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Foreword

This translation has been made based on the original Japanese
Industrial Standard established by the Minister of Health, Labour and
Welfare and the Minister of Economy, Trade and Industry through
deliberations at the Japanese Industrial Standards Committee according
to the proposal of establishing a Japanese Industrial Standard from
the Japan Machinery Federation (JMF) with a draft being attached,
based on the provision of Article 12 Clause 1 of the Industrial
Standardization Law.

This JIS document is protected by the Copyright Law.

Attention is drawn to the possibility that some parts of this Standard
may conflict with a patent right, application for a patent after opening
to the public, utility model right or application for registration of utility
model after opening to the public which have technical properties. The
relevant Ministers and the Japanese Industrial Standards Committee
are not responsible for identifying the patent right, application for a
patent after opening to the public, utility model right or application
for registration of utility model after opening to the public which have
the said technical properties.

(ii1) Documents

PROTECTED PY COPYRIGHT Document Sharing Hub

Full document details: JIS B 9710-2006


http://www.avadocuments.com/doc/jis-b-9710-2006
http://www.avadocuments.com/doc/jis-b-9710-2006

JAPANESE INDUSTRIAL STANDARD B 9710 : 2006 (ISO 14119 : 1998)

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

Introduction

This Japanese Industrial Standard has been prepared based on the first edition of
ISO 14119 published in 1998 without modifying the technical contents.

1 Scope

This Standard specifies principles for the design and selection, independent of the
nature of the energy source, of interlocking devices associated with guards (as de-
fined in 3.26.1 of JIS B 9700-1:2004 and 3.25.5 of JIS B 9700-1:2004).

It also provides requirements specifically intended for electrical interlocking de-
vices.

This Standards covers the parts of guards which actuate interlocking devices.

NOTE 1 Requirements for guards are given in JIS B 9716. The processing of
the signal from the interlocking device to stop and immobilize the
machine is dealt with in JIS B 9705-1.

2 The International Standard corresponding to this Standard is as fol-
lows.

ISO 14119:1998 Safety of machinery — Interlocking devices associ-
ated with guards — Principles for design and selection (IDT)

In addition, symbols which denote the degree of correspondence in
the contents between the relevant International Standard and JIS
are IDT (identical), MOD (modified), and NEQ (not equivalent)
according (not equivalent) according to ISO/IEC Guide 21.

2 Normative references

The following standards contain provisions which, through reference in this text,
constitute the provisions of this Standard.

If the indication of the year is given to the referred standard, the edition of
indicated year applies but the revision (including amendments) made thereafter does
not apply.

JIS B 9700-1:2004 Safety of machinery — Basic concepts, general principles for
design — Part 1: Basic terminology, methodology

NOTE: Corresponding International Standard: ISO 12100-1:2003 Safety of
machinery — Basic concepts, general principles for design — Part 1:
Basic terminology, methodology (IDT)
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JIS B 9700-2:2004 Safety of machinery — Basic concepts, general principles for
design — Part 2: Technical principles

NOTE: Corresponding International Standard: ISO 12100-2:2003 Safety of
machinery — Basic concepts, general principles for design — Part 2:
Technical principles (IDT)

JIS B 9702:2000 Safety of machinery — Principles of risk assessment

NOTE: Corresponding International Standard: ISO 14121:1999 Safety of ma-
chinery — Principles of risk assessment (IDT)

JIS B 9705-1:2000 Safety of machinery — Safety-related parts of control systems
— Part 1: General principles for design

NOTE: Corresponding International Standard: ISO 13849-1:1999 Safety of ma-
chinery — Safety-related parts of control systems — Part 1: General
principles for design (IDT)

JIS B 9707:2002 Safety of machinery — Safety distances to prevent danger zones
being reached by the upper limbs

NOTE: Corresponding International Standard: ISO 13852:1996 Safety of ma-
chinery — Safety distances to prevent danger zones being reached by
the upper limbs (IDT)

JIS B 9714:2006 Safety of machinery — Prevention of unexpected star-up

NOTE: Corresponding International Standard: ISO 14118:2000 Safety of ma-
chinery — Prevention of unexpected start-up (IDT)

JIS B 9715:2006 Safety of machinery — Positioning of protective equipment with
respect to the approach speeds of parts of the human body

NOTE: Corresponding International Standard: ISO 13855:2002 Safety of ma-
chinery — Positioning of protective equipment with respect to the ap-
proach speeds of parts of the human body (IDT)

JIS B 9716:2006 Safety of machinery — Guards — General requirements for the
design and construction of fixed and movable guards

NOTE: Corresponding International Standard: ISO 14120:2002 Safety of ma-
chinery — Guards — General requirements for the design and construc-
tion of fixed and movable guards (IDT)

JIS B 9960-1:1999 Safety of machinery — Electrical equipment of machines —
Part 1: General requirements

NOTE: Corresponding International Standard: IEC 60204-1:1997 Safety of ma-
chinery — Electrical equipment of machines — Part 1: General require-
ments (MOD)

JIS C 8201-5-1:1999 Low-voltage switchgear and controlgear — Part 5-1: Con-
trol circuit devices and switching elements — Electrome-
chanical control circuit devices

NOTE: Corresponding International Standard: IEC 60947-5-1:1997 Low-volt-
age switchgear and controlgear — Part 5-1: Control circuit devices and
switching elements — Electromechanical control circuit devices (MOD)
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3 Terms and definitions
For the purpose of this Standard, the following definitions apply:
3.1 interlocking device; interlock

mechanical, electrical or other type of device, the purpose of which is to prevent
the operation of machine elements under specified conditions (generally as long as a
guard is not closed) (see JIS B 9700-1:2004, 3.26.1)

3.2 interlocking guard
guard associated with an interlocking device, so that:

a) the hazardous machine functions “covered” by the guard cannot operate until the
guard is closed;

b) if the guard is opened while the hazardous machine functions are operating, a
stop instruction is given;

¢) when the guard is closed, the hazardous machine functions “covered” by the
guard can operate, but the closure of the guard does not by itself initiate their
operation.

(see JIS B 9700-1:2004, 3.25.4)
3.3 interlocking guard with guard locking
guard associated with an interlocking device and a guard locking device so that:

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

b) the guard remains closed and locked until the risk of injury from the hazardous
machine functions has passed;

¢) when the guard is closed and locked, the hazardous machine functions “covered”
by the guard can operate, but the closure and locking of the guard do not by
themselves initiate their operation.

(see JIS B 9700-1:2004, 3.25.5)
3.4 guard locking 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:

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.
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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

(based on JIS B 9700-2)
3.7 positive opening operation of a contact element

the achievement of contact separation as the direct result of a specified movement
of the switch actuator through non-resilient members (e.g. not dependent upon springs)

NOTE : For fluid power, the equivalent concept may be called “positive mode
interruption”.

(based on JIS C 8201-5-1)
3.8 stopping time; time for hazard elimination

the period between the point at which the interlocking device initiates the stop
command and the point at which the risk from hazardous machine functions has
passed

3.9 access time; time for access to a danger zone

the time taken to access the hazardous machine parts after initiation of the stop
command by the interlocking device, as calculated on the basis of an approach speed
whose value may be chosen, for each particular case, taking into account the param-
eters given in JIS B 9715

4 Operating principles and typical forms of interlocking devices associ-
ated with guards

NOTE : Reference is made to the relevant Annexes where it is considered use-
ful for clearer understanding.

4.1 Interlocking principles
4.1.1 Control interlocking

The stop command 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 machine actuators — is triggered
by the control system (indirect interruption: levels 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 ac-
tuators (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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) . Manual control —I
Signalling, (actuators)
display,
warning Control devices -
£ l =
1 I A SO IS
%’ Data storage and logic or analog data processing
0 N e O
g Outputs
(@)
Safety devices
In this Standard:
electrical, pneumatic, hydraulic
interlocking devices Power control elements
(contactors, valves, —
speed controllers, etc.)
Machine actuators
(engines, cylinders)
E I
g
o Disconnecting means
e (e.g. clutches), brakes
5
2
o
Power transmission elements
Working parts

—— Mechanical link

—> Stop commands generated by the interlocking devices

— Power supply to the machine actuators

Scope of this Standard

Note @ In accordance with JIS B 9714 : 2006

Different possible
levels for the input

i of maintained stop

commands

Level A @
(in this Standard:
control interlocking)

Level B &
(in this Standard:

i control interlocking)

Level C &
(in this Standard:

i power interlocking)

Figure 1 Location of interlocking devices in machinery

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 not 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 3.25.4 of JIS B

9700-1:2004.
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Examples of interlocking devices without guard locking are shown in Annexes A,
B, F, G, J,Kand L.

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

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

— those where unlocking the guard can be initiated at any time by the operator
[unconditional unlocking: see table 1 and figure 3 b1)];

— those where unlocking the guard is possible only if a condition is fulfilled, thus
ensuring that the 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

— manually applied, manually released (see figure N.1 in Annex N)

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

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

power-applied, power-released [see figure 2 ¢)].

Examples of interlocking devices with guard locking are given in Annexes C, D, E,
H, M and N.

a) spring-applied ... ... power-released

m=—
)
b) power-applied ... ... spring-released

im i

¢) power-applied ... ... power-released

Figure 2 Operating modes of the guard locking device
in power-actuated guard locking devices
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Machipe 1 | |
operation < Guard closed
possible
> End of guard closing Begining of guard opening
Machine
operation <
i ibl
1mpossible 2 1 Guard open (i.e. not closed)

\

a) Interlocking devices without guard locking (“two-state interlocking”)

3
1 | | Guard closed and locked: 1 | | Guard closed and locked:
unlocking possible Machine unlocking impossible
} operation
A possible A
. Unlocking Hazard disappearance (e.g. machine
Loﬁkmgd Unlocking achieved made brought to rest) detected or ensured
achieve \J impossible by fixed time having elapsed
4 v
2 || Guard closed and unlocked: 2 || Guard closed and locked:
opening of the guard possible unlocking possible
A A
End of >
guard .. . Locking Unlocki hieved
closing Begining of guard opening achieved nlocking achieve
v Machine v Guard closed and
operation uard closed an
3 H Guard open impossible 3 4 unlocked; opening of the
guard possible
/ A
End of
guard Beginning of guard opening
closing
h 4
4 Guard open
Note 2 “Unlocking achieved” implies that: \
— a stop command has been initiated simultaneously with, and as a conse-
quence of, the beginning of the actuation of the unlocking device;
— the time necessary for the guard to be unlocked is greater than the time
necessary for the hazard to disappear.
b1l) Unconditional unlocking b2) Conditional unlocking
(“three-state interlocking”) (“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 Interlocking devices with guard locking
[see 4.2.1 and figure 3 a)] [see 4.2.2 and figure 3 b)]
Unconditional Conditional unlocking
unlocking [see figure 3b2)]
[see figure 3b1)]
Unlocking the guard is made possible only if
— Unlocking the guard can (or is triggered when) one of the following
be started at any time by conditions is fulfilled:

the operator, but the time
necessary for the guard to |
be unlocked is longer than

the time necessary for the

hazard to disappear — a fixed time b has — disappearance of
elapsed the hazard has
after the stop been detected
command has been (e.g. zero-speed
given: detection).

v v I v v

Stop command given:

— at the beginning of — simultaneously with — shortly after the beginning — by the operation, or
the guard opening the beginning of the of the actuation of the guard automationally by the control
stroke (the interlocking actuation of the lock & locking device and as a system, then memorized by
device is actuated by and as a consequence consequence of it: the interlocking device.
the guard itself): of it:

i
X

5
XX

9.8

2R

268

o
odele

e,
el

(see Annexes A and G) (see Annex D) (see Annex N) (see Annex M)

Typical examples

Notes @  Strictly speaking, the guard is unlocked after the beginning of the stop command. Where the hazard disappears
“as 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.

b} Longer than the time necessary for the hazard to disappear.
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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 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 Standard which deal with them.

Table 2 Technological forms of interlocking device

Technological forms Provisions in subclauses Examples in annexes
Interlocking devices with 5.1to0 5.4, 5.7.2, 6.2
mechanically actuated detectors :
— with cam-operated detectors 5.7.2.1 A G LM
— with tongue-operated detectors 5.7.2.2 B

Interlocking devices with
non-mechanically actuated detectors :

— with magnetically actuated switches 5.7.3 t0 6.3 J

— with electronic proximity switches 5.7.3 t0 6.3 K
Systems incorporating keys :

— captive-key systems; D

— trapped-key systems. E
Plug and socket systems 5.7.4 F

Mechanical interlocking between guard
and movable parts H

5 Provisions for the design of interlocking devices (independent of the
nature of the energy source)

5.1 Actuation 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 com-
mon-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
Positive The detector stem (actuator) is

held depressed by a cam as long
as the guard is open.

When the guard is closed, the
detector changes its state as the
result of the action of a return
spring.

Non-positive
mode

The detector stem (actuator) is
held depressed by a cam as long
as the guard is closed.

When the guard is opened, the
detector changes its state as the
result of the action of a return
spring.

5.2 Arrangement and fastening of position detectors

5.2.1 Position detectors shall be arranged so that they are sufficiently protected

against a change of their position. In order to meet this requirement:

a) the fasteners of the position detectors shall be reliable and loosening them shall

required a tool;

b) the use of slots shall be limited to initial adjustment;

¢) 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.
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