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ISO 14119 Safety of machinery — Interlocking devices associated with guards
— Principles for design and selection
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ISO 14119 3d Edition preFDIS — cRETHIE

Foreword

... The main changes are as follows:

— ISO/TS 19837 has been integrated as new Annex K with specific requirements for Type 5 interlocking
devices - “trapped key interlocking devices” (see definition 3.18.1);

— trapped key interlocking systems and type 5 interlocking devices have been defined;
— Table 5 has been improved and renamed;

— test procedures are described in new Annex |;

— ISO/TR 24119 has been integrated into new Annex J.

v ’MYITRF—A2F-OvIREZI1T5A 2 A-OVvIRELLTEREL. BEITIERFBIENZERIGENMEINDEED
(C. ISO/TS 19837MAEHAnnex KIKTEENE

N LOEMENEIE I DIHEDBIMDARICDOVTOR (Table 5) ORENREINSE
RERFNEDEEEN Annex (EL TGENIENTZ

ISO/TR 241190 E N Annex JELTHREEINIE

AN NI
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1ISO 14119:2013
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Operating principles and
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. Requirements for the design and the

of interlocking

ISO 14119 3 Edition preFDIS
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interlocking devices with and without guard locking

. Selection of an interlocking device
. Design to minimize

. Information for use
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8.
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. Scope
. Normative references
. Terms and definitions

. Operating principles and of interlocking devices

associated with guards

. Requirements for the design and the of

interlocking devices with and without guard locking
Selection of an interlocking device
Design to minimize

10. Information for use

v SRR ORESREE(IRUVN, Y1 T5A -0V IREBESAECERETHDESEMEZ TS
v E5&8. 9 (ISO 14119:2013ME L7, 8ICHHY) (IIFICKEZINE(EIEESNTULS
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ISO 14119:2013 ISO 14119 3 Edition preFDIS

Annex A (informative) Type 1 interlocking device — Examples Annex A (informative) Type 1 interlocking device — Examples

Annex B (informative) Type 2 interlocking device — Examples Annex B (informative) Type 2 interlocking device — Examples

Annex C (informative) Type 3 interlocking device — Example Annex C (informative) Type 3 interlocking device — Example

Annex D (informative) Type 4 interlocking devices — Examples Annex D (informative) Type 4 interlocking devices — Examples

Annex F (informative) Example of guard locking devices Annex E (informative) Example of guard-locking devices

Annex G (informative) Application examples of interlocking Annex F (informative) Application examples of interlocking devices
devices used within a safety function used within a safety function

Annex H (informative) Motivation to defeat interlocking device Annex G (informative) Motivation to defeat interlocking devices

Annex | (informative) Examples for maximum static action forces Annex H (informative) Examples for maximum static action forces

v MiEE (RRE) EUTEUIFMEMENT

e Annex | sBEFIE (ISO 14119:2013DEEE5.7.40NB%#GS-ET19REZBECHRREIE THIEEZ LU THIT)
e Annex) BETIELEEDA I A-—OVIEREBEDI - IEHEREOIA—ILMNAF UM (S8t : ISO/TR 24119)
e Annex J FoYTRF—A>4-0OvI3 2T (S8BT : ISO/TS 19837)
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ISO 14119 3rd Edition preFDIS — JE &R

1. Scope

This document specifies principles for the design and selection (independent of the nature of the energy
source) of interlocking devices associated with guards and provides guidance on measures to minimize the
possibility of defeat of interlocking devices in a reasonably foreseeable manner.

This document covers principles for the design, selection and application of the following:
— parts of the guards which actuate interlocking devices;

— trapped key interlocking devices and systems for machinery applications.

v SIENICFREIRERSETOEM O EEEERIHR T DA RICDOVTOHA(IVANEGFNBENBAEE SN
vV ’NWTREF—AA—OWIRELZDI AT AN RICEEFNDLICHOE

HiBEWEBEEHS (2024.2.21F4E) 11
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ISO 14119 31 Edition preFDIS — K

<%2|§}5ﬁ EE Figure 1 — Example of an interlocking device
3.1 interlocking device (1>7—0OYJ&RIE) Y
interlock (1>%5—0v%)

mechanical, electrical or other type of device, the purpose of which is to 2
prevent the operation of hazardous machine functions under specified 6
conditions (generally as long as a guard is not closed)

1 guard

2 interlocking device

3 actuator

* Direction of opening.

3.2 interlocking guard (/>%—0OY7{FEH—R)

guard associated with an interlocking device that, together with the control system of the machine,
the hazardous machine functions with the guard until the guard is
closed; if the guard is opened while hazardous machine functions are operating, a command to bring the

a stop command) is given.

vV AA-OYIREDERREFigure 1(CZEFE (720
vV A A—-OYIMTEH—ROEZIRIRNREIN. ISO 12100 (JIS B 9700) EIFEBRBEDEROE

HEGEWEBEES (2024.2.21531&)
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<EKH:EE
3.9 (fIERAYF)

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

3.10 actuator (7/JF1I—%4)

separate part of an interlocking device, which transmits the state of the guard (closed or not closed) to the

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

L gies
A | 1 o ’ﬁ e ﬁ
. i 8
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i
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7
2
& 4
b 6

TypeT interlocking device Type2 interlocking device Type3 or 4 interlocking device Trapped key interlocking system

@ .
O

1 movable guard
2 interlocking device

3 actuator

l4 position switch l

5 actuating system

6 output system

7 intermediate key transfer

8 Type 5 interlocking device (access lock)

9 Type 5 interlocking device (key operated switch)
10 trapped key interlocking system

(comprising two type 5 interlocking device)

v position switch (fIZEX(YF) OEFEIFhTIGENENG
v 7IF1I-ADERICEEFRR

HEGEWEBEES (2024.2.21531&)

14



aifl

ISO 14119 3rd Edition preFDIS — FHE - T

<BAXH:E IAT >~y EBDH)
3.14 type 1 interlocking device (9171124 —-0Ov)%EE)

interlocking device with mechanically actuated position switch with uncoded actuator

3.15 type 2 interlocking device (51721 >4—-0Ov/I%iE)

interlocking device with mechanically actuated position switch with coded actuator

Btads

3.16 type 3 interlocking device (91731 >4—0Ov/JiEE) 9479 rERY
interlocking device with non-contact actuated position switch with uncoded actuator i ‘
3.17 type 4 interlocking device (517414 >4—0OvI%EE) e Ly E D

interlocking device with non-contact actuated position switch with coded actuator

V AL TN~ T - Oy RBEDERCEE TR0

BYREE © https://www.fa.omron.co.jp/product/special/safetynavi/safety_standard/iso14119_point/interlock_type/

HEGEWEBEES (2024.2.21531&)

15



L B —
B-TEFH:

aifl

ISO 14119 31 Edition preFDIS — K

<EAXFEE
3.18 trapped key interlocking system (hSYTRF—A>A-0YI3 AT 1)

system fulfilling safety function(s) or part of safety function(s) and comprising at least two different Type 5
interlocking devices which work together through the transfer of a key

3.18.1 type 5 interlocking device (947549 —0OvIEE)
trapped key interlocking device (FSYJRF—1>A—-OVIEE)

device, which fulfils a function by trapping or releasing one or more keys in a given trapped key interlocking
system

v NI RF—AA-OVIEBENIA TS5 A-OvIEREELU CEEINE
vV AALT5A -0y EZFRAVSRIATLAELT, MW T RF—A>A—-OVIS AT ANERING
v COABIZE. ISO/TS 19837 TR TWVe "W T RE—4( >4 -0y R BB EOHEEN S ERINT

HEGEWEBEES (2024.2.21531&)
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<HENCEE>

3.5 defeat (ZEXNML)
defeat in a reasonably foreseeable manner (SIE2M(CF R OJEERFEICLDERNL)
action that makes interlocking
devices inoperative or bypasses them with the result that a machine is used in a manner not intended by the
designer or without the necessary measures

v defeat (FERNE) (CBITZ2DMDAIFE (defeat. defeat in reasonably foreseeable manner) Z#t&S
v’ readily available objects (B%(CHIAHBIGEREMD) ELTHIRESN TLD I ZFRYIOBIILLFHSZEERL
« screws (AU) needles (&) sheet-metal pieces (EEFH)

- objects in daily use (HETFHERIZHD)
5 : keys (82) coins (J1>) adhesive tape (#&T—) string (O6) wire (J117)

HiBEWEBEEHS (2024.2.21F4E) 17



Frif
i

ISO 14119 31 Edition preFDIS — K

<d—MME7HF 1T —HREE>
3.11 coded actuator (J—RMt7UF1I—%4)

actuator which is specially designed (e.g., by shape) to actuate a certain position switch
3.11.1 low-level coded actuator ({KLAN)LI—-RME7IF11—%5)

coded actuator for which 1 to 9 variations in code are available

3.11.2 medium-level coded actuator (FFLANJLI-RME7IF1IT—%)

coded actuator for which 10 to 1000 variations in code are available

3.11.3 high-level coded actuator (FLN)I-RME7IF1I—45)

coded actuator for which more than 1000 variations in code are available

v 1-ME7IF1I-ADL AN EDT— REICEE(FR0
v E1RDI-RO7IFIT-AZEIHEICE. 125—OVIEE TEOFHINREND
(B2 —RTHBRENHIRITED) BEOTHDIEMNEMENT

HEGEWEBEES (2024.2.21531&)
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<TA—=IVNYRF> T EEE>
3.33 (TA=INZF> )

unintended resetting of faults or preventing the detection of faults in the safety-related parts in the control
system (SRP/CS) by operation of parts of the SRP/CS which do not have faults

3.34 (EEEER)
electrical switch contact in which electrical power is not directly provided by the device
3.34.1 (S-S NRE)

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

v ISO/TR 24119THOTWEIA—=IL NN AF I (CRET DHEBENERINT

HEGEWEBEES (2024.2.21531&)
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1ISO 14119 3rd Edition preFDIS — & EZME

5. Operating principles and

(I —REEBT B> A0V IEEDIEBNIRERUS1T)

5.1 General

5.2 Principles of guard interlocking without guard locking
5.3 Principles of guard interlocking with guard locking
5.3.1 General

5.3.2 Interlocking device with guard locking

vV AA-OvIEREOMEZ RUERINET SN, 91 TED
A9 —Ov)EE DR K DBRFE(C ATz (5.1)
v A14T5menEnz (5.1)

of interlocking devices associated with guards

Table 2 — Overview of interlocking devices

Example
Tvpe Actuation Actuator Guard
yp principles monitoring Actuation Actuator Annex
principles Clause
Rotary cam Al
Type 1 Mechanical Uncoded direct ?ﬂl;izlcal contact / Linear cam A2 A4
Hinge A3
) . Physical contact / |Tongue +-(-shaped B.1
Type 2 Mechanical Coded direct force
actuator)
Magnetic Magnet, solenoid C.1
Inductive Suitable ferric metal
[Type 3 Non-- contact Uncoded direct Capacitive Any suitable object
Ultrasonic Any suitable object
Optic Any suitable object
Magnetic Coded magnet D.1
Type 4 Non-- contact Coded direct RFID Coded RFID tag D.2
Optic Optically coded tag —
rvpe 5 Mechanical Coded indirect or shaped {iﬁﬂ&i
yP (Trapped key) direct P —

=

HEGEWEBEES (2024.2.21531&)
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6. Requirements for the design and the arrangements of interlocking devices with and
without guard (— RiEEETC X (FHEFERLA >F—0OvIE=BEDEET RUFRIEDIZHDEKEIR)

6.1 General

6.2 Arrangement and fastening of position switches
6.3 Arrangement and fastening of actuators

6.3.1 General

6.3.2 Cams

6.4 Actuation modes of interlocking devices

6.5 Mechanical stop

6.6 Additional requirements on guard-locking devices
6.6.1 General

6.6.2 force

6.6.3 Electromechanical guard-locking device

6.6.4 Electromagnetic guard-locking device

v A4 T5CEBRATERSORNMEBEINL (6.2)

v A A-OVIRERH — RieiE=EZmechanical stopbUTHERATIIHEDEFEL T, Annex IICEDEHIIEZD
lBZz{E A _LDBEHRTRI ENRDESN DL (6.5)

v holding force (R¥F1) EUTIREINTV\ e B DRt Z #5991 M locking force (F,,) ELTER®HHN.
ZOREDLEOFINEFANnex ICEHENT (6.6)

H#SEWEBEES (2024.2.2151&) 22
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6. Requirements for the design and the arrangements of interlocking devices with and

without guard (' — RN (SHEFER LA > —OvI=E DT RUHEDIZSHDEKEIR)

6.7

6.7.1

6.7.2

6.8

6.9 Supplementary releases

6.9.1 Escape release of guard locking
6.9.2 Auxiliary releases of guard locking
6.9.3 Emergency release of guard locking
6.10

v FAT5(C T BEMOERFIENESHSNT (6.7)

v BEBHEERPRINAOERDIRENDOURINDI [HEKDIc LT ZOIMISEREL TILT5A -0V IS AT ACHBIFS
personnel keysDfEF. — Rt EDescape release. interlock blocking devicehMIE D5z (6.8)

v emergency releaselCDU\T. (X1htEEE/EN D EEEE. BN HEEE/ B DEREEDS AT ATIFBEFO7ICANTF REN 315
SlcfRBINERsRVZENIAzEEEN (6.9)

v FHACHEIREIGLIEDSODFEREU T, 129 —-0vI0H — Rt t&EE (CBREZ 5 X U\ S Xinterlock blocking
deviceZzfmAdZENBIgEEENTE (6.10)

HEGEWEBEES (2024.2.21531&)
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7. Selection of an interlocking device (>45—0OY/&EEDFEIR)

7.1 General
7.2 Selection of a guard-locking device
7.2.1 Overall system and access time

7.2.2 Specific requirements for selection of guard-locking devices
7.2.3 Selection of supplementary guard locking releases

7.3 Environmental conditions considerations

7.3.1 General

7.3.2 Influence of dust on Type 2 interlocking devices
7.4

v H—RiEEEfIEA 27 —-OvI=EDEIRICEIL T, overall system response time (overall system stopping
performancel(ZEEE) ZEEBIIRCEBFREKRIFOHZHIELD., 7ITUT—2a2IdEUlcmaximum expected
force (Fyay) Mlocking force (F,,) ZHEBIRVCENBAFECSKkDHBNBLI(CHROE (7.2)

vV AL T51AA-OvIERBEPEDI AT AICRET3EFEEIEMNEMEIN: (7.3, 7.4)

HEGEWEBEES (2024.2.21531&)
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8. Design to minimize the motivation to defeat (FEXNLOENEZHR/IMLT D:%5T)

8.1 System design

8.2 Methodology procedure

8.3 Additional measures to minimize possibility of defeat

8.4 Additional measures to minimize possibility of defeat for type 5 devices
8.4.1 General

8.4.2 Key retention

8.4.3 Reproduction of keys

v defeat possibility (ERNEOBIEEME) TIFL, motivation to defeat (FEXNLOENHE) %H/IMETBIHD
12— Oy IREBEDERE T BAF(CRI T 2 EIZE VMBI TR ENEEMICREEINE

v M EDENMEZBRE N FER/IMETDHDFREL T, %51 AREDEEMET - FOERERZBITINEIEN
BRsEENE (8.2)

v SN EDB]EE Itz &=/IME T BIBIND S ROUED THDnon-detachable fixing (BRINAFIEEREEER) D
BlIRMNENNENBEEE(C, non-detachable fixing&ERBENRLVIIBIBEZ SN (8.3)

v ASA-OYIERBEDIATZEMENMD A RHZIEEULROEHN REINT (8.3)
v 1TS54 AA-Oy)EBEOEE ORI aE DR/ IMEDID DT HRMNEES N (8.4)

HiBEWEBEEHS (2024.2.21F4E) 25
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8. Design to minimize the motivation to defeat (FEXMbOENEZER/IMET D5%ET)

8.3 Additional measures to minimize possibility of defeat

c) Prevention of dismantling or de-positioning of the elements of the interlocking device by use of non-detachable fixing
EXAMPLE

Considered as non-detachable fixing in this context are:

— welding;

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

— one-way screws;

— riveting;

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

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

v' non-detachable fixing (BSMUABIEERBIER) tHBRENBFINEZRESTOREEELRD. LT HENN
» wear out the slots of the head of screws to prevent their removal (ERDIMERWKLSRRUSEDEER)
- filling (with plastic, resin, coverages or caps removable only by destruction or a metal ball) the opening of bolts and

screws (BEEEURIFNIEEMERVESIBRTIZAFVY. #ilE. Ty A0, @BERZRAVVERILS. RUOBOSD*DFEE)
*RUBEDTNDERTY
v gluing (3&8) (CRAUT. BE EWWEEMEZFEDRINEIFRETERVEERN) &
XI5R (thread=RULL) ZBRHEICT BECRHMENN

HEGEWEBEES (2024.2.21531&)
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8. Design to minimize the motivation to defeat (EXNLOENHEZER/IMEL T B5%5T)

8.3 Additional measures to minimize possibility of defeat

c) Prevention of dismantling or de-positioning of the elements of the interlocking device by use of non-detachable fixing
EXAMPLE

Not considered as non-detachable in this context are:

— filling screws and bolts with hexalobular socket or similar and a pin in the opening, because tools for these screws are readily available,
except when the pin has been bent after installation.

— filling use of easily detachable blocking substances, e.g., caps, wax, tamper proof labels.

v' non-detachable fixing (BRZNABIGEREITEE) LEHBRENBOWFINERZICEEE
« filling screws and bolts with hexalobular socket or similar and a pin in the opening ... except when the pin has been
bent after installation
RIBRCEVHRIITSN TORVEATOAITOE 1 57 P ZNICEEMLIEEDOZ BV R UL MDFEIE)
*LWHDB MLIARL
 filling use of easily detachable blocking substances e.g., caps, wax, tamper proof labels

(FryT DWIR, eREABBLIESNIBEDREEICERDSME 2 FER TOFEIE)

HEGEWEBEES (2024.2.21531&)
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8. Design to minimize

8.3 Additional measures to minimize

Table 5 — Additional measures

Type 2 e2 ed Type 4 e5 Type 5
Principles and Type 1 Type 1 = Typ B 3.rp B4 yp
|measures Reference |- hinged  |Hinged Low/ High Type 3 Low/ High Low/ High
8 medium coded|coded medium coded|coded medium coded|coded

JAdditional interlocking B -
device and plausibility check 5:98.3d) 2) B B B . .
[Mounting out of each . -
(see Eigured@)Figure 10)  [Poo-o ) 1)
Ph-ystc.a.l obstruction/ lea983a)2) X
|sh1eldmg
Wounting o hi X X X X

ot.}r}tmg in hidden l5.95.38) 3)
position
[Status monitoring or Ha -
cyclic testing F=8.3d) 1) .
[Non-detachable fixing B 0\8 3 0) M M M M M M
of the actuator R
?Ion—deta‘chable .ﬁxmg of the 3 383 0) R R R R R R
Fnter]nckmg device —

on-detachable fixing of the
interlocking device and the [53¢:8.3¢) X M

ctuator

INOTE

- The medium coded actuator from Type 5 can be treated as high coded providing duplicate coded actuators are not readily available.

- If duplicate medium-level coded actuators are available on one site, they are treated as low-level coded actuators for this table.

- For trapped key interlocking systems, this table applies to access locks and bolt locks only.

- For switching devices with an electrical connection providing a safe state upon dismounting or disconnection, the non/detachable fixing is not required.

- This table is intended to be used for the selection of appropriate measures against defeating of interlocking devices. According to the risk assessment the application of more than one of the

indicated measures can be necessary.
ey

[X atleast one of the measures

M mandatory measure
R recommended measure based on an assessment on the motivation for defeat (see Annex GiAnnex G)

HEGEWEBEES (2024.2.21531&)

(HEN DB T /) ME S $5%5T)

depending on type

M EOBIFENMFIELEIT DIZE D
FLDDODTJ" RIDECEIENZEEINT
“position switch"MEEH

“interlocking device"(CEX&HSN T

BUSI - AETHRESN TN T1EI1 T30
MENDIBNTE (FAT1OME FZEHEL)
FALT3D"X" (WEE—THRZER)
hSnon-detachable fixinghViR</xofz

H4T2, HATACBNTL > -0y IEEDnon-
detachable fixingh""R" (L SHRK) Lok
NowT RF—1>A—-OYvI3 AT LAICRET2E RS
IHEUTEEHEINTVIAREN, 517560 Teksd
511, Low codedMEMNEN3LEBICATHR
[Exy i

28



1ISO 14119 3rd Edition preFDIS — & EZME
9. control (FEIZ AT AL TR EREIR)

9.1 General

9.2

9.2.1 Assessment of faults

9.2.2 Fault exclusion

9.2.3 direct and non-direct mechanical action
of the position switches of Type 1 interlocking devices

9.24 diversity

9.3 Release of guard-locking device

9.4 Series connection of interlocking devices

9.5 Electrical and environmental conditions

9.5.1 General

9.5.2 Performance considerations

9.5.3 Immunity from disturbance

9.5.4 Electrical operating conditions0

9.5.5

v PLeX®SIL3DA > A—OvIRLEEIC U TE. REDRRINVZEH TERHGEaN DI CENTRIZEENZLS(CHoE (9.2)
vV BAALTOAA—-OvIEE LS — R E (I DM R EZEDBRIMC DV TOBEGNREESINSE (9.2)
vV A A—OWIEBEDIN) - EGEIREOIA— LN AFJICEEU T, Annex JOIRTERZEEIDLIICEASEE SN (94)

HEGEWEBEES (2024.2.21531&)
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1ISO 14119 3rd Edition preFDIS — & EZME

9. Requirements for the control system (FHIZ AT AICT T BEKREIR)

9.1 General

... Where an interlocking system requires PL e in accordance with ISO 13849-1, a designated architecture of category 3 or 4
is required. Where SIL 3 in accordance with IEC 62061 is required, a minimum hardware fault tolerance (HFT) of 1 is
required. ...

9.2 Assessment of faults and fault exclusions

9.2.1 Assessment of faults

.. I, for detecting of a fault, a manual test (e.g., opening of a guard) is necessary, but frequency of access to the
safequarded area is seldom, the following intervals shall be chosen:

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

— at least every 1 month for PL e (according to ISO 13849-1) or SIL 3 (according to IEC 62061).

The control system of the machine should demand these tests at the required intervals, e.g., by visual display unit or signal
lamp. If implemented, the control system shall monitor the tests and stop the machine if the test is omitted or fails.

v AH-OYIS T LICPLeSKHBNDEE(FHATTIINMDIEEN . SIL3NKDHSNDESFHFT=1H3KeHENSD
v BEZIREIIHOFERERNROSNDIZEZIAGE . TOMREBDIPLELUNTIVORFZREL
v FEREREREFOFEIS AT ACBITD2REN, JFEHSAREERBIR(CEE SN, AXICECH
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9. Requirements for the control system (FfHIZ AT AL T REKREIR)
9.2.2 Fault exclusion
9.2.2.1 General

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

Fault exclusions shall only be applied where devices are used within the limits specified by the manufacturer (see 10.2).
The requirements for fault exclusion shall be maintained during the lifetime (mission time of a device), taking into account
influences, e.g., wear, sub-surface defects and fatigue of mechanical parts, which degrade the properties of a device.

v [EEOBRSIOFHI(E, HMERPEXRBERCITEER BMERXPZEEXOIATLAEMRICEZIFND
v BEOBRIME. A 25-OvIRBEOREEN R I HIIRATERAINSIZSCOHERARIEETHD

vV AA-OYIREBEDEEZEDFRINDEMFE, 125 -OvIREBED R T Z2IBEOREBERZZEE UL T, mission
timeZiBU CHERF SN ENHS
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9. Requirements for the control system (FfHIZ AT AL T REKREIR)

9.2.2 Fault exclusion
9.2.2.1 General

Fault exclusion on mechanical parts shall be based on the technical improbability of occurrence of such faults. The
improbability of these faults shall be justified based on FMEA and according to 9.2.2.2 to 9.2.2.6.

To reach PL e or SIL 3, an interlocking function shall not rely entirely on fault exclusions. In case of a fault exclusion for
interlocking functions intended to reach PL e or SIL 3, the interlocking device shall exhibit a dual channel structure or a
category 4 behaviour to the majority of its architecture. Individual parts in the architecture of an interlocking device may
be of single channel structure. If it can be proven that the single channel part cannot fail before other dual channel parts,
e.g., through over dimensioning, a fault exclusion is permissible and will not limit the PL or SIL. ...

v AA—-OYIREEEDPLe/SIL3%Z. FEEDPRINDOAHAMKIFU GER T DL TERL)

v A2H—OYIHEEE TPLe/SIL3ZIERK S BI2HD. 12— OV IEREICT T DEZEDFRIMDFZAFZLL T OLICARTE

o AA-OVIEBOEEDAESD N dual channeligiE TRIFNIERSZL)

- EBEED—EBH'single channelt@iEERBIZEIC(E. single channel parthidual channel parts&DHEREEFELRNCEN
SEBATES
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9. Requirements for the control system (FHIZ AT AICT T BEKREIR)

9.2.2.2 Mechanical fault exclusions for Type 1 interlocking devices
For Type 1 interlocking devices, fault exclusion for their mechanical parts shall not be applied.

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

For Type 2 interlocking devices, the following faults of their mechanical parts can be excluded:

— Damage (breaking) and wearing of the actuator and the actuating system due to misalignment, only if additional
mechanical alignment elements prevent the actuation of the position switch outside the limits of misalignment specified by
the manufacturer. ...

Where not all mechanical faults can be excluded, an interlocking system applying Type 2 interlocking devices and requiring
at least PL d in accordance with ISO 13849-1 or SIL 2 in accordance with IEC 62061 shall be implemented by the
integration of an additional interlocking device of any of the Types 1 to 4. Application of diversity is recommended.

v LT A—-Ov )BT I DHmEY R EE ORRIMIBERE TN
v = REEEEIRLODIA T24 > A—-OvIEREBEDRZEDFRINOWVT, UITFOLIICKRE
« misalignment(CL D7 IF 1T -HEFENZ AT LOWHE(E. LT DIZE(CEBRINTESD
o BHINOBEMEY Y 54 A MEZR(ICLHTEIEEMMETE Uiz misalignmentDHIES TOMIEBR (v FOIEEN ZFHL TS

o BHIDOEMREI 74 A NEZR(IT, 15— 0OvIEEDmission time®. — ROVEENRFICAETESN R A ED2MED ]
(U TEM THALOICGERET REIND

o ETOHRHKIFEENRINTERVPLANSILLOS AT LADZE 94 T1~AFTOMDEINDA > —OVIRBEZRITDIE
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9. Requirements for the control system (FHIZ AT AICT T BEKREIR)

9.2.2.4 Mechanical fault exclusions for Type 3 and Type 4 interlocking devices without guard locking
For Type 3 and Type 4 interlocking devices, fault exclusion for their mechanical parts is only applicable for the fastening of

the position switches and the actuators. The fastening shall be in accordance with 6.2 and 6.3 and with the manufacturer's
specification. ...

v H—REEERULDAA T3, 91 T4 5 -0V IR BEDEEDIRIME. MIBRAAYFORBEIEEL7IF1I-HTHUTOH
O] RE

v 9L T3, 4 A-OvIERBDOETFEE (L., F5%6.2. 6.3 UVRLMEEDEFRICEDVWTULRIINIERS
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9. control (FIEIS AT AT I B EREIR)

9.2.2.5

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

Damage (breaking) and wearing of the actuator and the locking element (bolt) due to misalignment or excessive forces,
only if additional mechanical alignment elements prevent that forces exerted on these elements exceed the limits of
misalignement specified by the manufacturer. ...

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

Breakage of locking means shall be detected at the next opening of the guard when the locking function is activated. This
shall lead to an immediate stop command and the restart is not possible until the locking means is restored.

v - RieEEEREDEZEDFFRINCOVT., UFOLIIRE
«  Misalignmentt®BREIE(CLD7IFIT-HEOVIEZR (NILE) DRI LUTOZSICEFRIINTED
o ENOHEMEY 7 T4 XD MEZRICL O TRIEBENMEE UlcmisalignmentDl R _EDRIEZFHLTLS
o BINOEMREY 754X NEZR(T, H— RIEEEERE Dmission time™, fEEEHEADFHIPREED2E(CHUTEM THDL
JICERET - EREBEIND
o JEFEFELOEPENRDH — ROERIREF (AR SN, BEEICEILIESZFK T DELb(ChuitF RN ISRV RD B EI LR
O TUNIL, FEEDBRIMEIKDSNL
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9. control (FIEIS AT AT I B EREIR)

9.2.2.6

... In Type 5 interlocking devices, a single channel architecture in accordance with ISO 13849-1 is typically used for the
mechanical parts, and the detection of their faults by the control system is not always possible.

For Type 5 interlocking devices, systems according to category 3 and 4 of ISO 13849-1 or HFT1 according to IEC 62061

shall be achieved by one of the following:

a) By implementing two interlocking devices;

b) by single channel interlocking devices providing they achieve the relevant category behaviour. ...

c) by single channel interlocking devices providing that all possible faults are evaluated and that any dangerous failure
modes are either eliminated or proven to be technically improbable (highly unlikely) as follows: ...

If all single faults that cause a loss of the safety function are excluded, category 3 behaviour may be assumed and a DC is

not necessary. Because there is no occurrence of faults that can lead to loss of the safety function, a maximum

performance level (PL) = d may be assumed for the entire system.

In order to achieve performance level e (PL e), category 4 behaviour is required.

v H14T54 2 -DvIRBDREDMRIMNZER T 2155 D5AZ25C
v A4T54 -0y IEEZAVZHIIS AT ATPLAOPLeZIEMK I DIcDDEZXHFEEDH THE
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10. Information for use ({fEfA_ED|EER)

10.1 General

10.2 Information for use given by the manufacturer of interlocking devices
10.2.1 Marking

10.2.2 Instructions
10.3 Information for use given by the manufacturer of the machine

v AA—-Ov)EEDERLEE MR T BInstructionslcBUVT. FEEDFRIMCEEITI—ED., H— RIEFERE(C

locking forceMESRMEBENMEEEN TLRVCEICRAT R ES(CEAT 2B EZIRIE T B ENFTZ(CRDBNBLS(C
2oz (10.2)

vV HEmERLSEENMEMIBER LOIBIRICEWVT. Moy TRF—A(24-0OvISZFTAICHIFERF—DOEDIRWVCET I BIE
Rz SHdENBAEEENTE (10.3)
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Annex A (informative) Type 1 interlocking device — Examples (91714 >4—0v7&EE—1HI)
Annex B (informative) Type 2 interlocking device — Examples (5127241 >4—0Ov)%E—H1)
Annex C (informative) Type 3 interlocking device — Example (91731>A—0v7&EE—HI)
Annex D (informative) Type 4 interlocking devices — Examples (517441 >4—-0v7&E—HI)

Annex E (informative) Example of guard-locking devices (5i—RiEfE=EDHI)

Annex F (informative) Application examples of interlocking devices used within a safety function
(ZEHEBEE U TEREN A > —0Ov IR ED Y TUT—23245)

Annex G (informative) Motivation to defeat interlocking devices
(1>A-OvI=REDEIMEDBINE (REREDEINL) )

Annex H (informative) Examples for maximum static action forces (G AERIVEIESIDH)

v Annex A~FICBIFTRA>A—OVIZEBEPZOT7 IV -3 4, Annex G. Annex HOARE(ICAKEIRZEE (40
v Annex BICEFNTWW ;YT RE—(CEET2HIRGHIBRENTE (D1T54>45 -0V E(ICEI I B2Annex KICER)

v HEIREYA > -0y TLVZl Examples of other interlocking devices (ZDMDA 25 —0OvI=EDHI) 1(CES

g BAnnex(FHIBRENTZ
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Annex | (normative) Test procedures (GRE&F/IE)

1.1 Locking force test
1.2 Impact resistance test

v - RiEEEEEEDlocking forcelc BT 2tERD BN RESNE (1.1)
v RiEE D mechanical stopbU TDERZERHDA > A—OVIRE X (EH — MitE<E (X 3 DM@l R0E4H
RESNZ (1.2)
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Annex J (normative) Evaluation of fault masking in series connections of interlocking
devices with potential free contacts

(BEBEEERZE DM I-OVIEREDI) - R D IA— )L M AF > 5%4ih)

J.1 General

J.2 Fault masking

J.3 Methodology for evaluation of DC for series-connected interlocking devices
J.4 Limitation of DC by effects of series-connected devices

J.5 Avoiding fault masking

J.6 Application examples in an integrated machinery system (IMS)

v ISO/TR 24119:2015ELTRITESNTL e potential free contact (BEEEIER) 2621 F-OVvIEEDIY—X1E
(T ITBTA—INRAF I # IS 2BRDH 1 RO IEE GRTE) cLTREINE

v A= N ZAF > oEEESECOVWTERREEENTE (U.5)
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Annex J (normative) Evaluation of fault masking in series connections of interlocking

devices with potential free contacts
(BEBEEERZE DM I-OVIEREDI) - R D IA— )L M AF > 5%4ih)

J.1 General Figure J.3— Figure J.6 —
J:Z Fault masking Reduzdant arraa;lgement B\zith star c:zblzizng Sii‘gle arrarEement w_ith star cabling
J.2.1 Principle :{ T gf;—‘" RN f ~F ' 4] -H
s o H 4 ez I_ LU I_ L[] I_ i B .
A2 821 =2 g T AEEni =+ N Q{1 T—+ ;
L
| | B32 2 N Bl .,
il s 1 Dk
e c [ ] :

v h73V2. 3. 4FflE HFT1OA > A—-0OYI8EEEDSS. potential free contact (EE/EIER) ZEDEHD1> 45—
OvJ3=iEH . EE—DOmonitoring logic unit(cxU TS =Z3EHEN TWB 7 TV —2a> (iU GEA
vV SWER7IVT—23UCBIF2TA—INAF T DRIBE, TA—IVNRAF I ITREBORIGHOEEDERZZREL T,
A A —OYIHEEE(C T I DERADDCZ RIGDIZHDH A R E
vV IA=INAF I 2ZRBUIA 2 A—OvIHEREC T T 2ERADDCIE. AT DERZ=ZSH THRFTT S
1>2A-OvIREBEDHECE (single arrangement. redundant arrangement)

J—J)iE#E /7% (star cabling. branch/trunk cabling. loop cabling)
monitoring logic unitlc &34 >4 —0OvIREDZIIFE
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Annex J (normative)

(BBEIERZE DI I-OVIREDI - IEGERF O I A =)L M AT 27 5Hi)

J.3
— Step 1: Determine DC (see ISO 13849-1:2023, Annex E) of every single position switch which is a part of the safety
function(s).
— Step 2: Improve the resistance to fault masking if required by enhancing the design or changing the diagnostic method
(refer to Clause 7, Clause 8 and ISO 13849-2:2012, Annex D).

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

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

— Select other type of interlocking device in order to allow fault exclusion.
— Step 3: Limit the DC of the position switch to the maximum achievable DC by applying one of the methods given in J.4.
— Step 4: Improve DC if required according to.J.5.

BMEFEREODII1I-OvIREEZ )X 9 215 e DDCEHEDATY I Z /R E
B ZOBRIMO, BEISR).SICEITA—IVMNAF T DEIENER TEDIEERE
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Annex J (normative) Evaluation of fault masking in series connections of interlocking
devices with potential free contacts

(BEBEEERZE DM I-OVIEREDI) - R D IA— )L M AF > 5%4ih)

J.4 Limitation of DC by effects of series-connected devices
J.4.1 General

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

J.4.2 Simplified method for the determination of the maximum achievable DC
J.4.3 Regular method for the determination of the maximum achievable DC
J.4.3.1 Estimation of the fault masking probability (FM)

J.4.3.2 Determination of the maximum achievable DC

vV IA=INRFIITNREUIZM -0V IREEE(CHITDEADPLIE. PLAICHIFREN 22 ZHAE
v 3RZE (TRFRIC1EEL L) (SEIEIDRIENTNH — Re (ERSEE DRWMBOBIENT T — ROEUREICIHU GERX B RER
EADDCZ BIED757EEUT. simplified methodéregular methodZz g
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Annex J (normative) Evaluation of fault masking in series connections of interlocking
devices with potential free contacts
(BEEIERZD D1 AA-OVIREDI - IEHIFOTA—)L SN AF>7 51ih)
J.5 Avoiding fault masking

To avoid fault masking of interlocking devices with potential free contacts, the following methods can be applied:

— use of additional contacts individually connected to a monitoring device in combination with appropriate diagnostic
procedures to avoid fault masking;

— avoiding connecting in series of interlocking devices and use of individual safety inputs in the logic controller for each
interlocking device;

— use of interlocking devices with internal diagnostics and monitored outputs.

v IA=ILNZF T I TFICEo TR TEB LA
o AH-OWIEBREARTZENDES AR [CEERERB (6T S
o IN)-ZEGEBEITRERICIY MI-S(THEE TS
. UL ESRE DARBA A Y-y EBREATS
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Annex K (normative) Trapped key interlocking systems (EYJTRF—A>25-0OYI3 AT 1)

K.1 Operating principles and typical forms of trapped key interlocking system

K.2 Trapped key interlocking system configuration process

K.3 Selection of trapped key interlocking devices

K.4 Examples of trapped key interlock devices
K.5 Example of separate safety functions

v ISO/TS 19837:2018E L THRITIN TV MY T RE—A > A—OvIEE/ NovT REF—A(2A—OvIS AT ACEH IR E

RFBIEN. WEE (BRE) cLTHitaeENn:

6
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Figure K.8 —
Sub-functions of a typical trapped key interlocking system
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. Terms and definitions

. Symbols

. Operating principles and types of interlocking devices

associated with guards

Requirements for the design and the arrangements of
interlocking devices with and without guard locking
Selection of an interlocking device

Design to minimize the motivation to defeat

. Requirements for the control system

0. Information for use

Annex A (informative)
Annex B (informative)
Annex C (informative)
Annex D (informative)
Annex E (informative)
Annex F (informative)

Annex G (informative)
Annex H (informative)

Annex | (hormative)
Annex J (normative)

Annex K (normative)

Type 1 interlocking device — Examples
Type 2 interlocking device — Examples
Type 3 interlocking device — Example
Type 4 interlocking devices — Examples
Example of guard-locking devices
Application examples of interlocking devices
used within a safety function

Motivation to defeat interlocking devices
(defeating of protective devices)

Examples for maximum static action forces
Test procedures

Evaluation of fault masking in series
connections of interlocking devices with
potential free contacts

Trapped key interlocking systems
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