5 of

ode (see 5.1

itive mode.

nity

vn in figure 6

and in anpexes J and K, to overcome problems arising from the use of mechanically operated switches when a
guard cari@mﬂWﬁmeWMmm@Wire a sealed

switch (or

sealed switches).

6.3.1 Equivalence with mechanically actuated position switches

When non-mechanically actuated position switches are used, the safety achieved shall not be less than that

obtainable

with mechanically actuated position switches.

Equivalent safety may be achieved for instance by :

0 minimizing the possibility of defeat (see 5.7.3) ;

15
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O using the techniques described in 3.7 of ISO/TR 12100-2:1992, especially duplication (or redundancy) and
automatic monitoring, as well as diversity of design and/or technology to avoid common-cause [common-mode]
failure.

6.3.2 Immunity from disturbance

Proximity switches and magnetic switches for interlocking applications shall be selected and used so that
foreseeable external fields do not impair their function.

6.3.3 Mutual influencing

Proximity switches shall be mounted so that malfunction caused by mutual influence is prevented.

6.3.4 Electrical operating conditions

When proxinfity switches and magnetic switches are used in interlocking devices, necessary precautions shall be
taken to prevent malfunction caused by voltage fluctuations, transient overvoltage, etc.

6.3.5 Specifjc provisions for magnetic switches
Magnetic switches used without additional measures, such as overcurrent protgetion and/or redundlancy and

automatic mpnitoring, are generally not suitable for interlocking applications, principally because they [can fail to
danger. Malfyunction by vibration shall be prevented (see 5.7.3 and annex J).

7 Selection of an interlocking device
7.1 Generdl

The aim of this clause is to advise machine designers and:type C standard makers on how to select an ipterlocking
device suitaljle for a specific application in accordance with'7.2 to 7.6.

In selecting gn interlocking device for a machine, itds'necessary to consider all phases of the interlocking|device life
cycle.

The most important selection criteria are :
O the conditions of use and the intended use (see 3.12 of ISO/TR 12100-1:1992) of the machine (see 72) ;
O the hazgrds present at the-machine (see clause 4 of ISO/TR 12100-1:1992 and 7.3) ;
O the sevdrity of the possible injury (see 7.3) ;

O the probpbility of\failure of the interlocking device (see 7.3) ;

O stopping time.and access time considerations (see 7.4) ;

O the frequency of access (see 7.5 and 7.3) ;
O the duration of personnel exposure to the hazard(s) (see 7.3) ;

O performance considerations (see 7.6).

7.2 Conditions of use and intended use

All types of interlocking device technologies shall be considered to ensure that the type of device selected is
suitable for the conditions of use (e.g. environment, hygiene) and for the intended use of the machine.

16
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7.3 Risk assessment

In order to select the most appropriate interlocking device for a given machine in definite conditions of use, the
designer shall carry out the risk assessment process (as described in ISO 14121), taking into account different
types of interlocking device until adequate safety is achieved.

The risk to be assessed is that risk which would occur if the safety function of the interlocking device were not
performed.

7.4 Stopping time and access time

An interlocking device with guard locking shall be used when the stopping time (see definition in 3.8) is greater than

the time (dalled access time, see 3.9) taken by a person to reach the danger zone.

7.5 Frequency of access (frequency of opening the guard for access to the danger,zone)

7.5.1 For
possible hindrance to the operation of the guard (taking into account the requirements of+7.2, 7.3 and 7

NOTE A clear distinction should be made between the following :

O

Each of thdse concepts is associated with an order of magnitude differing greatly as to the frequency of human
the danger zone (for example one hundred times per hour in the.case of one access per cycle, and several times
case of ocdasional access for adjustment or maintenance during’an automatic production process).

7.5.2 For
IEC 60204-1:1992) can be carried out every timetthe device changes its state, i.e. at every access.
case, therg is only infrequent access, the interlocking device should be used with additional meas
conditiona
occurrencg of an undetected fault is increased.

7.6 Perfprmance considerations

Control inferlocking devices”are safety-related parts of the control system of a machine (see 1SO 1
therefore g¢ssential that a‘control interlocking device is compatible with the machine control system, t
the requirgd safety performance, which can be specified in the relevant type C standard, is achieved.

If power ipterlocking”is used, the components shall have the suitable breaking capacity, taking int
foreseeable situations (e.g. overload).

applications requiring frequent access, the interlocking device shall be chosen to prov

the concept of frequent access required by the normal operation of the/-machine, as e.g. once per cy
products to the machine and remove finished products ;

the concept of occasional access , e.g. to carry out adjustment or maintenance interventions,
cprrective actions in danger zones.

applications using interlocking devicesiwith automatic monitoring, a functional test (s

guard unlocking [see figure 3 b) 2)], as between consecutive functional tests the

de the least
4).

le to feed raw

br for random

intervention in
per day in the

pe 9.4.2.4 of
If, in such a
res such as
brobability of

3849-1). It is
D ensure that

b account all
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A.1 Princj

One single d

Close

<

Figun

A.2 Adva

o Positive

1998(E)

Annex A
(informative)

rd-operated interlocking device with one cam-operated position
detector (see Introduction)

pte

btector, actuated in the positive mode, monitors the position of the guard (see 5.1)

Open —=<+——= (lose

@® >

e A.1 — With a rotating guard Figure A.2 — With a sliding guard

ntages

mechanical action of the ¢cam (A) on the actuator (B) of the position detector (C).

o Impossible to defeat by manually operating the actuator without moving cam or detector.

A.3 Disad

vantage

o Fails to glanger;in case of :

O wear, br

pakage, etc. causing malfunction of the actuator;

0O maladjustment between the detector and the cam.

A.4 Remarks

©1SO

0 Asthe absence of the guard is not detected, it is essential that the guard cannot be dismantled without tools.

0 Seealso:

(|

(|

18
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EXAMPLE : Electrical interlocking device incorporating one cam-operated switch (see 6.2.1)
Advantages

o Positive mechanical action of the guard on the actuator of the switch.

o Positive opening operation of the break contact of the switch (see 3.7).

Disadvantage

o Fails to danger in case of :

+h
Tt
oy
P
B
P
[¢p)
oy

O failurg-e

nd-cwiteh
o

ISO 14119:1998(E)

,:, .
TSV IteT

0 electr|cal by-passing of the switch.

Guard open

Signal processing

Guard closed

Positive opening operation in accordance with
07-01-09 of IEC 60617-7 (see annex P)

Figure A.3 — Schematic
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Annex B
(informative)
Guard-operated interlocking device with tongue-operated switch (see

Introduction)

B.1 Princjpte

The device cpmprises :

O acircuitibreaking element (D);

O a mechanism which, when operated, causes the circuit-breaking element to be bpened and ¢losed (for

electrical devices : positive opening operation; see 3.7).

A specially shaped part (tongue) is fixed on the guard (e.g. riveted) so that this tongue‘cannot be easily remmoved.

The circuit-bijeaking element only ensures the continuity of the circuit when the/tongue is inserted into the [detector.

When the topgue is withdrawn (when opening the guard), it operates.in the positive mode the mecharjism which

opens the cin

B.2 Adva
o Onlyas
o Especia
0 ontheo
O with gua
O  with gug|
B.3 Disad

cuit-breaking element.

ntages
mall displacement of the guard is needed for the detector to change its state.

ly suitable for use :
bening edge of a guard (doer);
Fds which can be removed-without the use of tools;

Fds having neither atifige nor a guide connecting them to the machine.

vantage

o Canbe tflefeated by using a tongue which is not attached to the guard.

B.4 Remark

For measures against defeat, see 5.7.2.2.

20
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Guard
Open Closed

ISO 14119:1998(E)

— | (ol

é :
\\\¥ Tongue

Ia s
@

Tongue

Figure B.1 — Device with tongue-operated switch
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Annex C
(informative)

Direct (mechanical) interlocking between guard and start/stop manual
control (see Introduction)

C.1 Princjpte

ard being
s directly
nd if it is a
e guard is

e "start/stop" manual control (in this case a lever) is in the raised position, it prevents'the g
ering the lever causes the device it actuates to positively interrupt circuit continuity (th
interrupting gower to the actuator(s) if the device is part of the power circuit, or generating a,stop comma
control device). When the lever is in the lower position, it is possible to open the guard. |As long as th

open, it prevents the lever being lifted.

As long as th
opened. Low

N
N\
N\

N
N N\
A
A
A

N\
NN
N
A

N
N
N

AN
~N
AS)

A

Key:
1 Lever Key:
"Start/stop” lever prevents the guard being opened 1 Lever
2 Toclose

Guard prevents lifting "start/stop” lever, thus preventing
restoration of circuit continuity

Figure C.1 — Guard closed
Figure C.2 — Guard open
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C.2 Advantage
o Reliability through simplicity, especially when used as a power interlocking device (see 4.1.2).
C.3 Remark

o The lever (or its equivalent) is designed to withstand the expected forces and cannot be easily dismantled. A
mechanical stop prevents overtravel of the guard.

23
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Annex D
(informative)

Captive-key interlocking device  (see Introduction)

D.1 Description

A combinatign of a switch and a lock is secured to a fixed part of the machine. The operating key is held

the moving part of the guard.

D.2 Princjple

The operating principle of captive-key interlocking devices is described by the sequence of operations

opening :

1) turn/handle to switch off (stop command is given);

2)  further turn to unlock guard;

3) opep guard (key disengages from lock).

3}

©1SO

captive on

for guard

I_I_I_I
N
\ \\/ *
Key
1 Lock and switch
2 Switch
3 Lock

4 Handle containing key

24

Figure D.1 — Captive-key interlocking device
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D.3 Advantages
o Ensures that the circuit-breaking element will be opened before the guard can be opened.

o Especially suitable when the guard is hinged or can be removed completely.

D.4 Remarks

o Can be combined with a time-delay unit. Thus, it becomes an interlocking device with guard locking with
conditional unlocking [as described in figure 3 b2)].

o Alignmgntofthe Key and fock can be aided by providing a focation pin or pins which engage in pbushes prior
to the Key entering the lock.

25
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E.1 Princi

Annex E
(informative)

Trapped-key interlocking device  (see Introduction)

ple

©1SO

A trapped-kg
element and

In a trapped-
separate as

The essentid
lock. The loc]
locked. This
cannot be re

If there is m
then a key-e
key, which is
one guard, th

Where, for t
sequence, th
box can be in

E.2 Adva

No need f
Suitable Vi

Can be ug

O O O o o

Particular
interlockir]

Personal

No reduction of integrity due to the distance between guard and control system.

yimtertockinmgdevice 1s—arm interfockingdevice Tetyingupor the transfer of keysbetweet
a lock fixed on the guard (guard lock).

key interlocking device, the guard lock and the switching element, which also incerporates
bpposed to being combined into a single unit as in the captive key interlocking device.

| feature of the system is that the removable key is trapped either in the_guard lock, or in
k on the guard is arranged so that the key can be released only when the_guard has been
pllows transfer of the key from the guard to the switch lock. Closing the-switch traps the key
moved while the switch is in the ON position.

bre than one source of power, and therefore more than ongyeircuit-breaking element to be

of a different configuration, can be released for transferto the guard lock. Where there is
e exchange box will accommodate an equivalent numper of access keys.

he purpose of the process or of safety, a number of operations have to be carried out in
en the transferable key is locked in and exchanged for a different one at each stage. The
tegral with the lock.

ntages

or electrical wiring to each guard.
hen the guard is placed‘in hostile environment.
ed when the guardican be removed completely.

v suitable when-several different types of power source are present on the machine and fo
g.
keys can be released for access to guarded areas where persons could become enclosed.

a control

h lock, are

the switch
losed and
, SO that it

actuated,

change box (D) is necessary, to which all keys have to bextransferred and locked in before the access

more than

a definite
exchange

power

1 2
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Key
1 Control element
2 Guard

Figure E.1 — Basic diagram
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oo S~ O A
o~ Z1 21z
C O Az
B
O As
D —
‘Hdoool—Lupa
;
(I
S 2]
L =y
B : Tl
Al 5 As
|:
Key
A (A1, Ax Ag) Lock(s) on guard(s)
B Lock on circuit-breaking element
XY, Z Keys
(@) Lock without a key trapped in it
/] Lock with a key trapped in it
Figure E.2 — Variant with time-delay device (C) and.key-exchange box 2) (D)
E.3 Disadvantages
o Not suifable for applications requiring very fast ac€éss times.
o Duplicgte keys can become available for defeating (see 5.7.1).
E.4 Remark
o Delay hetween opening of the circuit-breaking element and unlocking of the guards is ensured mere
transfef time (increased, if necessary, by a time-delay device).

ly by key-

2 A key-exchange box is required when either a guard is interlocked with two or more machine controls, or two or more

guards

are interlocked with one machine control.
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Annex F
(informative)

Plug and socket interlocking device (plug/socket combination)
Introduction)

©1SO

(see

F.1 Principte
Circuit break|ng by unplugging.

A plug and af socket (or base) are used as an interlocking device, one part mounted on the machine, the| other part

on the guard

F.2 Advaptage

Reliability through simplicity.

F.3 Disadvantages

Generally not suitable for applications requiring very frequent access.

1
| 6
Ll
2
7
3 !
L] L]
A
8
5 /l
9
Key
1 Fixed guard 6 Multi-pin fixed connector
2 Movable guard 7 Toolproof base (spot-welded nuts or screws)
3 Shortest possible cable 8 Ring circuit
4 Chain 9 Multi-pin removable connector
5 Fixed guard

NOTE Pins and sockets are accessible when the plug is removed from the socket. It is then easy to complete the circuit

using electric lead(s) when the guard is open.

A possible measure to prevent this method of defeat is by the use of a multi-pin connector. Since the wiring arrangement is
complex, it is more difficult to restore the continuity of the circuit when the guard is open.

Figure F.1 — Variant a) hinged (rotating) guard

28
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| Open

— Guard

|

S 1

Ring circuit

NOTE 1 Bgth pins of the plug are linked to ensure that, when the guard is\closed and the plug inserted into the socket, the
circuit is complete.

NOTE 2 As the plug remains fixed to the guard and the guard covers the socket when open, it is not possible|to restore the
integrity of the circuit by inserting a bridging link into the socket.

Figure F.2 — Variant b) laterally sliding guard
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Annex G
(informative)

Guard-operated interlocking device incorporating two cam-operated
position detectors (see Introduction)

G.1 Pringpte

One detectol is actuated in the positive mode. The other one is actuated in the non-positive mode (see 5.1).

G.2 Advantages

o Duplicatign of detectors avoids failure to danger in case of a single fault.
o Diversificgtion of redundant components reduces the risk of common-cause failure.

o The non-positively actuated detector detects the absence of the guard.

G.3 Remark

o0 Without monitoring, one faulty detector remains undetected,”until a fault in the second detector rgsults in
failure to ¢langer.

Figure G.1
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EXAMPLE : Electrical interlocking device with two cam-operated switches (see 6.2.2)

Guard open

ISO 14119:1998(E)

I
~ L
o] ||
19
‘ |
| |
| |
| |
S
Guard closed LiffiJ

Signal processing includifig
(possibly) automatic mépitoring

Positive opening operation in accordapeg-with
07-01-09 of IEC 60617-7 (see annex R)

Figure G.2
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Annex H
(informative)

©1SO

Mechanical interlocking between a guard and a movable element (see

Introduction)

H.1 Princpte
Direct mechdnical interlocking between a guard and a hazardous movable element.

The function |ensured is that of an interlocking guard with guard locking.

sed

1
,17 L] )] )7777) -
2 2

Key Key
1 Guard clospd 1 Guard open
2 Movable element free 2 Movable element blocked

As long as thesmovable element is not at rest, the As soon as the guard is no longer in the clo

duardis locked in the closed position position, the movable element is blocked
Figure H.1 — Guard closed Figure H.2 — Guard open

H.2 Remarks

0 The application is limited to very simple mechanisms.

o0 Manual positioning of the movable part may be required to make it possible to open the guard.
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Annex J
(informative)

Electrical interlocking device incorporating magnetically actuated
(magnetic) switches (see Introduction)

J.1 Prircipte

A coded magnet, fitted to the guard, actuates a normally open and a normally closed Reed switch:

J.2 Addantages
o Compdct; no external moving parts.
o High rgsistance to dust, liquids.

o Easily kept clean.

J.3 Disadvantages
0 Sensitiye to electromagnetic interference.
o No posjtive opening of contacts.

o Possible contact welding in case of avercurrent.

Guard open
[ ‘ Coded
‘ ! magnet I::I I::I
Signal processing
Guard closed (including automatic monitoring)

Figure J.1
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J.4 Remarks

0 The disadvantages quoted above make it necessary for the magnetic switches to be automatically checked at
each switching cycle, and for overcurrent protection to be provided (see 6.3.5).

0 The device is designed so as to require a coded magnet in order to be actuated. This prevents it being defeated
in a simple manner.
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