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Foreword

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

This
This

document is a type-C standard as stated in ISO 12100:2010.

document is of relevance, in particular, for the following stakeholder groups representing the

market players with regard to machinery safety:

— machine manufacturers (small, medium and large enterprises);

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

Othefrs can be aftected by ment by the

The
proc

The
are

Whe
type
the d
this

-mentioned stakeholder groups:
achine distributors, resellers, rebuilders and integrators;

achine users/employers (small, medium and large enterprises);
achine operators/employees (e.g. trade unions, organizations for peoplé with special|needs);
ervice providers, e.g. for maintenance (small, medium and large.enterprises).

hbove-mentioned stakeholder groups have been given the p@ssibility to participate in fthe drafting
bss of this document.

machinery concerned and the extent to which hazards,"hazardous situations or hazarndous events
overed are indicated in the Scope of this document;

h requirements of this type-C standard are different from those which are stated jn type-A or
B standards, the requirements of this type<G standard take precedence over the requirements of
ther standards for machines that have been designed and built according to the requirements of
ype-C standard.
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Plastics and rubber machines — Injection moulding
machines — Safety requirements

1 Scope

This document specifies the essential safety requirements for the design and construction of injection
mouding Tracttines fortire processing of piastics amd/or Tubberamnd provides imformmation for their
safe pise.

Thisdocument is applicable only to injection moulding machines with hydraulic and/or elecftrical drives
for platen movement.

This|[document deals with all significant hazards, hazardous situations and@vents relevan{ to injection
moulding machines, when they are used as intended and under conditions of misus¢ which are
reas¢nably foreseeable by the manufacturer (see Annex A) during the‘life cycle of the mathinery (see
ISO 12100:2010, 5.4).

The following are not covered:
— 1nachines on which the clamping unit can only be operated by the physical force of the pperator;
— 1nachines for which the hydraulic jack can only be manually operated;
— injection blow moulding machines;

— 1nachines for reaction injection moulding;

— ¢ompression moulding machines and.transfer moulding machines;

— (lirect-on sole moulding machin€s, uinit sole and footwear component moulding machines, full shoe
nd boot moulding machines;

— (dlesign of an exhaust system;
— (dlesign and construction of the mould.
NOTH Moulds and eXhaust systems are not part of the machinery.

This|documentsisénot applicable to injection moulding machines which are manufactureg before the
date [of its publication.

2 INormative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 1402:2009, Rubber and plastics hoses and hose assemblies — Hydrostatic testing

ISO 3744:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Engineering methods for an essentially free field over a reflecting plane

[SO 3746:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Survey method using an enveloping measurement surface over a reflecting plane

[SO 3747:2010, Acoustics — Determination of sound power levels and sound energy levels of noise sources
using sound pressure — Engineering/survey methods for use in situ in a reverberant environment

© IS0 2020 - All rights reserved 1
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ISO 4413:2010, Hydraulic fluid power — General rules and safety requirements for systems and their

components

ISO 4414:2010, Pneumatic fluid power — General rules and safety requirements for systems and their

components

ISO 4871:1996, Acoustics — Declaration and verification of noise emission values of machinery and

equipment

ISO 7751:2016, Rubber and plastics hoses and hose assemblies — Ratios of proof and burst pressure to
maximum working pressure

ISO 11201:2010, Acoustics — Noise emitted by machinery and equipment — Determination of emj

sound press
reflecting pl

ISO 11202:7
sound presst
corrections

ISO 11204:3
sound presst
corrections

[SO 12100:2

ISO 13732-]
responses to

ISO 13849-
principles fo

[SO 13849-7
[SO 13850:2

[SO 13851:%
principles

[SO 13855:2
parts of the

1SO 13856-1
for design ar

ISO 13856-
principles fo

re levels at a work station and at other specified positions in an essentially free fiéld o
ine with negligible environmental corrections

010, Acoustics — Noise emitted by machinery and equipment — Determindtion of emi
re levels at a work station and at other specified positions applying approximate environm

010, Acoustics — Noise emitted by machinery and equipment — Determination of emi
ire levels at a work station and at other specified positions applying accurate environm

010, Safety of machinery — General principles for design—=<Risk assessment and risk redy

:2006, Ergonomics of the thermal environment — Methods for the assessment of hi
contact with surfaces — Part 1: Hot surfaces

|:2015, Safety of machinery — Safety-related~parts of control systems — Part 1: Ge
" design

:2012, Safety of machinery — Safety-related parts of control systems — Part 2: Validatio
015, Safety of machinery — Emergency stop function — Principles for design

002, Safety of machinery <= Two-hand control devices — Functional aspects and d

010, Safety of machineny — Positioning of safeguards with respect to the approach speq
human body

:2013, Safety.ef machinery — Pressure-sensitive protective devices — Part 1: General prin
d testing of pressure-sensitive mats and pressure-sensitive floors

D:20135-Safety of machinery — Pressure-sensitive protective devices — Part 2: Ge
" design and testing of pressure-sensitive edges and pressure-sensitive bars

NOO C o+ Lotas J

ission
ver a

ssion
ental

ssion
ental

iction

yman

neral

esign

ds of

riples

neral

[SO 13857:2

£ Joi C
VU0, oujety U TItut riiariert y JUujety-ut

and lower limbs

[SO 14118:2017, Safety of machinery — Prevention of unexpected start-up

L L ) ] s ol 1
Stancestopreveirtrazara Zzoiesoetitygeaciea vy-upper

ISO 14119:2013, Safety of machinery — Interlocking devices associated with guards — Principles for
design and selection

[SO 14120:2015, Safety of machinery — Guards — General requirements for the design and construction of
fixed and movable guards

[SO 14122-1:2016, Safety of machinery — Permanent means of access to machinery — Part 1: Choice of

fixed means

and general requirements of access
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ISO 14122-2:2016, Safety of machinery — Permanent means of access to machinery — Part 2: Working
platforms and walkways

ISO 14122-3:2016, Safety of machinery — Permanent means of access to machinery — Part 3: Stairs,
stepladders and guard-rails

ISO 14122-4:2016, Safety of machinery — Permanent means of access to machinery — Part 4: Fixed ladders
IEC 60204-1:2016, Safety of machinery — Electrical equipment of machines — Part 1: General requirements

[EC 60947-5-3:2013, Low-voltage switchgear and controlgear — Part 5-3: Control circuit devices
and switching elements — Requirements for proximity devices with defined behaviour under fault
condjtions (PDDB)

IEC $1496-1:2012, Safety of machinery — Electro-sensitive protective equipment ~~JPart 1: General
requirements and tests

IEC §1496-2:2013, Safety of machinery — Electro-sensitive protective equipment — Part £: Particular
requirements for equipment using active opto-electronic protective devices (AOPDs)

IEC $1496-3:2008, Safety of machinery — Electro-sensitive protective.equipment — Part §: Particular
requirements for active opto-electronic protective devices responsive to/diffuse Reflection (AOPDDR)

IEC 1800-5-1:2007, Adjustable speed electrical power drive systeins — Part 5-1: Safety reqiiirements —
Electrical, thermal and energy

IEC 61800-5-2:2016, Adjustable speed electrical power drive’systems — Part 5-2: Safety Requirements —
Functional

3 Terms, definitions and abbreviated-terms

3.1 | Terms and definitions

For the purposes of this document, thefollowing terms and definitions given in [SO 12100:2010 and the
following apply.

ISO gnd IEC maintain termintlogical databases for use in standardization at the following gddresses:

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

— IEC Electropedia;-available at http://www.electropedia.org/

3.1.1
injegtion meulding machine
machine forthe cyclic production of moulded parts from plastics and/or rubber

Note [1't@'entry: The material is injected through a nozzle into a mould (3.1.2) containing one or mdre cavities in
which the article is formed.

Note 2 to entry: An injection moulding machine essentially consists of one or more clamping units (3.1.6), one or
more injection units (3.1.8), drive and control systems.

Note 3 to entry: Examples of horizontal and vertical injection moulding machine are shown in Annex A.

3.1.2

mould

exchangeable part consisting of two or more halves clamped on the platens of the machine in which the
material is injected

© IS0 2020 - All rights reserved 3
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ejector

:2020(E)

driven component (e.g. pin with linear movement) inside a mould (3.1.2) used for the ejection of the
moulded part(s) out of the opened mould

3.1.4
core

driven component inside a mould (3.1.2) for carrying out mould functions, e.g. enabling undercuts in
the moulded part

3.1.5

mould are
area betwesd

3.1.6
clamping u
part of the n

3.1.7
clamping nj
area which
the clampin

3.1.8

n the platens where the mould (3.1.2) is fixed

hit
hachine that holds, opens and closes the mould (3.1.2)

echanism area
comprises mechanisms for the movement of the movable plateq and/or the applicati
b force

injection unit

unit for pro

3.19
carousel m

machine comsisting of two or more clamping units (3.1.6) mounted on a carousel in either a vertig

horizontal ¢

Note 1 to ent

essing (plasticizing and/or homogenizing) and delivering material through a nozzle

nchine

pnfiguration to index on one or more fixed injection units (3.1.8)

ry: See Figure 1.

on of

al or
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Figure 1 — Example ofa carousel machine, shown without guards

3.1.10

shutgle-table machine

machine with a sliding table/platen
machine designed to contain one or more parts of moulds (3.1.2) attached to a sliding tablefplaten

Note |l to entry: Thestable/platen indexes the parts of the mould by a sliding movement between| the loading/
unlodding station and'the injection position.

Note P to entrys See Figure 2.

© IS0 2020 - All rights reserved 5
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7/

/P/\

Figure 2 -— Examples of shuttle-table machines (two stations left; single station right), shgwn
without guards for the movemerits of the table

3.1.11
turn-table machine
machine degigned to contain one or more partsofmoulds (3.1.2) attached to a rotating table

Note 1 to entfy: The table indexes the parts of.thie mould by a rotary movement between the loading/unlopding
station and the injection position.

Note 2 to entfy: See Figure 3.

6 © IS0 2020 - All rights reserved
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5

/4
s

Ly

Figure 3 — Example of a turn-table machiine, shown without guards for the movéments of

3.1.12

the table

mulgi-station machine with mobile-injection unit
machine consisting of a mobile_ikjection unit (3.1.8) which indexes between two or morg stationary

clamping units (3.1.6)

Note [l to entry: See FiguresZand 5.

© IS0 2020 - All rights reserved
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Figure 4 — Example of multi-station machine with mobile'injection unit, shown without guards
for the clamping units

Figure 5 — Example of multi-station machine with mobile injection unit, shown with guards for
the clamping units

8 © IS0 2020 - All rights reserved
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3.1.13
ancillary equipment
equipment which interacts with the injection moulding machine (3.1.1)

Note 1 to entry: Examples are pick and place device, robot, mould changing equipment, mould clamping system
or conveyor.

3.1.14
cellular foam injection moulding
injection moulding which involves either an entrained gas mixed into the melt or a granulate containing

afoa

3.1.1
elect
axis

3.1.1
hydi
axis

3.1.1
stan
cond

Note

(3.1.40) and overall system stopping performance (3.1.21).
3.1.18

safe

standstill (3.1.17) during which unexpected startzup is prevented

Note

and gverall system stopping performance (3.1:21).
3.1.19

stop
dece

Note

and gverall system stopping-performance (3.1.21).

3.1.20

safe stopping

contfolled stopping (3.1.19) and following standstill (3.1.17) during which a hazardous
prevented

Note |l toentry: See Figure 6 for the relation of standstill , safe standstill (3.1.18), stopping , safe

overall'system stopping performance (3.1.21).

ming agent to achieve a cellular-structured product

5
rical axis
ivhere the primary movement of the axis is initiated by electrical energy

6
aulic axis
where the primary movement of the axis is initiated by hydraulic energy

7
dstill
fition under which there is no movement of a machine part

1 to entry: See Figure 6 for the relation of standstill, safe standstill (3.1.18), stopping (3.1.19),

standstill

1 to entry: See Figure 6 for the relation ofistandstill , safe standstill, stopping (3.1.19), safe stoj

ping
eration of a movement of asmachine part until standstill (3.1.17) is achieved

1 to entry: See Figure 6.for-the relation of standstill, safe standstill (3.1.18), stopping, safe stoj

safe stopping

hping (3.1.20)

pping (3.1.20)

situation is

stopping and

3.1.21
overall system stopping performance
time interval between the actuation of the sensing function and until standstill (3.1.17) is achieved

Note 1 to entry: See Figure 6 for the relation of standstill , safe standstill (3.1.18), stopping (3.1.19), safe stopping
(3.1.20) and overall system stopping performance.

© IS0 2020 - All rights reserved
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P power st
C comman|

v velocity

t time

t; reaction

t

T overalls

S  standstil

A safe stop

B  safe stan|
Figure 6 -

3.1.22

safety-relat
input to a 1
driven axis

3.1.23

maximuin stopping time required to terminate the hazardous machine function

-y

pply to the actuator
d (actuation of emergency stop device, interruption of light curtain, opening of interlocking gua
bf the hazardous movement

time of sensor/actuator and control system

stem stopping performance

|

ping

dstill

— Diagram for standstill, safe standstill, stopping, safe stopping and overall syst
stopping performance

ed input
hotor centrol unit activating the safety function related to the drive of the electrj

cally

operating position

position in f

3.1.24

ront of the mould area (3.1.5) where the operator typically stands

automatic mode
selectable mode of operation that runs one or more cycles continuously

3.1.25

semi-automatic mode
selectable mode of operation that runs a single cycle and then stops

3.1.26
manual mo

de

selectable mode of operation that allows manual activation of individual movements

10
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Abbreviated terms

AOPD active opto-electronic protective device (see IEC 61496-2:2013)

AOPDDR active opto-electronic protective device responsive to diffuse reflection

(see IEC 61496-3:2008)

ESPE electro-sensitive protective equipment (see IEC 61496-1:2012)

PL
PL,
PLC
$s1

STO

4 3

4.1

4.1.1

MacH
claus
for rq

Prot

— ]
1

— 1

NOTH
equiy

4.1.2

4.1.2
The

performance level (see [SO 13849-1:2015)

e ; eveHfsre tSO13849-12615)
programmable logic controller (see ISO 13849-1:2015)
safe stop 1 (see IEC 61800-5-2:2016)

safe torque off (see IEC 61800-5-2:2016)

bafety requirements and/or protective /risk reduction measures
Basic requirements

General

inery shall comply with the safety requirements:and/or protective/risk reduction mea|
e. In addition, the machine shall be designed.in accordance with the principles of ISO
blevant but not significant hazards, which aré’not dealt with by this document.

pctive systems and safety-related parts.of the control systems shall be in accordance W

Protective Type I, Il and III as spécified in Annexes B, C and D. These annexes descril
equirements and the calculation-of the PL of the whole system achieved is not require

he PL,. in accordance with SO 13849-1:2015, as specified in the relevant subclauses.

The safety level achiéved when applying the PL, as specified in the relevant subclaug
alent to the safety levelachieved when applying the annexes.

Start, stop‘and restart functions

.1 Startfunction

start of an operation shall be possible only when all safeguards are in place and fung

IEC 4

sures of this
12100:2010

rith:

e minimum
d; or

es is at least

tioning (see

0204-1:2016, 9.2.3.2). The machine shall only be started by actuation of the start dev

ce provided

for that purpose or closing a control guard in accordance with 4.2.4.

4.1.2.2 Stop function

4.1.2.2.1 Normal stop

The machine shall be equipped with a control device activating a stop function in accordance with stop
category 0 or 1 as described in IEC 60204-1:2016, 9.2.2, that brings the machine to a complete stop.

4.1.2.2.2 Operational stop

For operational reasons, e.g. to permit an easier and more rapid restart of the machinery, it could be
necessary to provide a stop control that does not cut off the energy supply to the actuators.
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In this case, in addition to the above normal stop function, a stop category 2 may be used for the
movements in the areas which are enclosed by safeguards which are in place and functioning. When
a safeguard is activated, stop category 0 or 1 shall become effective as specified in the relevant

subclauses.

4.1.2.3 In

terruption or failure of the power supply

Aninterruption or a failure of the power supply shall not resultin aloss of safety function and restoration
of the energy supply shall not result in the automatic restarting of the machine (see ISO 12100:2010,

6.2.11.4 and

6.2.11.5).

4.1.3 Emq

The emerge|
ensuring thg

Emergency
emergency {

Actuation o
hydraulic ad

In addition,
continued s

processing naterials which can lead to degradation (e.g. PVC):

power t
— gas/wal

See 6.2.2.
4.1.4 Gua

4.1.4.1 Cd
Guards shal

Safety dista

with the following unless oth€rwise specified in this document:

ISO 138
[SO 138
ISO 138

ergency stop

ncy stop shall function as a category 0 or 1 stop as described in [EC 60204-1:2016,
e fastest stopping.

5top devices shall be in accordance with ISO 13850:2015 and IEC 60204-1:2016, 10.
top device shall, at a minimum, be located at each operator station.

[ an emergency stop device shall stop any dangerous movement.and shall discharg
cumulators.

the actuation of emergency stop devices shall stop the supply of the following unless
upply is necessary to prevent further hazards such.astoverheating/overpressure \

p the cooling/heating elements;

er.

rds

mmon requirements
be designed in accordané¢e with [SO 14120:2015.

nces for distance guards, enclosing guards, and interlocking guards shall be in accord

57:2008, Table 1 for reaching over protective structures;
57:2008xTable 3 for reaching around with limitation of movement;

572008, Table 4 for reaching through regular openings;

0.2.2

/. An

b the

their
when

ance

ISO 138

ISO 138
As

57:2008, Table 6 for reaching around with additional protective structures;

57:2008, Table 7 for reaching through openings of regular shape by lower limbs.

Figure 7, provided that:

dimension x is =1 600 mm; and

(see Figure 7).

12

an alternative to ISO 13857:2008, Table 1, protective structures may be designed as shown in

dimensions a, b and ¢ are in accordance with ISO 13857:2008, Table 1. In this case, c = ¢’ + r
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q
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q

com

Inter]
rega
be p
spec
to I§
indej

NOT]H
safet

height of hazard zone

horizontal safety distance to hazard zone in ISO 13857:2008,Table 1

ClosiEg of an interlocking guard shall not automatically initiate further movement and

verall height of protective structure

lepth of protective structure
listance from the nearest edge of the protective structure to the hazardous point

listance from floor to angle of the protective strueture

Figure 7 — Alternative shapes for protective structures

and shall be required, unless a control guard in accordance with 4.2.4 is used.

locking devices associated-with guards shall fulfil the requirements of ISO 14119:201
rding the selection,arrangement and mounting. Reasonably foreseeable manipy
Fevented. Type 3 .ihterlocking devices according to ISO 14119:2013 shall only be uj
fic application they cannot be defeated. When a Type 3 or Type 4 interlocking devid
0 14119:2013\js used, it shall have two independent electrical contacts, and b
pendently eefinected to the control and monitoring system.

The.Connection between the control and monitoring systems to the shut-off device(s) de
 leyelrequired.

a new start

B, especially
lation shall
ed if in the
e according
th shall be

pends on the

4.1.

.Z Interlocking guards without guard locKing

Movable interlocking guards without guard locking shall be positioned so that when the guard is

open

ed, the overall system stopping performance, T, is shorter than the access time, t.

The access time, t, is calculated with Formula (1):

d
t=—+t,
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where

:2020(E)

is the minimum distance from the nearest edge of the opening of the guard to the

hazardous point;

v

t3

is 1,

6 m/s, approach speed as defined in ISO 13855:2010;

is the time required to open the guard to the extent that the opening size permits

access of the relevant parts of the body (see ISO 13855:2010, Clause 9).

For manuall]

100 ms;

calculat

determi

For power-d

When calcy|
taken into a
the case of

— speed;
mass;
temper3
switchi
— ageing ¢
See 6.2.3.

If a dual cha
safety-relatg
detected thd

y operated guards, t5 shall be:

or

ed with regard to the forces in ISO 14119:2013, Table I.1; or

ned in accordance with ISO 13855:2010, Clause 9.

perated guards, t; shall be determined in accordance with ISO 13855:2010, Clause 9.

lating or measuring the overall system stopping performance;’T, the worst case sh{
ccount for each of the following factors during the whole lifetime of the machine and a
ower failure:

hture;
hg time of valves/contactors; and

f components.

nnel architecture (use of;Protective Type III or ISO 13849-1:2015, Category 3 or 4 fo
bd parts of the contrel\system) is used and a delay of the stopping time of the chann
breby preventing thiesnext cycle, the calculation of T may take into account the faster

two stopping channels.

Whent<T,]
shall be intd

NOTE1  Aj
overall syste

nazardous ran=down of the movement will occur. In this case, the guards for that move
rlockingguards with guard locking (see 4.1.4.3).

an alternative, a mechanical brake or equivalent braking system can be used to reach the req
I, stopping performance.

11 be
so in

r the
bls is
f the

ment

uired

NOTE 2
piston, there

4.1.4.3

is no hazardous run-down.

Interlocking guards with guard locking

For the rotation of the plasticizing screw and for the linear movement of the plasticizing screw or

All the following requirements for movable interlocking guards with guard locking shall be fulfilled.

a) For the guard locking device, well-tried components in accordance with ISO 13849-1:2015, 6.2.4
shall be used. The components shall be designed to withstand a minimum force of 1 000 N, applied
for example when trying to open the guard with guard locking still effective.

b) Guard locking shall remain effective until all hazardous movements in the protected area have ceased.

14
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c) If Protective Type Il is applied for the clamping mechanism area or Protective Type III is applied
for the mould area, the detection of standstill shall be safe against a single fault. This shall be
accomplished by one of the following measures:

— automatic monitoring of two independent standstill signals; or
— standstill detection in accordance with PL, = d; or

— permanent automatic monitoring of the change of position of the platen, e.g. by means of an
encoder.

d) Ifguardlockingis necessary for the movement of the injection unit and Protective Type I is applied,
the detection of standstill shall be in accordance with PL_=b.

e) If guard locking is necessary for movements of cores and ejectors and Protective Type [l is applied,
the detection of standstill shall be in accordance with PL. =b.

4.1.3 ESPE in the form of light curtains

Light curtains as defined in IEC 61496-2:2013, 3.205 shall be (designed in accordance with
IEC 1496-1:2012 and IEC 61496-2:2013.

Lighg curtains shall become effective as soon as the injection mofdding machine is switched on.

The positioning and detection capability of light curtains.shall be in accordance with the formulae
given in [SO 13855:2010, Clause 6.

It shall not be possible to reach the hazard zone around, above or beneath the light curtains.

The end of an interruption of a light curtain shall'not automatically initiate any further movement. A
new ptart command shall be required.

An arknowledgement switch in accordance with the single acknowledgement system as ¢escribed in
Anngx F shall be fitted on those sides of\the machine where light curtains are installed.

Before it is possible to give a start command for a cycle or movement, it shall be necessar]y to actuate
the acknowledgement switch affer interruption of the corresponding light curtain, except if:

— thelight curtain that has-been interrupted is located on the side of the machine where afcycle can be
initiated; and

— the light curtain has been interrupted when access is foreseen by the operating pro¢ess and the
achine is ig)avsafe condition (e.g. in case of a turn-table/shuttle-table machine if 4 mould was
rought into~loading/unloading station to remove moulded parts and/or insert pafts in semi-
utomaticunmode, and for other machines at the end of a machine cycle in semi-automatiic mode) and
o whple-body access is possible.

For machines where whole-body access is possible, the above-mentioned acknowledgement switch
may be used as the single acknowledgement system described in 4.2.7 and 4.2.8. Where a double
acknowledgement system is required (see 4.2.8), the above-mentioned acknowledgement switch may
be used as second acknowledgement switch 2 as specified in F.2.

See also 6.2.3,6.2.4 and 6.2.5.

4.1.6 Two-hand control devices
The two-hand control devices shall be designed in accordance with ISO 13851:2002.

The actuators of the two-hand control devices shall be positioned in accordance with the formulas
given in ISO 13855:2010, Clause 8, and allow a clear view of the hazard zone.
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At the sides of the machine where no actuators of two-hand control devices are installed, additional
safeguarding shall be provided to prevent access to the hazard zone.

See also 6.2.3 and 6.2.4.

4.1.7 Pressure-sensitive mats, floors and edges

Pressure-sensitive mats and floors shall be designed in accordance with ISO 13856-1:2013. Pressure-
sensitive edges shall be designed in accordance with ISO 13856-2:2013.

Pressure-sensitive mats, floors and edges shall be active when the injection moulding machine is
switched ory

Where pregsure-sensitive mats or floors are used to prevent unexpected start-up of hazardous
movement:

— thesendingareashall cover the whole area where the operator can stand and is exposed to hazandous
movement; and

— the control system shall be in accordance with ISO 14118:2017.

4.1.8 Requirements for automatic monitoring

If there is q single fault in one of the safety-related components of’a“control system, it shall npt be
possible to jnitiate the next movement or the next cycle. Automatic.monitoring shall be carried qut at
least once djiring each operation cycle of the corresponding safegirard.

The monitoring circuit shall not produce a direct control signal for starting a movement or initipting
a cycle.

Monitoring jmay be performed via the PLC. If so, the monitoring programme shall be in permgnent
memory with protection against electrical interference, and the monitoring system shall be equipped
with a startrup test and life tests (e.g. watchdgg timer). In addition, for position switches, contaftors
and/or mot¢r control units with the safety-rielated function which control the same safety function, the
following shall apply:

— each onpg of those components shallbe connected to its own input module; or

— if a conjmon input module_i§ used, either the inverse signals from each one of those compomnents
shall be|input as well, or anyfault in the input circuits shall be automatically recognized; or

— ifaninpptunit (inputeard) consists of several input modules, the signals from each of the compomnents
which alre to be monitored for antivalence (logic "exclusive or"), shall be separated by at leagt the
input module bif.distance (e.g. 4 bits, 8 bits or 16 bits). In addition, signals from each one of those
components which are not anti-valent and are connected to the same input module, shall not oqcupy
adjacent bifts.

If relays are used, e.g. for contact multiplying, they shall have positive mechanically linked contacts.
Automatic monitoring of these relays is necessary. This monitoring may be carried out by a
programmable electronic system. Any fault in a relay shall be automatically recognized and the start of
any further hazardous movement shall then be prevented.

A bus system may be used for the monitoring function, e.g. for the standstill information and
confirmation of switch-off conditions when using a motor control unit with the safety-related function.
In this case, basic precautions against signal failures (i.e. no change of signal state within a relevant
period after request or cyclically) shall be taken by the monitoring circuit of the machine.

The enable signal for the control circuit of the machine shall be produced by the monitoring circuit.

Where the Protective Types (Annexes B to E) are not applied, the monitoring system shall be designed
so that the PL_ as specified in 4.2 to 4.9 is achieved.
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4.1.9 Movements caused by gravity during production

Hazardous movement caused by gravity during production shall be prevented by hydraulic, pneumatic
or mechanical restraint devices (e.g. brakes, jam bars, non-return valves/check valves).

The restraint devices shall be activated automatically when safeguarding allows access to the hazardous
area (unless otherwise specified, see 4.2.6).

Where hydraulic or pneumatic restraint devices are used, they shall be fitted as close as possible to the
cylinder. Cutting ring fittings shall not be used.

Transmission components (e.g. gears, chains, hoses) shall be well-tried components a

ISO

4.2

4.2.1 Hazards due to the closing movement of the platen during production

4.2.1.1 Hydraulically operated platen movement

Where the movement of the platen is hydraulically operated, hazafds due to the closing 1
the platen shall be prevented by one of the following means:

a)

b)

Where proportional valves are used‘as a main shut-off device for the control of the plater
Anngx G shall apply.

4.2.1.2 Electrically operdted platen movement

Whe

a)

b)

ccording to

13849-1:2015, 6.2.4.

Mould area

iinterlocking guards in accordance with 4.1.4. The safety* function of the interlocking

Protective Type Il or PL = ¢;
if no splashing hazard exists, light curtains in.aeccordance with 4.1.5 and:
1) Protective Type III; or

7) IEC61496-1:2012, Type 4, acting'on a control circuit in accordance with PL. = e.

Interlocking guards with guard locking shall be in accordance with:
1) Pretective Type III; or

1)~ PL. = e for safe standstill and PL. = d for the control circuit of the guard lock

hovement of

preventing

the closing movement of the platen when the interlocked guard is open, shall be in accordance with

movement,

e the movement ofithe platen is achieved by an electrical axis, hazards due to the closinlg movement
of the platen shall be prevented by one of the following means:

ng function

(cpp 414 '2), not requiring two ]nr‘l(ing devices
Interlocking guards without guard locking shall be in accordance with:
1) Protective Type III; or

2) PL, = e for safe standstill and PL, = d, category 3 for safe stopping.

NOTE This can be achieved, for example, by using an external electromechanical circuit.

If no splashing hazard exists, light curtains in accordance with 4.1.5 and:

1) Protective Type III; or

2) IEC 61496-1:2012, Type 4, acting on a control circuit in accordance with PL. = e for safe

standstill and PL, = d, category 3 for safe stopping.

© IS0 2020 - All rights reserved

17


https://standardsiso.com/api/?name=a6642f82fce66fd6f3bddb0dd709757e

ISO 20430:2020(E)

NOTE This can be achieved, for example, by using an external electromechanical circuit.

For electrical axis, when an interlocking guard (with or without guard locking) for the mould area is
open or a light curtain is interrupted, safe standstill shall be achieved by interrupting the energy supply
to the movement of the platen in accordance with Protective Type III or PL,. = e. This interruption shall
be independent from the non-safety PLC and be achieved using:

— acontactor or contactors in the power supply to the electrical motor or the motor control unit with
the safety-related function; and/or

— safety-related input(s) to the motor control unit with the safety-related function.

4.2.1.3 Use of two-hand control devices

As an alternative to interlocking guards or light curtains as described in 4.2.1.1 and 4.2.1.2) ftwo-hand
control devices may be used if all the following requirements apply:

— itis not|possible to safeguard the mould area by the use of guards or light curtains, for example on
injection moulding machines used for assembling long or bulky parts (see Figuré 8); and

— maching is designed to process only materials which do not generate, splashing hazards during
processjing; and

— whole-Hody access to the mould area is not possible (see 4.2.8).

Figure 8 — Example of an injection moulding machine for assembling long or bulky parts

On these machines, the following applies:
a) The two-hand control device shall be in accordance with:
1) AnnexE; or

2) IS0 13851:2002, Type IIIC, with PL_ = e for hydraulically operated platen; or
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stopping for electrical axis.

ISO 13851:2002, Type IIIC, with PL, = e for safe standstill, and PL. = d, category 3 for safe

The actuators of a two-hand control device may be released without interrupting the movement of

the platen, if the mould is sufficiently closed (gap smaller than or equal to 6 mm). For this purpose:

1y

2)

PL.=e;and

the alternative control measures allowing the platen to close while the safeguard
shall conform with PL. = e; and

the maximum opening shall be monitored automatically by a circuit in accordance with

is inhibited

4.2.1

Acce
by i1
whel
ISO 1
elem|
or rq
addit
new

4.2.1

On npachines processing materials that require de-gassing, the movable platen may mov

gass}

1

1

1
[(

4.2.2
cann

On s
Prot

3
The two-hand control device shall be reactivated automatically before the-start
machine cycle.

PL.=e; and

the position sensors shall have at least the same level of integrity as the two-hand€o

.4 Access via the top side of machines with a horizontal closing movement of th

5s via the top side of machines with a horizontal closing movementofthe platen shall j
terlocking top guards in accordance with Protective Type IlcorPL. = d. This is 1
e safety distances from designated access or designated working positions in acco
3857:2008, Table 1 or the alternative described in 4.1.4.1-a¥e achieved, either by gua
ents on the machine acting as fixed guards. If the top<guard is connected to the m
ar guard in such a way that the top guard cannot beimoved independently, it does
ional interlocking. Closing the top guard shall not autematically initiate any further 1
start command shall be required at the side of theiachine where a cycle can be initiaf

.5 Machines processing materials that require de-gassing
ng. For this purpose:

he gap between the two mould suifaces shall not exceed 6 mm; and

his maximum opening shall-be monitored automatically by a control circuit in acco

he alternative control measures allowing the platen to close while the safeguard i
onform to PL, =c.

ot be initiated

des ofthe machine where a cycle cannot be initiated, interlocking guards in acco

petive Type III or PL, = e may be replaced by interlocking guards in accordance wit

htrol device.

of the next

le platen

e prevented
ot required
rdance with
rds or fixed
bvable front
not require
hovement. A
ed.

e during de-

rdance with

5 open shall

Hazards due to the closing movement of the platen on sides of the machine whiere a cycle

rdance with
h Protective

Typ

1 DI
11 Ul rhr — U.

Where the movement of the platen is hydraulically operated and Protective Type Il is used, opening of
these guards shall automatically:

— switch off the energy supply to the main drive for any hazardous movement; and
— shut off and discharge the hydraulic accumulator for the closing movement of the platen.

Where the movement of the platen is achieved by an electrical axis and Protective Type Il is used and
SS1 is used to prevent hazardous run-down (see C.2.3), an additional mechanical device (e.g. brake) or
equivalent system shall be installed. If a friction-based brake is used, it shall be regularly tested. Start
of production shall only be possible if the brake has been successfully tested within the last four weeks.
If the machine is operating continuously in automatic mode, it is not necessary to stop the machine
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for the test. In this case, a test is necessary before restarting production after the machine has been
stopped.

Closing the guard shall not automatically initiate any further movement. A new actuation of the start
device shall be required at the side of the machine where a cycle can be initiated.

4.2.3 Hazards due to movements other than the closing movement of the platen during
production

4.2.3.1 General requirements

The guards pr protective devices, as specified in 4.2.1 and 4.2.2, shall also protect against hazard$ due
to movemerts other than the closing movement of the platen during production.

If either a gllard is opened, a light curtain is interrupted, or an actuator of a two-hand control devijce is
released, then all of the following conditions shall apply:

a) arrestand prevent rotation of the plasticizing screw in accordance with Protective Type lor PL.=b
unless there is no splashing hazard (e.g. machines designed to process only materials which dp not
generatp splashing hazards during processing, or machines fitted with a shut-off nozzle in a closed
position});

b) arrest dnd prevent forward movement of the plasticizing screw or piston in accordance |with
Protectjve Type II or PL,. = c unless the machine is equipped with a shut-off device (e.g. ndzzle)
designe(d to resist at the maximum injection pressure;

c) arrest and prevent forward movement of the injection unitiin accordance with Protective Typg I or
PL.=Db;
r )

d) arrest dnd prevent movements of cores and ejectors, and their drive mechanisms in accordance
with Prptective Type Il or PL, = ¢;

e) arrest gnd prevent the closing movemeritiof the platen during mould height adjustment. If the
maximym speed of the mould height adjustment is:

1) <1Qmm/s, then Protective Typel or PL. = b shall apply;

2) >10mm/s and <33 mm/s, theh Protective Type Il or PL, = c shall apply;

3) >33 mm/s, then:
i) |for the side where a cycle can be initiated, Protective Type Il or PL,. = e shall apply;
ii) |for the side where a cycle cannot be initiated, Protective Type II or PL,. = d shall apply

f) arrest and.prevent the moving parts of the power-operated shut-off nozzle or splatter guard
(see 4.9/4Fand their drives in accordance with Protective Type Il or PL,. = ¢, if a hazard due to these
movementsexists;

g) arrest and prevent the rotational movement of the mould and its drive mechanism according to
Protective Type Il or PL, = d.

If the mould area is accessible through the nozzle aperture of the fixed platen (e.g. during changing
the mould), opening an interlocked guard for the nozzle area shall stop the closing movement of the
movable platen, in accordance with PL, = b.

4.2.3.2 Special modes for movements of cores and/or ejectors with protective devices disabled

To allow movements of cores and/or ejectors with the guard of the mould area opened or the light
curtain interrupted on the side where the movements of cores and/or ejectors are operated, a lockable
two- or three-position mode selector in accordance with ISO 12100:2010, 6.2.11.10 shall be used.
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The design shall ensure that, for each position not in use, circuits are completely isolated by positively
operated contacts or by redundant and monitored hardware.

In position 1 of the mode selector, movements of cores and/or ejectors shall only be possible with the
guard of the mould area closed or the light curtain not interrupted.

If a two-position mode selector is used, in position 2, either a) or b) below shall be activated.
If a three-position mode selector is used:

— in position 2, a) shall be activated; and

— In position 5, b) shall be activated.

a) In this mode, movements of cores and/or ejectors with the guard of the mould atéa’opened or the
light curtain interrupted are permitted only by means of:

1+ atwo-hand control device in accordance with ISO 13851:2002, Type H;\or

— ahold-to-run control device in accordance with PL,. = c and a redyced’speed of <10 thm/s for the
movements of the cores and/or ejectors; the speed control shallb€ in accordance with PL, = b;

b) In this mode:

1) awarning shall appear on the control panel and movements of cores and/or ejectofrs shall only
be possible after an acknowledgement by the operator: The warning shall remain o the control
panel as long as this mode is selected; and

2) movements of cores and/or ejectors with theiguard of the mould area opened or the |ight curtain
interrupted are permitted only after acknowledgement of the warning and by mears of:

— atwo-hand control device in accordance with ISO 13851:2002, Type II; or
— ahold-to-run control deviceif-accordance with PL, = ¢; and

3) in semi-automatic mode, coresout and/or ejectors forward movements are permitted without
two-hand control device er hold-to-run control.

If the¢ actuator of the hold-te=run control device is positioned on a portable control unit, |it shall be a
thre¢-position device with-the following features:

— Tosition 1: stop function (actuator is not operated);
— TPosition 2: startfunction (actuator is operated in its mid position);
— TPosition.3:; stop function (actuator is operated past its mid position);

— 3ftef the actuator has passed the pressure point to position 3, a restart shall only be ppssible after
fetarning the actuator to position 1.

If the hold-to-run control device is a foot pedal, the range of force required to reach position 3 shall be
between 200 N and 350 N.

See 6.2.7.

4.2.4 Use of control guards

As an alternative to interlocking guards, control guards (interlocking guards with a start function) as
defined in ISO 12100:2010, 3.27.6 may be used provided that:

a) therequirements of ISO 12100:2010, 6.3.3.2.5 are met with the following exceptions:

— 6.3.3.2.5, b), because long cycle times do not create additional hazards;
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— 6.3.3.2.5, ¢), because long opening times do not create additional hazards; and
b) therequirements of 4.2.1 and 4.2.3 are met; and
c) itisnot possible to gain whole-body access between the mould area and the guard (see 4.2.7); and
d) for machines with horizontal clamping unit:

1) dimension a for a machine without tie-bars (see Figure 10) is 2750 mm; and

2) dimension b in Figure 9 and Figure 10 for the control guard is <100 mm; and

3 d' | 1 b= - 1 L I an el e e d
1Starnces 51 dliu 52 DECUWCETIT LICTUAI S (STT LIgUult Jj, U LT LUTTTSPUITUITS UISTAIILTS 51 a1l 62

for A machine without tie-bars (see Figure 10), are <630 mm;
e) for machines with vertical clamping unit:

1) height h; in Figure 11 of the lower platen clamping surface above the operatoiis-Standing|level
is 2/50 mm; and

2) maximum distance h, in Figure 11 between the platens is <630 mm and the greater dimenpsion
of the platen is <1 000 mm; and

3) dinmension b in Figure 11 for the control guard is <100 mm.

2
|

r

7

Figure 9 — Examples of the positioning of movable guards and dimensions b, e, e, for machines
with horizontal clamping unit with tie-bars
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Figure 10 — Examples of the positioning of movable’guards and dimensions a, b, ¢
machines with horizontal clamping unit without tie-bars
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Figure 11 — Examples of the positioning of movable guards and dimensions b, h,, h, for
machines with vertical clamping unit (only the guard on the operator side is shown)
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for power-operated control guards:

— the release of the manual control shall be detected before each new machine cycle or after a stop of
the guard. Closing the guard shall require a new actuation of the manual control; and

for machines where the operator's action on the manual control is not maintained but the command

is stored in the memory until the guard is closed, the command in the memory shall be erased
whenever the time set for guard closing is exceeded or when the guard stops. This applies whether
the guard is fully or partly closed; and

see also 4.8.10.

4.2.5 Thelrmal hazards

Fixed and n
ejected plag
prevented b

See 6.2.10.

4.2.6 Add

Downstroki
Each device
by the man
over the con
brakes, ratc

novable guards of the mould area as described in 4.1.4 shall be designed to.contait
ticized material. The release of material from the plasticizing and/or injection barr
y the provisions of 4.2.3.

itional safety requirements for machines with a downstroking platen

Ing injection moulding machines shall be equipped with twojyindependent restraint dey
shall be able to hold the gravity load with respect to thésmaximum mould weight spec
ifacturer (see 6.2.9). Such restraint devices shall be automatically engaged and effe

het jam bar) when:

| any
bls is

rices.
ified
ctive

plete stroke and shall not permit any further dangeroeus movement of the platen (e.g. ising

— the movable guards of the mould area are opened;.ot

— the light curtain is interrupted; or

— amanugl actuator of a two-hand control device is released.

The safety function of the activation of thé restraint devices shall be in accordance with PL|= d,
category 3.

Where two |hydraulic restraint devices are installed, one of these devices may be used as one df the
shut-off devjces described in Protective Type III.

Where frictjon-based restraiit devices are used, their function shall be regularly tested by subsequent
engagement of each restraint device and confirmation of no movement of the machine. Start of
production $hall only bespossible if the restraining function has been successfully tested within the last
four weeks.|If the machine is operating continuously in automatic mode, it is not necessary to stop the
machine for|the test. In this case, a test is necessary before restarting production after the maching has

been stopped.

Where the platen is more than 800 mm in one of its dimensions, and the maximum distance between
platens can exceed 500 mm:

— atleast one of the restraint devices effective over the complete stroke shall be mechanical; or

— two hydraulic restraint devices effective over the complete stroke and one mechanical restraint
device effective in one safe service position shall be used.

Where mechanical restraint devices are installed, and if it is not possible to open the movable guard of
the mould area until the platen has reached its maximum opening stroke, mechanical restraint devices
that only become effective in that position are permitted.

In the event of a failure of one of the restraint devices, the other device shall stop the gravity descent of
the platen.
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The restraint devices shall be automatically monitored so that in the case of a failure of one of these
devices,

— this failure is automatically recognized; and

— the initiation of any further downward movement of the platen is prevented.

For maintenance operations on machines where a mechanical restraint device is not installed, the
machine shall be designed in a way that the movable platen can be blocked by a mechanical device
or that it shall be possible to move the platen to a position where further unintentional movement
by gravity is impossible. See also 6.2.11. The holding force of this mechanical device preventing the

desc

load,

Fori

— the correct engagement of the restraint devices has been detected; or

— the axis is in a safe position.

4.2.7 Additional requirements for machines where whole-body access is possible be
interlocking guard or light curtain for the mould area and theimould area itself

Safeguards additional to those specified in 4.2.1 and 4.2.2 shall be provided for the followir

— 1nachines with a horizontal distance of more thanp>100 mm between the guard and {
frame (see dimension b in Figures 9, 10 and 11), ef.with a horizontal distance of more t

For these machines, one of the followingprotective measures shall be provided:

a)

b)

hterlocking guards with guard locking, guard locking shall remain active until:

etween the light curtain and the machine frame; or

achines with designated access positions-between the guard or light curtain and thg
nd where the view of these access positions from the usual operating position is obstr

nt of the load shall he calculated with a safetv factor of at least 2 with respect to the anticipated

including the total weight of the mould and additional components fixed on the(dqwnstroking
platen (see 6.2.9).

tween the

g machines:

he machine
han 150 mm

mould area
ucted.

single or double acknowledgement system in accordance with Annex F for interlocking guards or

ight curtains;

mechanical latch which prevents the unintentional closing of interlocking guards
ollowing requirements:

— the mechanical latch shall become effective with each opening movement of the gul

be initiated. The position from which the mechanical latch is reset shall afford a ¢
the-area between the interlocking guard and the mould area; and

meeting the

ard; and

— it shall be'necessary to separately reset the mechanical latch before another machine cycle can

lear view of

—_the correct functioning of the mechanical latch shall be monitored at least once

during each

movement cycle of the guard, so that a fault in the mechanical latch will be automatically
recognized. Commencement of any further platen closing movement shall be possible only if no

faults have been detected; and

— forall power-operated guards fitted with a mechanical latch, the closing movement
shall be operated by a hold-to-run control device which is positioned to give a clear view of the

area between the interlocking guard and the mould area;

of the guard

c) a hold-to-run control device for power-operated guards with horizontal closing movement that
meets the following requirements:

— the safety function of the hold-to-run control shall be in accordance with PL,. = ¢; and
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— the hold-to-run control device actuator shall be positioned outside the protected area and in
order to provide a clear view of the area between the interlocking guard or light curtain and the
mould area; and

— the hold-to-run control device shall not be easily defeated (this may be achieved, for example,
by automatically monitoring that the manual actuator is released after each closing movement
of the guard);

d) adesign element of the guard which prevents the closing of the guard when an operator is standing
in the safeguarded area. It shall not be possible for the operator to easily bypass the design element
when the guard is open;

e) sensitivj
light cu

1) AOPRD in accordance with IEC 61496-1:2012, Type 2; or

2) pre
3) pre

4) AOKFDDR in accordance with [EC 61496-1{2012, Type 3.

The sen
wh

e protective equipment to detect the presence of persons between the movable glia
tain for the mould area and the mould area itself, for example:

ssure-sensitive mat(s) in accordance with ISO 13856-1:2013 and PL, = ¢;'or
ssure-sensitive floor(s) in accordance with PL. = c and:
designed in accordance with ISO 13856-1:2013; or

designed with limit switches which shall have positive opefation and shall be positivel
directly actuated by the platform. Where the limit switch’signals act on relays, these r
shall be redundant and monitored. The control system of the injection moulding ma
shall be so designed that a regularly test of the correct functioning of the floor, mini
once a month, is necessary before starting the production. In this test, the correct wo
of the limit switches shall be verified e.g. by stepping upon the platform or actuating a
switch. The specific test procedure and anynecessary test device shall be provided b|
machine manufacturer. See 6.2.12; or

sitive protective equipment shall become effective when the machine is switched on
bn persons are standing in this area, shall:

prevent the closing and-opening movement of the platen in accordance with PL,.=¢; a

in the case of a power-operated guard, prevent the closing movement of the gua
accordance with-Rls = ¢; and

accordance'with PL, = ¢; and

preventinjection in accordance with PL, = c.

4.2.8 Add
possible

prevent any)hazardous movement of the cores and ejectors (however see 4.2.3

rd or

y and
elays
thine
mum
'king
limit
y the

and,

hd

rd in

ianal . ; hi i hale-hod i 1d .

Safeguards additional to those specified in 4.2.1 and 4.2.2 shall be provided on the following
machine types:

a) machines with horizontal clamping unit and tie-bars (see Figure 9) where e; or e, > 1 200 mm. For
machines with two tie-bars, the relevant dimension is e;. For machines with three tie-bars, the
relevant dimension is the maximum clearance between two tie-bars;

b) machines with horizontal clamping unit without tie-bars (see Figure 10), where:

— 610

— a<

26

re,>1200 mm;or

850 mm and e, > 400 mm;
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2)

3)

4)

NOTE

IS0 20430:2020(E)

machines with vertical clamping unit and tie-bars where:

— e ore,>1200mm;and

— maximum opening between the platens >1 200 mm;
machines with vertical clamping unit without tie-bars where:
— one of the platen dimensions >1 200 mm; and

— maximum opening between the platens >1 200 mm.

For machines where the mould area is safeguarded by guards:

— devices which prevent the unintentional closing of interlocking guards such as:
— amechanical latch as specified in 4.2.7;

— ahold-to-run control device for power-operated guards with\horizontal closing
as specified in 4.2.7; or

— asingle or double acknowledgement system in accordance with Annex F;

For machines where the mould area is safeguarded by %ight curtains, a single ackno
gwitch as described in Annex F at each side where, there is a light curtain. After int
ne or more light curtain(s), an acknowledgement shall be carried out at each side of
yhere a light curtain was interrupted;

For machines with horizontal clamping unit,sensitive protective equipment to detect t
of persons in the mould area meeting the following requirements:

+ the sensitive protective equipment shall be in accordance with 4.2.7; and

detects the presence of persons in the mould area may be deactivated after closin
orresetting the light cuitains for the mould area if no presence is detected. The dete
shall be automaticallyréactivated in accordance with PL. = c when a guard is open
curtain is interrupted; and

1+ for machines-which are designed for special production purposes, e.g. machines
table in themiddle of the mould area, additional presence detecting devices may be
a doubleacknowledgement system in accordance with Annex F;

For machines with vertical clamping unit, one of the following protective devices shall |

— “an AOPD or AOPDDR as specified in 4.2.7 €) (see 6.2.13); or

F movement,

wledgement
rruption of
the machine

he presence

1+ to prevent unintentional stopping of production, e.g. due to falling parts, the device which

b the guards
ction device
ed or a light

with rotary
replaced by

be provided:

— if the [owest position of the clamping surface of the [ower platen is greater or equal to 750 mm
above the operator’s standing surface, a single acknowledgement system in accordance with

Annex F; or

— adouble acknowledgement system in accordance with Annex F.

access is possible.

Only one acknowledgement switch is necessary on each side of the mould area where whole-body

For mould loading/unloading operations inside the mould area designated access and designated
working positions in accordance with 4.8.8 are required.
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4.3 Clamping mechanism area or area behind the movable platen

4.3.1 Basicsafety requirements

Access to hazardous movements in the clamping mechanism area or to the area behind the movable
platen shall be prevented by one of the following devices:

a) interlocking guards. Opening the interlocking guards shall:

— interrupt all movements of the platen and the clamping mechanism in accordance with
Protective Type Il or PL,. = d; and

— intdrrupt the opening movement of the power-operated guard for the mould area in acedrdance
with Protective Type I or PL,. = ¢, if there is a hazard for any person accessing from the guard for
the|clamping mechanism area;

b) light curtains for the mould area, appropriately extended in a way to cover the clamiping mechanism
area. An interruption of the light curtain shall stop these movements in accordanee with PL. 5 d;

c) fixed gyards, if access is required only for machine repair or maintenance

Access to the area of hazardous movements of the core and ejector drive meChanisms shall be prevgnted
by interlockfing guards in accordance with Protective Type I or PL, = c oty fixed guards.

NOTE Agcess to the area of hazardous movements of the core and ejector drive mechanisms can be prevented
by the guard$ for the clamping mechanism area described above.

When the gyards for the mould area are open, or the light curtains are interrupted, or a manual actyiator
of any two-land control devices are released, an opening movement of the platen shall only be pogsible
if access to qrushing and/or shearing points behind the movable platen is prevented.

4.3.2 Additional safety requirements for machines with an upstroking platen

On upstroking injection moulding machines; shearing or crushing hazards below the movable p|aten
shall be preyented by a restraint device (e.g. non-return valve/check valve, brake):

— when they are due to unintentional)gravity descent of that platen during setting the strokes fqr the
cores and ejectors; or

— when itfis possible to gain access under the movable platen during production.
The restraint device shall.be:

— activatgd when the'\guards for the clamping mechanism area have been opened or the light curfains
have begn interrupted or a manual actuator of any two-hand control devices have been released; and

— effectivp ever the complete hazardous stroke of the platen; and

— able to hold the maximum total weight of the mould fixed on the upstroking platen as specified by
the manufacturer (see 6.2.9).

For repair or maintenance operations on machines where a mechanical restraint device is not installed,
the machine shall be designed so that:

— the movable platen can be blocked by a mechanical device; or

— it is possible to move the platen to a position where further unintentional movement by gravity is
impossible.

See also 6.2.11.
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4.3.3 Additional requirements for machines with toggle systems

If unexpected movements of the movable platen (typically opening movement) due to stored energy in
the toggle system are possible:

— additional measures (e.g. brake, valve) shall be applied to prevent these unexpected movements; or
— fixed guards shall be used; or

— interlocking guards with guard locking shall be used; guard locking shall remain effective as long as
the stored energy can create hazardous movements.

See §4.2.8.

4.4 | Area of movement of cores and ejectors and their drive mechanisms|outside the
mould and/or clamping mechanism areas

Acceps to movement of cores and ejectors and their drive mechanisms @utside the mpuld and/or
clam‘ring mechanism areas (see Figures A.2 and A.3, item 3) shall be preyented by:

interlocking guards in accordance with Protective Type I or PL, 5 ¢;or

— the light curtains of the mould area extended to cover this,dréa and providing a safety function in
gccordance with PL.=d; or

— flixed guards.

Movements of cores and/or ejectors with the guard afithis area open or the light curtain|interrupted
may pe allowed by applying 4.2.3.2.

4.5 | Nozzle area

4.5.1 Mechanical hazards

Expdsure to mechanical hazards.in the nozzle area shall be prevented by interlocking |guards or a
combination of fixed and interlocking guards. Those guards shall be dimensioned so as fo cover the
whole area of operating movement of the nozzle during production. For machines with f horizontal
injection unit, an opening/in the nozzle guard underneath the nozzle, if needed for technicgl or process
reasons, is permissible,

Intenlocking guards shall be in accordance with Protective Type I or PL. = c.

For the forward\movement of injection unit, the calculation of the overall system stopping performance
may pe carried’out without considering any failures.

The 11esign of the guards shall prevent hazards caused by splashing of hot plasticized material.

When the interlocking guard is opened, the following movements shall be arrested and prevented in all
positions of the injection unit:

— the forward movement of the injection unit(s); and
— the forward movement of the plasticizing screw or piston; and

— the rotation of the plasticizing screw unless there is no splashing hazard (e.g. machines designed
to process only materials which do not generate splashing hazards during processing or machines
fitted with a mechanically operated shut-off nozzle); and

— the movements of the power-operated shut-off nozzle and its drive when there are crushing and/or
shearing hazards.
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The guards mentioned above are not necessary where the hazardous moving parts are safeguarded by
distance guards in accordance with ISO 13857:2008, Table 1 and where there is no splashing hazard.

On machines with both a horizontal injection unit and a vertical injection unit, additional guards shall

be provided

unless the guards surrounding the machine already prevent the splashing hazard.

If changing the plasticizing screw or the non-return valve/check ring valve (backflow lock for the melt)
requires the nozzle guard to be opened or the injection unit to be positioned outside the nozzle guard,
the movement of the plasticizing screw and the injection unit shall only be possible:

in manual mode, that shall be selected according to ISO 12100:2010, 6.2.11.10; and

with thg

10 % of

When the ix
be prevente
off nozzle, if

See also 6.2

4.5.2 Thermal hazards

Hazards gerj
described i

When the iy
be prevente
off nozzle, if

See also 6.2

4.6 Injec

4.6.1 Meq

Access thro
screw and/(

a) guards,
or feedi

b) enclosiy

by means of a hold-to-run control device providing a safety function in accordance with PL, =

e speed of the linear movement limited < 33 mm/s; and
the maximum speed as maximum for rotational movement.

terlocking guard is opened gravity fall of inclined/vertical plasticizing)screw/piston
d by a restraint device, e.g. a non-return valve/check valve or a mechanically actuated
this can create a dangerous ejection of hot plasticized material.

14.

erated by hot plasticized material coming from the nezzle shall be prevented by the gt
4.5.1.

terlocking guard is opened gravity fall of in¢lined/vertical plasticizing screw/piston
d by a restraint device, e.g. a non-return valve/check valve or a mechanically actuated
this can create a dangerous ejection of hot plasticized material.

14.
lion unit area

hanical hazards

igh the feed opening’to the crushing, shearing and/or drawing-in points at the plastid
r the injection/piston shall be prevented by:

applying 1S©-13857:2008, Table 1 and 4 (e.g. by the presence of a permanently fixed hd
ng system,acting as a distance guard); or

g guards, applying ISO 13857:2008, Table 4; or

; and

shall
shut-

ards

shall
shut-

izing

pper

<)

interlocKing guards Im accordance with Protective 1ype I of PL_= C (€.g. removable nopper acting

as an interlocking guard) or light curtain (if there is no splashing hazard) to prevent any hazardous
movement in case of access via the feed opening to hazardous point; or

d)

applying the following dimensions:

— the diameter of a round or side length of a rectangular feed opening shall be smaller than or
equal to 50 mm and the distance between the feed opening and the plasticizing screw shall be
atleast 120 mm; or

if the diameter of a round or side length of a rectangular opening is bigger than 50 mm, parallel

bars shall be installed to reduce the dimensions of the opening, with a maximum distance of
25 mm between 2 adjacent bars, and a minimum distance of 120 mm between the bars and the
plasticizing screw.

30
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Where the minimum gap between the fixed platen and the hopper or any part of the injection
unit at a height between 1 300 mm to 1 700 mm above the floor is less than 300 mm for the head
(see ISO 13854:2017):

— afixed distance guard or an enclosing guard, an interlocking guard or a protective device (e.g. light
curtain) in accordance with PL, = ¢ shall be installed; and

— if an interlocking guard is used, it may be the same as the one specified in 4.5.1 provided that also
the injection unit area is covered; and

— opening the interlocking guard or actuating the protective device shall stop the forward movement
of the injection unit; and

— 1novements of the injection unit when the guard is opened or the protective devicelis,aqtuated shall
nly be possible:

1+ in manual mode that shall be selected according to ISO 12100:2010, 6.2,12.10; and

+ by means of a hold-to-run control device providing a safety function in accotdance with
PL.=c; and

+ with the speed of the movement limited to < 33 mm/s; and
1+ with an unobstructed view to the hazard zone.

Hazards due to movement of the drive mechanisms of parts.ef the injection unit shall be prevented by:
— gafety distances in accordance with ISO 13857:2008; Table 1 and Table 4; or

— fiixed guards; or

n interlocking guard) or light curtain to-prevent any hazardous movement in case of agcess via the

— }nterlocking guards in accordance with Protective Type I or PL,. = c (e.g. removable hopper acting as
eed opening to the hazard.

See qlso 6.2.14.

4.6.2 Thermal hazards
The requirements in accordance with 4.5.2 shall be met.

Heat| insulation of the) plasticizing and/or injection barrels shall be provided so that, for a barrel
temperature of 240°C, the temperature of the surface of the insulation does not exceed the|limit values
in acfordance with ISO 13732-1:2006 considering a contact period of 1 s.

Surfjce temperature reduction can be achieved by direct insulation of the barrel in th¢ immediate
vicinfity/of{the heater bands or by distance guards, covering the full length of the plastjcizing and/
or injéetion barrels. If this guarding incorporates a movable guard, an additional diredt insulation
of the heater bands is necessary. This additional insulation needs not to meet the requirements of
ISO 13732-1:2006.

Additional direct insulation at the heater band next to the nozzle is not necessary if:

— the interlocking guard of the nozzle area prevents access to this heater band when the nozzle is in
the operative position; or

— the distance guard covering the plasticizing and/or injection barrels is designed to prevent access
to this heater band when its movable guard is closed.

Hazards due to the plasticized material being released from the vent opening shall be prevented by a
guard able to contain this plasticized material.

See 6.2.14.
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4.6.3 Mechanical and/or thermal hazards

The temperature of the plasticizing and/or injection barrels shall be automatically monitored to ensure
that the temperature does not exceed the maximum permissible value set by the manufacturer with
regard to the mechanical strength of the barrel (see 6.2.14).

The energy supply to all heating elements of the barrel shall be automatically interrupted in the
following cases:

— maximum permissible limit value is reached;

— afaultin the temperature control.

These requirements do not apply to injection moulding machines designed for processing(material
which does pot create splashing hazard during processing or when the heating system is such thdt the

maximum limit value allowed by the mechanical strength of the barrel cannot be exceeded.

4.7 Discharge area

Access to any hazardous movement through the discharge aperture shall be(pyevented by one df the
following mpasures:

a) by meeting the limits for the dimensions shown in Figure 12 in any-direction by using fixed guards

if necesp

ary, with:

— b =H50 mm for a <100 mm;

— b 2550 mm -a) for a 2 100 mm; or

b) interlodking guards in accordance with Protective. Type I or PL. = ¢; or

c) AOPDiq

accordance with IEC 61496-1:2012, Type 2.

These safegpards shall not be used to re-initiaté.a cycle.
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Figure 12 — Dimensions of the discharge area
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4.8 Safety requirements and/or protective measures against hazards not associated
with a particular area of the machine

4.8.1 Hazards due to flexible hoses

For flexible hoses with pressures higher than 5 MPa (725 psig) for hydraulics and higher than 1 MPa

(145

psig) for pneumatics the following shall apply:

— hose assemblies shall be manufactured only using hose fittings whose correct functioning has been
verified in accordance with the relevant product standard and shall be rated for the intended use;

— Ihazardous hose whip shall be prevented by:

— theratio of the burst pressure of the hose and fitting to the maximumworking pressur

q
— 1

q

See 3

4.8.2

To p1
be d

To p
flexil

4.8.3
If sp
main
of th
mach

See 3

4.8.4

+ additional attachment of the hoses e.g. by chains, cables or brackets; or

ghall not be used. Appropriate connections can be flanged.joints, flared unions or cq

— enclosing guards (see ISO 14120:2015); or

— hose assembly types fulfilling proof pressure hold test according to1S0 1402:2009

ircuit shall be in accordance with ISO 7751:2016, Table 1; and
o prevent unintentional detachment from connection pointsjcutting ring fittings for hg

onnections.

Iso 6.2.17.

Release of fluids under pressure

event the uncontrolled release of fluidsunder pressure, hydraulic and pneumatic equ
signed in accordance with ISO 12100:2010, 6.2.10, ISO 4413:2010 and ISO 4414:2010.

Fevent release of pressurised fluids from hose assemblies, the requirements listed
ble hoses and their connections shall be met.

Hazards during adjustment and maintenance

8.1;

b in the fluid

se assembly
nical nipple

pment shall

in 4.8.1 for

tenance operatipiis-that shall be carried out by the user (e.g. for fitting the tie-bar n
e plasticizing sCrew or barrel, adjustment of the timing belts), these shall be made ava
line manufaéturer.

1so 6.2.18

ecial tools and equipment not commonly available on the market is needed for a‘j{ustment or

s, changing
ilable by the

Electrical hazards and hazards due to electromagnetic interference

4.8.4.1 General

The electrical equipment of the machine shall be in accordance with the relevant requirements of
IEC 60204-1:2016.

NOTE See the Foreword of IEC 60204-1:2016 for differing practices in some countries.

In particular the following requirements shall be adopted:

4.8.4.2 Basic protection

Protection against direct contact shall be in accordance with IEC 60204-1:2016, 6.2.
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4.8.4.3 Fault protection

Protection against indirect contact shall be in accordance with [EC 60204-1:2016, 6.3.

4.8.4.4 Protection against ingress of solids and liquids

Electrical equipment shall have enclosures in accordance with

[EC 60204-1:2016, 11.3.

affording protection

4.8.4.5 Protection against electromagnetic interference

netic
ronic

The electrigal circuit of the machine shall have a sufficient level of immunity to electromag
disturbancels so it can function in its environment. During installation of electrical and elect

componentd, the machine manufacturer shall follow the wiring recommendations for installation and
use providefl by the component manufacturer.

4.8.5 Thermal hazards

To prevent purns due to unintentional contact with heat conditioning hoses andfittings, fixed gyards
or insulation shall be provided for parts accessible outside of the areas protected by guards, where
the maximym operating temperature can exceed the limit values determined in accordance |with
[SO 13732-1f2006 considering a contact period of 1 s.

Injury causgd by escaping fluids from uncovered heat conditioninghoses and fittings shall be prevgnted
by guards.

4.8.6 Hazards generated by noise

Injection m
emission of

The main sdurces of noise are:

— the hyd

moving

air reled

NOTE1 IS

NOTE2 IS

For the hydy
Noise reduc
noise reduct

pulding machines shall be designed and\¢onstructed so that risks resulting from the
hirborne noise are reduced.

raulic system, especially during injection;

mechanical parts;

ise.

0/TR 11688-1:1995gives useful information on the design on low noise machinery.

D/TR 11688-21998 gives useful information on noise generating mechanisms in machinery.

ents.
ional
sure.

aulic system, noise reduction can be achieved by selecting low-noise emission compon
fionforthe pneumatic system can be achieved by the application of vent silencers. Addit]
ien can be achieved by using low-noise drive components or partial or complete enclo

Other noise

raduiction maacnirac with cimidlay ar highaor afficioney can ha nicad
HeaSure S Wien-SH o g e ee ney

oot tro Corrotoottr

See 6.2.24 and Annex I.

4.8.7 Haz

The machin
extraction o

ards generated by gases, fumes and dusts

e shall be designed in a way that an exhaust system can be fitted or positioned for the
f harmful substances.

See also 6.2.19.
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4.8.8 Slip, trip and fall hazards

The manufacturer shall provide permanent safe means of access in accordance with ISO 14122-1:2016,
ISO 14122-2:2016, ISO 14122-3:2016 and ISO 14122-4:2016. If this is not possible due to technical or
functional reasons, the machine shall be designed so that it is possible to use a non-permanent safe
means of access which shall be provided by the manufacturer (see 6.2.20).

Designated access positions and designated working positions on the machine shall be:

— i

ndicated on the general layout of the machine supplied to customer (see 6.2.21); and

— designed to minimize the hazard of slipping and tripping due to granules and oil leakages; and
— (Lesigned to minimize the hazard of falling from heights 21 000 mm above floor level;

Surf(
be m

4.8.9

Hydr
1SO 4

See 4

4.8.1

For |
exce

Whe
shall
in ac

In ad|

q

q

—

q

The

ices which are not safe to access that can be wrongly considered a designated-aceess p
arked with a prohibition sign.

Hydraulic and pneumatic systems

aulic and pneumatic systems shall be designed in accordance with ISO 441
414:2010.

Iso 6.2.23.

0 Power-operated guards

power-operated guards, the contact forces toxwhich an operator can be exposed
ed 300 N.

Fe the contact force exceeds 75 N, a pressure-sensitive edge in accordance with 1SO 1]
be supplied. Actuation of the pressure“sensitive edge shall stop the closing movement
rordance with PL. = c.

dition, where the contact force exceeds 150 N:

dctuation of the pressure-sensitive edge shall allow the reversing movement without

idditional hazards; and

losing of the guard’shall be achieved by a hold-to-run control device providing a safetj

accordance with®L; = b.

actuator to ‘efose the guard shall be positioned so as to give the operator a clear

hazalrd zone.

If the
guar

re is\a-failure in the power supply to the operation of the guard, any hazardous movy{
d due to gravity shall be prevented.

psition shall

3:2010 and

to shall not

$856-2:2013

of the guard

‘reating any

F function in

view of the

bment of the

4.8.11 Hazards due to unintentionally interrupted forward movement of the screw/piston

If the forward movement of the screw/piston is interrupted unintentionally, a visual and/or audible
alarm shall be generated.

See 6.2.16.
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4.9 Additional safety requirements and/or protective measures associated with
specific machine design

4.9.1 Shuttle-table machines/machines with sliding table/platen and turn-table machines and
carousel machines

Access to movements of the table/sliding platen/carousel shall be prevented by one or more of the

following sa

feguards:

fixed guards;

interlod

light cu
Protect

scannel|

pressur

with PL

Opening thg
sensitive m
hazardous n
unintention
automatical

For maching
is >100 mm
be used.

If safeguard
relevant req

Where pres
area of pres

Where verti
prevented a

4.9.2 Multi-station inachines with mobile injection unit

Access to m
fixed guardj

s in accordance with IEC 61496-3:2008, Type 3, acting on a control circuit PL, = d;
e-sensitive mats or floors in accordance with ISO 13856-1:2013 and Pk, = d;
two-hand control devices in accordance with ISO 13851:2002, Type III B, acting on a control ci
=d.
r

Ing guards 1n accordance with Frotective Type 1l or l"'Lr =d,

[tain in accordance with IEC 61496-1:2012, Type 2, acting on a control in accordance
ve Type Il or PL. = d;

interlocking guard, interrupting the light curtain or seanner, or actuating the pres
ht or floor, or releasing a manual actuator of the tweo<hand control device shall sto
hovement of the table/sliding platen/carousel. On mdchines with horizontal axis of rotg
hl movement due to the imbalance of the rotating;table during mould changing sh{
ly prevented (e.g. by a mechanical pin, motor brake).

s where a horizontal distance between the@arousel/table/sliding platen and a safeg
for guards or >150 mm for light curtains, additional safeguards as specified in 4.2.7

s also serve as a guard for the-mould area, the safeguards shall also comply wit}
uirements in 4.2.

sure-sensitive mats or floors are used to stop hazardous movement, the size of the sei
sure-sensitive mats or floors shall be in accordance with ISO 13855:2010.

cal movement of the)shuttle-table is possible, gravity descent of the shuttle-table sh3
5 described in 4.949.

ovements of the mobile injection unit between the clamping units shall be preventg
and/or interlocking guards in accordance with Protective Type Il or PL, = d.

with

rcuit

sure-
b the
tion,
11 be

uard
shall

1 the

nsing

111 be

d by

Where the interlocking guards also allow access to the mould area, the requirements specitied in 4.2
shall also apply.

For machines where a horizontal distance between the guard and the mobile injection unit is >100 mm,
safeguards as specified in 4.2.7 shall be used.

4.9.3 Cell

ular foam injection moulding machines

On cellular foam injection moulding machines, injection units with shut-off nozzles which automatically
close when the interlocking guards are opened shall be used. The interlocking shall be in accordance with:

— Protective Type Il or PL,. = d for the guards for the mould area; and

— Protective Type I or PL, = c for the guard for the nozzle area.
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In addition, the following shall apply:
— the shut-off nozzle shall prevent leakage even when the maximum back pressure is applied; or

— the pressure, when opening the guards, shall be reduced to such a level that release of the melt from
the closed nozzle is prevented.

The closed position of the nozzle shall be automatically monitored at least once during each cycle of
the guard. In case of a failure, initiation of the next machine cycle shall be prevented and an alarm
shall be given.

See also 6.2.22.

4.9. Additional requirements for machines where the injection unit discharges towards the
operating position

4.9.4.1 General

Safeguarding of the mould area on the operator’s side of machines wheré the injection unif discharges
towards the operating position (see Figure 13) shall be implemented by

— énclosing guards or interlocking guards without openings. The design of any window ih that guard
hall be able to withstand the maximum injection pressureand the maximum injectior speed; or

— light curtains in combination with a splatter guard (se&4.9.4.4).

See 4.2.15.

Figure 13 — Examples of machines where the injection unit discharges towards the operating
position

4.9.4.2 Ejection of material due to the forward movement of the plasticizing screw or piston

When the interlocking guards of the mould area are open, ejection of material due to the forward
movement of the plasticizing screw or piston shall be prevented in accordance with:

— Protective Type Il or PL. = d. The movement of the plasticizing screw or piston shall be automatically
monitored. If there is forward movement of the plasticizing screw or piston when the guard is
open, the drive of the injection movement shall stop in accordance with stop category 0 or 1 of
IEC 60204-1:2016, 9.2.2; or
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— Protective Type lll or PL, = e.

4.9.4.3 Uncontrolled ejection of material

Uncontrolled ejection of material shall be prevented by one of the following measures:

a)

b)

d)

38

by design of the machine and the control system meeting the following requirements:

— mat

erial can be injected only in the part of the mould attached to the fixed platen; and

— the injection can be possible only if the contact force actuated by the nozzle on the mould is

detectedin-accordance with Pl —; and

— the

is rfot detected, the forward movement of the plasticizing screw/piston shall be stopp¢
spefified in 4.9.4.2 and the heating shall be stopped in accordance with stop‘categoryj

[EC

by a mechanically (e.g. spring) or power-operated splatter guard meeting the follo
requirements:

— the

thejmould prior to mould opening; and

— the|closed position of the splatter guard shall be interlocked with the opening movement g
motld in accordance with Protective Type I or PL, = c. Théjtlosed position of the splatter g

sha

— ifth

givén; and

— ifth

preyent the opening of the power-operatéd splatter guard in accordance with Protective T

or K

by a mechanically (e.g. spring) eor -power-operated shut-off nozzle meeting the follo
requirements:

— the

motild opening; and

— the
the

presence of that part of the mould on the fixed platen shall be detected; if its-preg

60204-1:2016, 9.2.2;

splatter guard shall automatically move in front of the nozzle when the nozzle is movsg

1 be automatically monitored in each movement-cygle of the splatter guard; and

ence

bd as

0 of

wing

d off

fthe
uard

ere is a failure, initiation of the next machine cycle shall be prevented and an alarm shall be

ere is no mould or the mould is not closed, the opening of the guard of the mould area

L.=c

shall
ype |

wing

shut-off nozzle shall.automatically close when the nozzle is moved off the mould prior to

closed positiofivof the shut-off nozzle shall be interlocked with the opening movems
mould in aceordance with Protective Type I or PL, = c. In all cases, automatic monit

nt of
bring

of the closed-position of the shut-off nozzle is required in each movement-cycle of the shiit-off

noz

— ifth

zle; and

ere is'a failure, initiation of the next machine cycle shall be prevented and an alarm sh

11l be

givd

bn-and

— if there is no mould or the mould is not closed, the opening of the guard of the mould area shall
prevent the opening of power-operated shut-off nozzle in accordance with Protective Type I or

PL,

=

by a mechanically (e.g. spring) or power-operated splatter guard or shut-off nozzle combined with
interlocking guards with guard locking meeting the following requirements:

— the unlocking of the guard of the mould area shall only be possible when the splatter guard or
shut-off nozzle is in the closed position; and

— itshall only be possible to open the splatter guard or shut-off nozzle when the guard is locked; and

— both interlocking functions shall be in accordance with PL. = c.
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4.9.4.4 Additional requirements when light curtains are used

If light curtains are used, then a splatter guard in front of the nozzle shall be installed meeting all
following requirements:

a)

b)

d)

f)

g)

5

the splatter guard shall automatically move in front of the nozzle when the nozzle is moved off the

mould prior to mould opening; and

the design of the splatter guard shall take into account the maximum injection pressure and the

maximum injection speed; and

the closed position of the splatter guard shall be interlocked with the opening movement of the

mould in accordance with:

automatically monitored. If there is forward movement of the plasticizingSerew or
the splatter guard is open, the drive of the injection movement shall stap in acco
stop category 0 or 1 of IEC 60204-1:2016, 9.2.2; or

— Protective Type Il or PL. = ¢;

and

ovement- cycle of the splatter guard; and

— Protective Type Il or PL. = d. The movement of the plasticizing screw c@r pisfon shall be

piston when
rdance with

all cases, automatic monitoring of the closed position af the splatter guard is requiired in each

if there is a failure, initiation of the next machine cycle shall be prevented and an alarm shall be

iven; and

if there is no mould or the mould is not closed;'the opening of the power-operated sp
ghall be prevented in accordance with:

when the mould is open, the dnive of the injection movement shall stop in accordan
category 0 or 1 of IEC 60204-1:2016, 9.2.2; or

— Protective Type Il orPL = e;

4nd
nozzle on the-mould is detected in accordance with PL. = c.

Verification of the safety requirements and/or protective measures

|atter guard

— Protective Type II or PL. = d. The movement of the plasticizing screw or piston shall be
automatically monitored. If thete' is a forward movement of the plasticizing scrgw or piston

ce with stop

the injection shalhbe possible only if the mould is closed and the contact force actyated by the

Testg shall be carried out to verify the safety requirements and/or protective measures irf accordance
with Tabte £

Functional testing of safeguards in accordance with the Annexes C to E or with PL. = ¢ (except for
category 1 with respect to ISO 13849-1:2015 and the performance level), d or e shall also include the
simulation of faults which are likely to occur.
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Table 1 — Verification methods

Verification methods

Clause Item Visual Functional Measurement | Calculation
inspection test

4.1.2 Basic requirements — Start, X X
stop and restart functions

4.1.3 Basic requirements — X X
QTTTIcT SC1ICy otuy

41.4 Basic requirements — X X X ()t)
(Guards (\Q

4.1.5 Basic requirements — ESPE X X X Q Yx
ip the form of light curtains T:b

4.1.6 |Basicrequirements — Two- X X X (]9 X
hand control devices e

4.1.7 Basic requirements — X X @V X
Rressure-sensitive devices r‘\\

4.1.8 Basic requirements — X Q ~ X
Automatic monitoring D

4.1.9 Basic requirements — X X \\\( X
(Gravity movements KQ

4.2.1 |Mould area — Platen X \(g; i X X
hovement — Operator sides U0

4.2.2  |Mould area— Platen X N x X X

%

movement — Non- \&\
dperator sides Me)

42.3 |Mould area — Other X C\)J{' X X X
novements AN

4.24  |Mould area — Control guards| - \’5( X X

4.2.5 Mould area — Thermal @ X
hazards FCD

4.2.6 Mould area — O . X X X X
Downstroking platenC~

427 |Mould area— Whdlesbody X X X X
gccess betwee rds/
light curtain mould area

4.2.8 |Mould aréa >~ Whole-body X X X X
gccessitounould area

431 | 1@61;; mechanism X X X X
drea/area behind movable
platen

4.3.2 |Clamping mechanism X X
area — Upstroking platen

4.3.3 |Clamping mechanism X X X
area — Toggle system

4.4 Area outside the mould/ X X X
clamping areas — Core/
ejector drive mechanisms
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Table 1 (continued)
Verification methods
Clause ftem Visual Functional Measurement Calculation
inspection test
4.5.1 Nozzle area — X X X
Mechanical hazards
4.5.2 Nozzle area — Thermal X
hazards
4.6.1 Injection unit area — X X X X
Mechanical hazards
4)6.2  |Injection unitarea — X X X fLQ
Thermal hazards A
4)6.3 |Injection unit area — X X QV
Mechanical/thermal Ny
hazards X b‘

4.7 Discharge area X X r\‘ X
4/81  |Flexible hoses X G_)\j X
48.2 Release of fluids under X o X

pressure &
4.3 |Adjustment and X Q\
maintenance \\Q
4)8.4 Electrical hazards and X S\Q\‘ X X
electromagnetic
interference QN
48.5 |Thermal hazards X 0.® X
4/8.6 |Noise hazards X\ X X
418.7 Gases, fumes and dusts , \9(
48.8  |Slip, trip and fall LO° X X
4189  |Hydraulic and . Q) X X
pneumatic systems ¢ -
4.8.10 |Power-operated gu‘e_l(a;\\ X X X X
4811 |Unintended forward X X
movement in ytion
of the screw&ton
4001 [Shuttle-tabte/ X X X X
slidin e/platen/
tu le/carousel
‘l@ine
4.2 , PMulti-station machines X X X X
4P3 | cellular foam injection X X X X
Moulding machines
49.4 Machines where the injec- X X X X
tion unit discharges towards
the operating position

6 Information for use

6.1 General

Information for use shall be provided in accordance with ISO 12100:2010, 6.4.
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Instruction handbook

eral

The manufacturer shall provide an instruction handbook for each injection moulding machine in
accordance with ISO 12100:2010, 6.4.5. The handbook shall include

general

instructions for use;

clear information about the intended use of the machine, specifying in particular if the machine is

intended solely for processing material that does not create splashing hazards during processing;

informa

6.2.2 Emg

The manufa

6.2.3 Ove

The manufg
platen for w|

6.2.4 Stopping time

The manufg

respect to the activation of the light curtains, pressure-sensitive mats and floors and two-hand co

devices at le

6.2.5 Light curtains

The manufa

The manufacturer shall indicate that on.ah.injection moulding machine equipped with light curt

moulds prot

6.2.6 Moulds and extensions

The manufa|
not create a

The manufi
movements

6.2.7 Moy

tion described in 6.2.2 to 6.2.25.

brgency stop

cturer shall specify the effects of the emergency stop (see 4.1.3).

rall system stopping performance

cturer shall specify the maximum overall system stopping performance of the moj
hich there is no fixed guard or no interlocking guard with gaard locking.

cturer shall indicate that the user shall verify the stopping time of the movement

ast once a year.

cturer shall give adequate instructibns on the verification of the stopping time.

ruding from the mould areashall not create a hazard.

cturer shall indicate that the moulds and extensions protruding from the mould area
hazard.

icturer shall indicate that the integrator of the mould is responsible to ensure
of ejectors’and/or cores do not create a dangerous run-down.

rements of cores and ejectors

yable

with

ntrol

ains,

shall

that

If alternative a) in 4.2.3.2 is applied and hold-to-run control is used, the manufacturer shall indicate
that the components in the kinematic chain shall be selected and arranged so that the maximum speed

of cores and

ejectors is <10 mm/s.

If alternative b) in 4.2.3.2 is applied, the manufacturer shall indicate that it is the responsibility of the
user to ensure that if this mode is selected, the design of the mould, cores and ejectors and their drive
mechanisms prevent access to shearing or crushing areas created by the movements of the cores and
ejectors and their drive mechanisms.

42
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6.2.8 Machines with toggle systems

A warning shall be included in the information for use regarding the potential for unexpected movement
of the movable platen due to stored energy in the toggle mechanism. The manufacturer shall give
instructions on the safe discharge of stored energy:.

6.2.9 Machines with a downstroking or upstroking platen

The manufacturer shall specify the maximum permitted total weight of the mould on the downstroking
or upstroking platen.

6.2.10 Thermal hazards in the mould area

The fnanufacturer shall specify which items of personal protective equipment againstther
shalllbe provided by the user to operators working in this area.

6.2.11 Maintenance operations on machines with vertical clamping unit

For

machines with downstroking or upstroking platen, the manufdcturer shall descr

blocking of the platen for maintenance operations.

6.2.12 Machines where whole-body access is possible

The manufacturer shall indicate how the function of pressure-sensitive floors shall be tested

6.2.13 Presence detecting devices in the mould area

The

manufacturer shall indicate that presence-sensing devices in accordance with 4.2.7

requjre readjustment after a mould change.

6.2.14 Injection unit

The manufacturer shall:

give information for changing the plasticizing screw and the non-return valve/chec
backflow lock) for the melt;

give information fot-selecting and for assembly/disassembly of the nozzle;

indicate that only nozzles, plasticizing and/or injection barrels and their fastening bolts
y the manufacturer shall be used;

indicatethat due to insufficient pre-drying or degradation of certain plastic materials, u
jection from the nozzle or the feed opening can occur, which requires that ope
ppropriate personal protective equipment;

mal hazards

be the safe

by the user.

or 4.2.8 can

k ring valve

as specified

hintentional
rators wear

indicate that exposure of plastic materials to high heat for times longer than safe processing time

shall be prevented by the user;

specify the maximum permissible limit value of the temperature of the plasticizing and/or injection

barrels;

specify proper personal protective equipment for work at the purge [nozzle] area, barrel end area,

barrel vent port and feed throat area;

indicate the procedure to be followed to remove cold plugs.
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6.2.15 Machines where the injection unit discharges towards the operating position

The manufa

cturer shall indicate:

of the material supplier;

that some materials can emit harmful gases, fumes, mist or dust during processing;

the barrel;

that the user shall set the heating parameters of the machine in accordance with the specifications

the risks due to degradation of the material due to excessive temperature and/or residence time in

that at1

for whi
shall be|

6.2.16 Inte

The manufa
high pressu

6.2.17 Fley

The manuf3

replacement.

6.2.18 Adj

The manufa

indicatd

— give inf
plastici
equipm

6.2.19 Exhpust system

The manufa

indicatg

indicatg
by the u

past a face-shield and gloves shall be worn during setting, start-up and fault-finding,-ef

th moulds and which materials the machine is designed and under which circuthstan
used (e.g. for avoiding the case of splashing hazards).

rrupted forward movement of the screw/piston

cturer shall specify that if the forward movement of the screw or pisten is not complet
e can be present in the injection unit and give instruction to reduce’this.

ible hose assemblies

cturer shall give information on regular inspections ¢f flexible hose assemblies and

Istment and maintenance
cturer shall:
all maintenance and service operations and its frequencies;

brmation for adjustment and mdintenance (e.g. for fitting the tie-bar nuts, changing g
ring screw or barrel, adjustment of the timing belts) and how to use the special toolj
Ent.

cturer shall:
that some matérials can emit harmful gases, fumes, mist or dust during processing; a

that when/these conditions exist, an exhaust ventilation system shall be fitted or positi
ser; and

— give inf

(o

res it

ed, a

their

f the
and

oned

prmation concerning the fitting or positioning of the exhaust system.

The manufacturer shall indicate that where nitrogen is used in the process, the oxygen content shall be
verified prior to any intervention in confined spaces.

6.2.20 Non-permanent safe means of access

The manufacturer shall indicate:

the space to be reserved in order to install and use the non-permanent means of access;

the necessary precautions when installing and using the non-permanent means of access;

machine cannot be reached from those means of access.
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the correct positioning of the non-permanent safe means of access so that hazard zones of the
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6.2.21 Designated access and working positions

The

manufacturer shall indicate:

that all positions which are not designated in accordance with 4.8.8 may not be used
working positions;

as access or

that it is the user’s responsibility to maintain the floor and the designated access and working

positions in a clean condition.

6.2.22 Cellular foam injection moulding

The

interjocking guards are opened shall be used in the case of heated channels (hot runne
injection unit and mould cavities.

The

operftor shall use personal protective equipment.

6.2.23 Cleaning of hydraulic system

The
and

The

taken to avoid contamination of the oil.

6.2.24 Noise emission

The

6.2.25 Splashing hazards where two-hand control devices are used

If thd

regardifg-thishazard:

6.3
The

manufacturer shall indicate that moulds with valve gates which automatically clog

manufacturer shall indicate that with the machine running in manual or sémi-automat

manufacturer shall specify procedures and time intervals for the cleaning and chang
fefilling the hydraulic system including specification of thefluid to be used.

manufacturer shall describe the necessary measures whilst working on the hydraulic s

manufacturer shall:
give information on methods of installation to minimize noise emission whenever posg

Kdicate that wearing of hearing protection can be necessary when noise levels em
achine can cause hearing damage; and

fefer to Annex I on which the determination of the noise emission values of the injecti
machine is based and provide all the information required by L.7; and

¢nsure that sales-lterature providing technical performances of the machine contai
information onvnoise as that given in the instruction handbook.

e when the
rs) between

ic mode, the

ng of filters

ystem, to be

ible; and
itted by the

bn moulding

ns the same

e machine is designed so that the design of the mould has to contribute to prevent the splashing
hazafd(see 4.2.1), the machine manufacturer shall describe the technical characteristics fq

r the mould

Marking
minimum markings for all machines shall include:
designation of the machinery;
name and address of the manufacturer and supplier;
business name and full address of the authorised representative (where applicable);
designation of series or type;

serial number if any, or machine number;
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— year of construction;

— designated access positions and designated working positions on the machine where applicable;

— mandat

ory marking, if any (e.g. CE mark if applicable).

6.4 Warning signs

Where residual hazards exist, warning signs shall be used. Examples for residual hazards are:

— hot surfaces (of injection unit, nozzle area), see 4.5.2, 4.6.2, 4.6.3 and 4.8.5;

— crushin
— electric

— arc flasl

o hazard (mould area), see 4.2;

ty (electric cabinets), see 4.8.4;

W (electric cabinet), see 4.8.4;

— splashing hazard (injection unit, nozzle area), see 4.2.1, 4.2.3, 4.5.1, 4.6.1, 4.6.3!

NOTE Se

6.5 Warn
The machin

— warnin
protect

— avisual
piston (|

— alarm fi

— alarm fi
injectio

— alarm f
acknow

e IS0 7010:2011 and Annex H.

ing devices
e shall be equipped with the following warning devices:

b on the control panel when a special mode for movements of cores and/or ejectors
ve devices disabled is selected [see 4.2.3.2 b)];

and/or audible alarm for the unintentionally interrupted forward movement of the sd
see 4.8.11);

r failures of the nozzle position of a-cellular foam machine (see 4.9.3);

br failures of the position of the shut-off nozzle or splatter guard for machines wher
h unit discharges towards the operating position (see 4.9.4.3 and 4.9.4.4);

ledgment system (see F.2).

with

rew/

e the

or improper operation-or) sequencing of the acknowledgement switches of a d¢uble
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Annex A
(informative)

List of significant hazards

This annex contains all the significant hazards, hazardous situations and events identified by risk
assessment as significant for injection moulding machines and which require action to eliminate or
reduge the risk (see Tables A.1 to A.8).

The principal hazard zones are shown in Figures A.1, A.2 and A.3. The hazard, hazardous sifuations and
evenfs and the potential consequences are listed in Tables A.1 to A.8 including referenceg to clauses/
subclauses of this document.

2 1 5
4 52 51
%0

1 mould area

2 lamping mechanism\area

4 hozzle area

5 njection unitarea

5.1 feed opehing area

5.2 areacwofthe heater(s) of the plasticizing and injection barrel

6 Hischarge area

Figure A.1 — Example of an injection moulding machine with horizontal clamping unit and
horizontal injection unit, shown without guards
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mould af

clamping

area of njovement of core and ejector drive mechanisms outside areas 1 and 2

nozzle ai
injection
feed ope

area of the heater(s) of the plasticizing and injection barrel

discharg|
hoses

area insi
part inse

area ben|

12< [Fx o= ~= -

ea
mechanism area

ea
unit area

hing area
P area
He the guards and outside the mould area

rt and.removal area
pathareas 1 or3or11

Figure A.2 — Example of an injection moulding machine with vertical clamping unit and

horizontal injection unit, shown without guards (top and side view)
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Key
1 1tould area

2 dlamping mechanism area

3 4rea of movement of cores and ejectors and theirdrive mechanisms outside areas 1 and 2
3.1 4rea of movement of core and ejector drive mechanisms outside areas 1 and 2

3.2 4rea of movement of cores and ejectors outside areas 1 and 2

4 ozzle area

5 itjection unit area
5.1

5.2 grea of the heater(s) of the(plasticizing and injection barrel

ed opening area

Figure A.3 — Example of an injection moulding machine with vertical clamping ynit and
vertical injection unit, shown without guards
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Table A.1 — Hazards in the mould area

Hazard, hazardous situation
and event

Potential
consequences

Clause/
subclause

Closing movement of the platen, including movement due to
gravity on downstroking machines

Crushing, shearing, and/
or impact

4.2.1,42.2,4.2.6,
4.2.7,6.29,6.2.11

Closing movement of the platen for mould height adjustment

Crushing, shearing, and/
or impact

4231

Closing movementefthe-movableplater-with-a-mouldat Crushing-shearingandf 42422426
tached to it quring mould setting when the mould areais ac- |or impact 4.2.7
cessible through the opening for the nozzle in the fixed platen
Movement of the nozzle tip of the injection unit through the |Crushing, shearing, and/ 4.2.3.1; 465, 4.6
opening for the nozzle in the fixed platen or impact
Movement of the nozzle tip of any additional injection unit Crushing, shearing, and/ 4\2.3.1,4.5,4.6
when it comes into contact with the mould or impact
Movement of cores and ejectors and their drive mechanisms |Crushing, shearing, and/ 4.2.31,4.2.3.2)
or impact 4.2.7,4.3.2,4.4
6.2.7
Tie-bar movement Crushing, shearing, and/ 41,42
or impact
Actions of multi-mould linkages if they are integral parts of |Crushingsshearing, and/ 4.1,4.2
the machine or impact
Mould area hazards related to mechanical parts (e.g. in- Crushing, shearing, and/ 4.2
serts) projedted from the mould area due to mould closing |eximpact
movement
Movement of other mechanical device(s) Crushing, shearing, and/ 4.1,4.2,4.3,4.5,
or impact 4.6,4.7
Movement of device below and associated with rotdry or Crushing, shearing, and/ 4.9
shuttle table] or impact
Over-pressufization in the nozzle Crushing, shearing, and/ 4.5
or impact
Hazards reldted to exposed and unprotected heater or noz- |Burns or scalds 4.2.5
zle mounted|sensors
Splashing ofmaterial from the mowld and/or the nozzle Damage to eyes and skin, 42,45
burns or scalds
Operating temperatures ofthe moulds Burns or scalds 4.2.5,6.2.10,6.2.14
Operating temperatures,of heating elements of the moulds |Burns or scalds 4.2.5,6.2.10,6.2.14
and/or nozzle and/erinjection barrels
Operating températures of material released from the mould | Burns or scalds 4.2.5,6.2.10,6.2.14
and/or nozzle
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Table A.2 — Hazards in the clamping mechanism area or area behind the movable platen

Hazard, hazardous situation Potential Clause/
and event consequences subclause

Movements of the drive and clamping mechanisms |Crushing, shearing and/ 4.3

of the platen or impact

Opening movement of the platen Crushing, shearing and/ 4.3
or impact

Movements-efeoreandejectordrive mechanisms—Crushing sheartrsand/ 42344232, 4.2.7,
or impact 4.3.2,4.406,P.7

Opening movement of the platen due to gravity on |Crushing, shearing and/ 4.3.2

upstroking machines or impact

Unexpected movement of the movable platen due |Crushing, shearing and/ 43.3,6.2.8

to stpred energy in the toggle system or impact

Opening movement of power-operated guards for |Crushing, shearing and/ 4.3.1,4.8.10

the ould area or impact

Table A.3 — Hazards in the area of movement of core and ejector and their drive m¢chanisms

outside both the mould area and the clamping mechanism area

Hazard, hazardous situation
and event

Potential
consequences

Clayse/

subc

ause

Movements of core and ejector and their drive
mechanisms outside the mould area

Crushing, shearing and/
or impact

4.23.2,44,4.2.7

Movitments of core and ejector and their drive
mechanisms outside the clamping mechanism area

Crushing, shearing and/
or impact

4.2.3.2,4.4,4.2.7

Table A:4— Hazards in the nozzle area

released from the nozzle(s)

Hazard, hazardous situation Potential Clayse/

and event consequences subcjause
Forward movement of the injeetion unit(s) Crushing and/or shearing 4.5
Movements of parts of the power-operated shut-off|Crushing and/or shearing 4.5
nozzlle and its drive
Movement of the exposed plasticizing screw dur- |Impact and/or entanglement 4.5,6.2.18
ing dhanging of the-plasticizing screw
Splashing of material from the nozzle(s) Damage to eyes and skin, burns |4.5

or scalds

Incofrect mounting of the nozzle Impact 4.5,6.2.14,6.2.18
Use ¢ftan incorrect type of nozzle Impact 4.5,6.2.14,6.2.18
Operating temperatures of the nozzle(s) Burns or scalds 4.5
Operating temperatures of plasticized material Burns or scalds 4.5
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Table A.5 — Hazards in the injection unit area

Hazard, hazardous situation Potential Clause/
and event consequences subclause

Unintentional movement due to gravity of vertical |Crushing, shearing and/ 419,4.2,4.6
or inclined injection units or drawing-in
Movement of the plasticizing screw and/or the Crushing, shearing and/ 4.6
injection piston in the plasticizing and/or injection |or drawing-in
barrel, accessible through the feed opening
Movement of the hopper attached to the injection |Crushing, shearing and/ 4.6
unit towardg the fixed platen (especially in the or drawing-in
case of small machines)
Movement of the injection mechanism Crushing, shearing and/ 4.6

or drawing-in
Movement of the plasticizing mechanism Crushing, shearing and/ 4.6

or drawing-in
Operating temperatures of the injection unit Burns or scalds 4.5.2,4.6.2
Operating tefmperatures of the heating elements  |Burns or scalds 4.5.2,4.6.2
e.g. heater bands, heat exchangers
Operating tefmperatures of the plasticized material | Burns or scalds 4.5.2,4.6.2
released frofn the vent opening
Operating temperatures of hot gas or material Burns or scalds 4.5.2,4.6.2
ejected throtigh the feed opening following a deg-
radation of the material due to excessive tempera-
ture and/or residence time in the barrel
Overheating|resulting in damage of the plasticiz- |Impact, burns or scalds due to 4.6.3
ing and/or injection barrels due to a reduction of |escape/leakage/splashing of
mechanical §trength of the plasticizing and/or material
injection barfrels

Table A.65=Hazards in the discharge area
Hjzard, hazardous situatien Potential Clause/
and event consequences subclause

Moving partp accessible through'the discharge Crushing, shearing and/ 4.7
aperture or impact
Operating temperature of the mould Burns and/or scalds 4.7,4.2.5
Operating tgmperatute)of heating elements of Burns and/or scalds 4.7,4.2.5
the moulds
Operating temperature of plasticized material Burns and/or scalds 4.7,4.2.5
released fromn/through the mould
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Table A.7 — Hazards not associated with a particular area of the machine

suffocation

Hazard, hazardous situation Potential Clause/
and event consequences subclause
Tearing or detachment of flexible hoses with pres- |Crushing, shearing, whiplash 4.8.1
sures higher than 5 MPa (725 psig) for hydraulics |and/or impact
and higher than 1 MPa (145 psig) for pneumatic
from their connection points
Unintended release of fluids under pressure from |Damage to the eyes or skin 482
hydrjaulic, pneumatic, or heat conditioning sys-
temg, in particular from flexible hoses and their
conrection points with pressures higher than
5 MHa (725 psig) for hydraulics and higher than
1 MHa (145 psig) for pneumatics
Use ¢f unsuitable tools or equipment during Injury 4.8.3,6.2.18
adjustment and maintenance
Relepse of stored or residual energy during Crushing, shearing and/ 4.8.3,6.2.18
adjustment and maintenance or impact
Direft or indirect contact with live conductive Electric shock and/er burns 4.8.4
elecfrical parts
Arc flash hazards Impact, electrocution, burn and/ |4.8.4
or shock
Malfunction of the control circuits due to elec- Unintentional movements 4.8.4
tromjagnetic interference with the electrical resulting in injuries
equipment
Operjating temperatures of heat conditioning sys- _{Burns and/or scalds 4.8.5
tem hoses and fittings
Opetjating temperatures of fluids released from Burns and/or scalds 4.8.5
the Heat conditioning system
Noisp Permanent hearing loss, tinnitus, |4.8.6, 6.2.24
fatigue, stress, loss of balance,
loss of awareness
Noisp Accidents caused by interference (4.8.6, 6.2.24
with speech communication or
auditory signals
Contjact with or inhatation of gases, fumes, mist or |Damage to eyes and skin, poison-|4.8.7, 6.2.19
dustfharmful to he€alth during plasticizing of the |ing, headache, discomfort and/or
matgrial and subsequent injection into the mould |breathing difficulties
or pyrging
Contact with-or inhalation of gases, fumes, mist or |Damage to eyes and skin, poison-|4.8.7, 6.2.19
dustfharmful to health during curing or vulcanis- |ing, headache, discomfort and/or
ing f the partin the mould hrpathing difficulties
Contact with or inhalation of gases, fumes, mistor |Damage to eyes and skin, poison-|4.8.7, 6.2.19
dust harmful to health when the mould is not closed |ing, headache, discomfort and/or
breathing difficulties
Lack of oxygen when nitrogen is used Breathing difficulties and/or 4.8.7,6.2.19

or impact

Slips, trips and falls from designated access or Slipping, tripping and/or falling |4.8.8, 6.2.20, 6.2.21
designated working positions on or around the

machine

Malfunctions of the hydraulic and pneumatic sys- |Unintentional movements 4.89,6.2.23

tems including cylinders and other actuator devices [resulting in injuries

Movement of power-operated guards Crushing, shearing and/ 4.8.10
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Table A.7 (continued)

Hazard, hazardous situation

and event

Potential
consequences

Clause/
subclause

Interrupted forward movement of the screw/pis-
ton resulting in sprue remaining in the mould

Burns and/or scalds due to
splashing of material

4.8.11,6.2.16

Interrupted forward movement of the screw/
piston resulting in the accumulation of dangerous
pressure in the injection barrel

Burns and/or scalds due to
splashing of material

S

8.

—_

1,6.2.16

Table A.8 — Hazards associated with specific machine design

Ha{zard, hazardous situation

and event

Potential
consequences

Clausey
subclause

Carousel ma|

chines

Movement o

Fthe carousel itself

Impact and entanglement

™
\O
—

Movement o
moving caro

Fthe carousel in the areas between the
usel and fixed parts

Crushing, shearing and/
or drawing-in

™
\O
-

{:

Shuttle-tablg

machines/machines with sliding table/platen and/or turn-table machihe

Functional o
or sliding pl4

r unintentional movement of the table
ten

Crushing, shearing, impact, and/

or drawing-in

S | A
Ne)
—

Unintention

| gravity descent of the shuttle-table

Crushing, shearing and/
or impact

-~
NeJ
—

Multi-station machines with mobile injection unit

Movement o
clamping un

Fthe mobile injection unit between the
ts

Crushing, shearing and/
or impact

S
\O
)

Cellular foan

h injection moulding machines

Uncontrolleq
the mould

| escape of the melt from the nozzle or

Darhage to eyes and skin, burn

and/or scalds

TS
o
©
o
o
)
N

Machines where the injection unit discharges towards the operating position

Ejection of m
(see 3.1.23)

the plasticiz
the material

pterial directly to the operating position
s a result of the forward movement of
ing screw or piston, or degradation of

Damage to eyes and skin, burn

and/or scalds

™
\O
:[;
o
N
—
U1

54

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=a6642f82fce66fd6f3bddb0dd709757e

IS0 20430:2020(E)

Annex B
(normative)

Protective Type I

B.1 Movable guards Protective Type I for hydraulic axes

B.1.1 General
The following requirements apply if Protective Type I is used for movable guards for-hydra

One position switch and one shut-off device shall be used.

B.1.2 Interlocking using one position switch or one contactless-position switc
shut-off device

B.1.2.1 General

Figure B.1 shows the principle of interlocking using one position switch and one shut-off de

ulic axes.

h and one

vice.
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191

Y1 E— §
|
|
1 6 i
|
Fr=———————- ————= 1 |
- 7 DE— v
b e J
Key
S1 positionswitch 5.1 guard.closed
L  guard lo¢king device 5.2 guard’open
V1 shut-off flevice (valve) 6 ‘. eontrol circuit of the machine
1 power circuit 7~ monitoring circuit of the machine
3 hydrauli¢ drive 9  standstill detection

4  movement
NOTE1 Tle position switch and the guard ]ocking function can be integrated in one single device.

NOTE 2  Iffhere is no guard locking (see-B.1.2.3), the components drawn in dashed lines are not needed.

Figure B.1 — Example of'interlocking, using one position switch and one shut-off device

B.1.2.2 Interlocking'function

In addition to thosein 4.1.4, the following requirements apply.

A mechanically)actuated position switch in accordance with Type 1 or Type 2 interlocking devife as
defined in ISO 14T119:2013, 3.16 and 3.17, shall be used.

When the guard is in the closed position, the position switch S1:

— shall not be operated; and

— shall have closed contacts; and

— shall enable the control signal to the shut-off device V1, initiating the hazardous movement.
When the guard is not in the closed position, the position switch S1:

— shall be positively acting and directly operated by the guard; and

— shall interrupt the control signal to the hazardous movement via the shut-off device V1.
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The mechanically actuated position switch may be replaced by a contactless position switch in
accordance with Type 3 or Type 4 interlocking device as defined in ISO 14119:2013, 3.18 and 3.19,
functioning in an equivalent way. In this case, the change of state of the two electrical contacts of the
contactless position switch shall be automatically monitored at least once after opening of the movable
guard before a new hazardous movement is initiated. Commencement of any further machine cycle
after closing of the movable guard shall be possible only if no faults have been detected.

B.1.2.3 Guard locking

If guard locking is necessary (see 4.1.4), the following requirements apply in addition to those in 4.1.4.3.

The

movément is initiated. The signal change of the standstill detection shall be automaticaly
Commencement of any further machine cycle after closing of the movable guard shall.be g
if noffaults have been detected.

B.1.2.4 Safety-related components

The

B.2

B.2.
The

One

B.2.

electromechanical component as shut-off device

B.2.2.1 A General

position of the guard locking device shall be automatically monitored before a newv

following devices shall be well-tried components according to ISO ¥3849-1:2015, 6.2.4

ghut-off device (valve);

osition switches in accordance with Type 3 or Type 4 interlocking device of ISO 141

Eosition switch in accordance with Type 1 or Type 2 interlocking device of ISO 14
sed, they shall have two independent electrical contacts;

guard locking device, if applicable.

Movable guards Protective Type-Lfor electrical axes

| General

following requirements apply if Protective Type I is used for movable guards for electr

bosition switch and one ofthe following shall be used:

ne electromechanical.component as shut-off device (see B.2.2); or

motor control ynit-with the safety-related function as shut-off device (see B.2.3).

Interlocking using one position switch or one contactless position switc

I/ hazardous
monitored.
ossible only

119:2013. If
19:2013 are

cal axes.

h and one

Figure B.Z shows the principle of interlocking using one position switch and one electromechanical
component as shut-off device.
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[
\
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L__ —] 7 g — S — — — — — a
Key
S1 position switch 5.1\'guard closed
K1 contactof 5.2 guard open
L  guard logking device 6  control circuit of the machine
2 motor cdntrol unit 7  monitoring circuit of the machine
3 electrical motor 9 standstill detection
4 movemeht
NOTE1  The position switch and the guard locking function can be integrated in one single device.
NOTE 2  Iffhere is no guard locking (see B.2.2.3), the components drawn in dashed lines are not needed.
Figure B2 — Example of interlocking, using one position switch and one electromechani¢
component as shut-off device
B.2.2.2 Interlocking function

In addition to those in 4.1.4, the following requirements apply.

A mechanically actuated position switch in accordance with Type 1 or Type 2 interlocking device as
defined in ISO 14119:2013, 3.16 and 3.17, shall be used.

When the guard is in the closed position, the position switch S1:

58

shall not be operated; and

shall have closed contacts; and

shall enable the control signal to the contactor K1, initiating the hazardous movement.
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n the guard is not in the closed position, the position switch S1:

— shall be positively acting and directly operated by the guard; and

— shall interrupt the control signal to the hazardous movement via the contactor K1.

The mechanically actuated position switch may be replaced by a contactless position switch in
accordance with Type 3 or Type 4 interlocking device as defined in ISO 14119:2013, 3.18 and 3.19,
functioning in an equivalent way. In this case, the change of state of the two electrical contacts of the
contactless position switch shall be automatically monitored at least once after opening of the movable
guard before a new hazardous movement is initiated. Commencement of any further machine cycle

after r]ncing of the movabhle gn;xrd shall bhe pnccih]p onlvif no faults have been detected

The

the f
case

The

of th
mach

B.2.7

If gu
The

movg

Com
if no

B.2.2

Follo

B.2
mot

B.2.3

q

ghut-off device (contactor with linked or mirror contacts);
4

.3 Interlocking using one position switch or one contactless position switc

contactor K1 shall interrupt the power between the motor and the motor contrel un

, K1 may interrupt the power to the motor control unit.

proper function of the contactor K1 shall be automatically monitored at least once a
ke movable guard before a new hazardous movement is initiated. Commiencement of
line cycle after closing of the movable guard shall be possible only if ne faults have be¢

.3 Guard locking
hrd locking is necessary (see 4.1.4), the following requirements apply in addition to tho

position of the guard locking device shall be automatically monitored before a nev
bment is initiated. The signal change of the standsgill detection shall be automatically
mencement of any further machine cycle after closing of the movable guard shall be g
faults have been detected.

4 Safety-related components

wing devices shall be well-tried cémponents according to ISO 13849-1:2015, 6.2.4:

osition switch in accordance with Type 1 or Type 2 interlocking device of ISO 14
osition switches in accerdance with Type 3 or Type 4 interlocking device of ISO 141
sed, they shall have two independent electrical contacts;

puard locking device, if applicable.

pr contrel unit with the safety-related function as shut-off device

t, if there is

ossibility of hazardous movement of axis due to stored energy in the motor control unit. In other

'ter opening
any further
n detected.

se in 4.1.4.3.

y hazardous
monitored.
ossible only

119:2013. If
19:2013 are

h and a

.1 General

Figure B.3 shows the principle of interlocking using one position switch and a motor control unit with
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NOTE 1 TIe position switch and the guard locking function can be integrated in one single device.

NOTEZ2 T

NOTE 3  Iffhere is no guard locking (s€e B.2.3.3), the components drawn in dashed lines are not needed.

confirmation of switch-off condition initiated by 2.1 6

7
9

control circuit of the machine
monitoring circuit of the machine

standstill detection

e standstill information cap-also be transferred from 9 to 2 and from 2 to 7.

Figure B.3 — Example of interlocking, using one position switch and a motor control unit with

B.2.3.2 Interloeking function

the safety-related function as shut-off device

In addition §othose in 4.1.4, the following requirements apply.

A mechanically actuated position switch in accordance with Type 1 or Type 2 interlocking device as
defined in ISO 14119:2013, 3.16 and 3.17, shall be used.

When the guard is in the closed position, the position switch S1:

— shall not be operated; and

— shall have closed contacts; and

— shall enable the control signal to the safety-related input channel 2.1 of the motor control unit,

initiating the hazardous movement.
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When the guard is not in the closed position, the position switch S1:

— shall be positively acting and directly operated by the guard; and

— shallinterrupt the control signal to the hazardous movement via the safety-related input channel 2.1
of the motor control unit.

The mechanically actuated position switch may be replaced by a contactless position switch in
accordance with Type 3 or Type 4 interlocking device as defined in ISO 14119:2013, 3.18 and 3.19,
functioning in an equivalent way. In this case, the change of state of the two electrical contacts of the
contactless position switch shall be automatically monitored at least once after opening of the movable

guar

before a new hazardous movement is initiated. Commencement of any further machine cyc]e

aften

The motor control unit shall be equipped with the internal safety function STO which:

— q

— protects against unexpected or unintended start-up.

The

The notor control unit shall be in accordance with IEC 61800-5-1:2007.

The

mon
initid
poss

B.2.3
If gu

The
move¢
Com
if no

B.2.3

Follo

gwitches off the hazardous movement of the axis; and

$TO function shall be in accordance with IEC 61800-5-2:2016 andPL) = c.

closing of the movable guard shall be possible only if no faults have been detected.

confirmation of switch-off condition given by the m@tor control unit shall be ai
tored at least once after opening of the movable guard before a new hazardous 1
ted. Commencement of any further machine cycle<after closing of the movable gu
ble only if no faults have been detected.

.3 Guard locking

hird locking is necessary (see 4.1.4), the.following requirements apply in addition to tho

position of the guard locking devicé shall be automatically monitored before a nev
pment is initiated. The signal change of the standstill detection shall be automatically
mencement of any further machine cycle after closing of the movable guard shall be g
faults have been detected:

4 Safety-related components

wing devices shalbbe well-tried components according to ISO 13849-1:2015, 6.2.4:

osition switch in accordance with Type 1 or Type 2 interlocking device of ISO 14
osition switches in accordance with Type 3 or Type 4 interlocking device of ISO 141
sed, they shall have two independent electrical contacts;

itomatically
hovement is
hrd shall be

se in 4.1.4.3.

y hazardous
monitored.
ossible only

119:2013. If
19:2013 are

uard locking device, if applicable.

B.3

Light curtain Protective Type I for hydraulic axes

B.3.1 General

The following requirements apply if Protective Type I is used for light curtains for hydraulic axes.

One shut-off device shall be used.
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B.3.2 Interlocking using a light curtain and one shut-off device

B.3.2.1 General

Figure B.4 shows the principle of interlocking using a light curtain and one shut-off device.
4

e e I R

Key
V1 shut-off device (valve)
power circuit

hydrauli¢ drive

movemept

light curtain

control dircuit of the machine

monitoring circuit of the machine

O N O U1 W

safety dgvice or safety PL€ fotr control and monitoring of the light curtain

NOTE D¢vices 5 andi8-can act as a unit.

Figure B.4=— Example of interlocking, using a light curtain and one shut-off device

B.3.2.2 Interlocking function

In addition to those in 4.1.5, the following requirements apply.

An interruption of the light curtain shall interrupt the power circuit for the hazardous movement via
control signal to the shut-off device.

The protective function of the light curtain shall be automatically verified after interruption and reset
of the light curtain. Further machine cycles shall be possible only if no faults have been detected.

B.3.2.3 Safety-related components
The shut-off device (valve) shall be a well-tried component according to ISO 13849-1:2015, 6.2.4.

62 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=a6642f82fce66fd6f3bddb0dd709757e

IS0 20430:2020(E)

The safety function of the ESPE (consisting of devices 5 and 8 in Figure B.4) shall be in accordance with
IEC 61496-1:2012, Type 2,and PL. =c.

B.4 Light curtain Protective Type I for electrical axes

B.4.1 General

The following requirements apply if Protective Type I is used for light curtains for electrical axes.

In this case, the following shall be used:

— ¢ne electromechanical component as shut-off device (see B.4.2); or

— a motor control unit with the safety-related function as shut-off device (see B.4.3).

B.4.2 Interlocking using a light curtain and one electromechanical ¢omponent as shut-
off device

B.4.2.1 General

Figure B.5 shows the principle of interlocking using a light{curtain and one electromechanical
component as shut-off device.
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Key
K1 contactor
motor cdntrol unit

electrical motor

movemept

light curtain

control dircuit of the machine

monitoring circuit of the machine

(ol BN N N N

safety dgvice or safety PLC for control and'monitoring of the light curtain

NOTE D¢vices 5 and 8 can act as a'unit.

Figurd B.5 — Example of interlocking, using a light curtain and one electromechanical
component as shut-off device

B.4.2.2 Interlocking function

In addition focthose in 4.1.5, the following requirements apply.

An interruption of the light curtain shall interrupt the power circuit for the hazardous movement via
control signal to the contactor K1.

The contactor K1 shall interrupt the power between the motor and the motor control unit, if there is
the possibility of hazardous movement of axis due to stored energy in the motor control unit. In other
cases, K1 may interrupt the power to the motor control unit.

The protective function of the light curtain and the proper function of the contactor shall be
automatically verified after interruption and reset of the light curtain. Further machine cycles shall be
possible only if no faults have been detected.
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B.4.2.3 Safety-related components

The shut-off device (contactor with linked or mirror contacts) shall be a well-tried component according
to ISO 13849-1:2015, 6.2.4.

The safety function of the ESPE (consisting of devices 5 and 8 in Figure B.5) shall be in accordance with
IEC 61496-1:2012, Type 2,and PL. =c.

B.4.3 Interlocking using a light curtain and motor control unit with the safety-related
function as shut-off device

B.4.3.1 General

Figure B.6 shows the principle of interlocking using a light curtain and motor controel upit with the
safetly-related function as shut-off device.

4

E‘ED% 2 21590

n m
> s =
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Key
2 thotor control unitwith the safety-related function
2.0 donfirmationrefithe switch-off condition from 2.1
2.1 dafety-related input channel

3  glectrical'motor

4 rrlovement

5 light curtain

6  control circuit of the machine

7  monitoring circuit of the machine

8 safety device or safety PLC for control and monitoring of the light curtain
NOTE Devices 5 and 8 can act as a unit.

Figure B.6 — Example of interlocking, using a light curtain and motor control unit with the
safety-related function as shut-off device
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B.4.3.2 Interlocking function

In addition to those in 4.1.5, the following requirements apply.

An interruption of the light curtain shall interrupt the power circuit for the hazardous movement via
control signal to the motor control unit.

The motor control unit shall be equipped with the internal safety function STO which:

— switches off the hazardous movement of the axis; and

— protects against unexpected or unintended start-up.

The STO fun

The motor dontrol unit shall be in accordance with IEC 61800-5-1:2007.

ction shall be in accordance with IEC 61800-5-2:2016 and PL. = c.

The protectjve function of the light curtain and the confirmation of switch-off condition given by the

motor conti
Further maq

B.4.3.3 Safety-related components

ol unit shall be automatically verified after interruption and reset of‘\the light cuiptain.
hine cycles shall be possible only if no faults have been detected.

The safety flinction of the ESPE (consisting of devices 5 and 8 in Figuré B.6) shall be in accordance|with

[EC 61496-1

2012, Type 2,and PL. =c.
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Protective Type II

C.1 Movable guards Protective Type II for hydraulic axes

C.1.1 General

0:2020(E)

The following requirements apply if Protective Type Il is used for movable guardsfor hydrqulic axes.

Two position switches and one shut-off device shall be used.

C.1.2 Interlocking using two position switches or one contactless position swi
one shut-off device

C.1.2.1 General

Figure C.1 shows the principle of interlocking using two position switches and one shut-off

tch and

device.
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Key
S1,S2  positjion switches
L guardl locking device
V1 shut-off device (valve)
1 powgr circuit
3 hydraulic drive
4 movement
5.1 guar]: closed
5.2 guargl open
6 contyol circuit of the machine
7 monitoring circuit of the machine
standstill detection
NOTE1 One of the position switches and the guard locking function can be integrated in one single devige.
NOTE 2  Iffhere is no guardlocking (see C.1.2.3), the components drawn in dashed lines are not needed.
Figure (.1 — Example of interlocking, using two position switches and one shut-off devige
C.1.2.2 Interlocking function

In addition to those in 4.1.4, the following requirements apply.

Two mechanically actuated position switches in accordance with Type 1 or Type 2 interlocking device
as defined in ISO 14119:2013, 3.16 and 3.17, shall be used.

When the guard is in the closed position:

— the first position switch S1 shall not be operated; and

— the second position switch S2 shall be operated; and

— both position switches shall have closed contacts; and
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— the position switches S1 and S2 shall enable the control signal to the shut-off device V1, initiating

the hazardous movement.
When the guard is not in the closed position:
— position switch S1 shall be positively acting and directly operated by the guard; and

— position switch S2 shall no longer be operated by the guard; and

— both position switches shall interrupt the control signal to the hazardous movement via the shut-off

device V1.

The hange of state ot the two position switches shall be automatically monitored at leay

t once after

openfing of the movable guard before a new hazardous movement is initiated. Commeneement of any

further machine cycle after closing of the movable guard shall be possible only if po-fault
detegted.

The two mechanically actuated position switches may be replaced by:

s have been

— 1{wo contactless position switches in accordance with Type 3 intetlocking device af defined in

ISO 14119:2013, 3.18; or

— one contactless position switch in accordance with Type/4 ‘interlocking device as
ISO 14119:2013, 3.19,

functioning in an equivalent way. In this case, the change of'state of the two electrical conf
contactless position switch shall be automatically monitored at least once after opening of
guarfd before a new hazardous movement is initiatediCommencement of any further m
after| closing of the movable guard shall be possible only if no faults have been detected.

C.1.2.3 Guard locking
If guard locking is necessary (see 4.1.4), the-following requirements apply in addition to tho

The position of the guard locking device shall be automatically monitored before a nev
mové¢ment is initiated. The signalchange of the standstill detection shall be automatically
Commencement of any furthepmachine cycle after closing of the movable guard shall be g
if no faults have been detectéd,

C.1.2.4 Safety-related’components
Following devices-shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

— ghut-off deviice (valve);

— position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14

defined in

acts of each
the movable
hchine cycle

se in 4.1.4.3.

y hazardous
monitored.
ossible only

119:2013. If
13 are used,

osition switches in accordance with Type 3 or 4 interlocking device of ISO 14119:20

1 111 ~ O | 1 1 P 1 - 4
LIOTY SIdIT'TIdVE LWU HTTUTPCTITUTIIL TITC LI AT CUTILAULS,

— guard locking device, if applicable.

C.2 Movable guards Protective Type II for electrical axes

C.2.1 General

The following requirements apply if Protective Type Il is used for movable guards for electrical axes.

Two position switches and the following shall be used:

— one electromechanical component as shut-off device (see C.2.2); or

© IS0 2020 - All rights reserved
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— amotor control unit with the safety-related function as shut-off device (see C.2.3).

C.2.2 Interlocking using two position switches or one contactless position switch and

one electromechanical component as shut-off device

C.2.2.1 General

Figure C.2 shows the principle of interlocking using two position switches and one electromechanical

component as shut-off device.
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Key
S1,S2 position switches
K1 contgctor
guard locking device
motdr control unit
3 electrical motor
4 movgment
5.1 guardl closed
5.2 guardl ppen
6 controttircuitof thre macthine
7 monitoring circuit of the machine
standstill detection
NOTE1 One of the position switches and the guard locking function can be integrated in one single device.
NOTE 2  Ifthere is no guard locking (see C.2.2.3), the components drawn in dashed lines are not needed.

Figure C.2 — Example of interlocking, using two position switches and one electromechanical

70

component as shut-off device
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C.2.2.2 Interlocking function
In addition to those in 4.1.4, the following requirements apply.

Two mechanically actuated position switches in accordance with Type 1 or Type 2 interlocking device
as defined in ISO 14119:2013, 3.16 and 3.17, shall be used.

When the guard is in the closed position:
— the first position switch S1 shall not be operated; and

— the second position switch S2 shall be operated; and

— Iboth position switches shall have closed contacts; and

— the position switches S1 and S2 shall enable the control signal to the contacter K1, inpitiating the
azardous movement.

Wheh the guard is not in the closed position:

— position switch S1 shall be positively acting and directly operated by,the guard; and
— osition switch S2 shall no longer be operated by the guard; and

— Dboth position switches shall interrupt the control signal to the hazardous movement via dontactor K1.

The thange of state of the two position switches shall be automatically monitored at leagt once after
openjing of the movable guard before a new hazardous,movement is initiated. Commencement of any
further machine cycle after closing of the movable guard shall be possible only if no faults have been
deteg¢ted.

The two mechanically actuated position switches may be replaced by:

— fwo contactless position switches intaccordance with Type 3 interlocking device ap defined in
1SO 14119:2013, 3.18; or

— o¢ne contactless position switch in accordance with Type 4 interlocking device ag defined in
1SO 14119:2013, 3.19

functioning in an equivalent'way. In this case, the change of state of the two electrical contacts of each
contactless position switch’shall be automatically monitored at least once after opening of the movable
guarfd before a new hazardous movement is initiated. Commencement of any further machine cycle
after| closing of thednpvable guard shall be possible only if no faults have been detected.

The fontactor-K1-shall interrupt the power between the motor and the motor control unit, if there is
the gdossibilitywof hazardous movement of axis due to stored energy in the motor control unit. In other
case$, K1 imay interrupt the power to the motor control unit.

The follewing shall be automatically monitored at least once after opening of the movable guard before
a new hazardous movement is initiated:

— change of state of the position switches;
— proper function of the contactor K1.

Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

C.2.2.3 Guard locking

If guard locking is necessary (see 4.1.4), the following requirements apply in addition to those in 4.1.4.3.
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The position of the guard locking device shall be automatically monitored before a new hazardous
movement is initiated. The signal change of the standstill detection shall be automatically monitored.
Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

C.2.2.4 Safety-related components
Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

— shut-off device (contactor with linked or mirror contacts);

Ly L. | - | cdal La al 4 Laal La T A 1 1o | - L IlcOo 14411020 3 If
— pOSlth[ SWITCIT 11T acCoTradarice WItIT 1y pec L O 1y pte Z HICCTIOCKIITE UCVICT O 10U 171 17.2U .

position] switches in accordance with Type 3 or Type 4 interlocking device of ISO 14119:2018 are
used, they shall have two independent electrical contacts;

— guard lgcking device, if applicable.

C.2.3 Interlocking using two position switches or one contactless position switch and a
motor control unit with the safety-related function as shut-off device

C.2.3.1 Gdneral

Figure C.3 dhows the principle of interlocking using two position switches and a motor control unit
with the safpty-related function as shut-off device.
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S1,S3 position switches
L guard locking device
2 motor control unit with the safety-related function
2.0 confirmation of switch-off condition, initiated by 2.1

2.1 safety-related input channel
3 electrical motor

4 movement

5.1 guard closed

5.2 guard open

6 control circuit of the.maehine
7 monitoring circujt’efthe machine
9 standstill detection

NOTE1  One oftheposition switches and the guard locking function can be integrated in one single device.
NOTE 2  Thestandstill information can also be transferred from 9 to 2 and from 2 to 7.

NOTE 3~ \Ifthere is no guard locking (see C.2.3.3), the components drawn in dashed lines are not needed.

Figure C.3 — Example of interlocking, using two position switches and a motor control unit
with the safety-related function as shut-off device

C.2.3.2 Interlocking function
In addition to those in 4.1.4 the following requirements apply.

Two mechanically actuated position switches in accordance with Type 1 or Type 2 interlocking device
as defined in ISO 14119:2013, 3.16 and 3.17, shall be used.

When the guard is in the closed position:

— the first position switch S1 shall not be operated; and
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— the second position switch S2 shall be operated; and
— both position switches shall have closed contacts; and

— the position switches S1 and S2 shall enable the control signal to the safety-related input channel 2.1
of the motor control unit, initiating the hazardous movement.

When the guard is not in the closed position:
— position switch S1 shall be positively acting and directly operated by the guard; and

— position switch S2 shall no longer be operated by the guard; and

— both popition switches shall interrupt the control signal to the hazardous movement via the\sgfety-
related jnput channel 2.1 of the motor control unit.

The change|of state of the two position switches shall be automatically monitored at feast once jafter
opening of the movable guard before a new hazardous movement is initiated. Commencement of any
further madhine cycle after closing of the movable guard shall be possible only ifno“faults have jpeen
detected.

The two mefhanically actuated position switches may be replaced by:

— two contactless position switches in accordance with Type 3 interlocking device as defingd in
SO 141[19:2013, 3.18; or

— one coijtactless position switch in accordance with Typé 4 interlocking device as defingd in
ISO 14119:2013, 3.19

functioning|in an equivalent way. In this case, the changeof state of the two electrical contacts of|each
contactless position switch shall be automatically monitored at least once after opening of the moyable
guard before a new hazardous movement is initiated. Commencement of any further machine fycle
after closing of the movable guard shall be possible‘énly if no faults have been detected.

The motor control unit shall be equipped with;the following internal safety functions:
a) STO whijich:

— swiltches off the hazardous(movement of the axis; and

— protects against unexpected or unintended start-up.

The ST function shall'be’in accordance with IEC 61800-5-2:2016 and PL, = c.

b) Safety :Lunction SST-if there is no guard locking device (see. C.2.3.3), for safe stopping. Th¢ SS1
function shall bein accordance with IEC 61800-5-2:2016 and PL. = c.

The motor dontrol unit shall be in accordance with IEC 61800-5-1:2007.

The following shall be automatically monitored at [east once after opening of the movable guard before
a new hazardous movement is initiated:

— change of state of the position switches;
— the confirmation of switch-off condition given by the motor control unit.

Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

C.2.3.3 Guard locking

If guard locking is necessary (see 4.1.4), the following requirements apply in addition to those in 4.1.4.3.
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The position of the guard locking device shall be automatically monitored before a new hazardous
movement is initiated. The signal change of the standstill detection shall be automatically monitored.
Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

C.2.3.4 Safety-related components
Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

— position switch in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013. If
position switches in accordance with Type 3 or Type 4 interlocking device of ISO 14119:2013 are
fised, tThey shall have two independent electrical contacts;

— guard locking device, if applicable.

C.3 | Light curtain Protective Type II for hydraulic axes

C.3.1 General
The following requirements apply if Protective Type Il is used for light curtains for hydraulic axes.

One s$hut-off device shall be used.

C.3.2 Interlocking using a light curtain and one shut-off device

C.3.2.1 General

Figure C.4 shows the principle of interlocking using a light curtain and one shut-off device.
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safety dgvice or safety PLC for control and monitoring 6fthe light curtain

NOTE D¢vices 5 and 8 can act as a unit.

Figure C.4 — Example of interlocking, using a light curtain and one shut-off device

C.3.2.2 Interlocking function
In addition fo those in 4.1.5 the following requirements apply.

An interrupfion of the light’curtain shall interrupt the power circuit for the hazardous movemernt via
control signpl to the shut-off device.

The protectjve function of the light curtain shall be automatically verified after interruption and feset
of the light durtain. Further machine cycles shall be possible only if no faults have been detected.

C.3.2.3 Safety-related components
The shut-off device (valve) shall be a well-tried component according to ISO 13849-1:2015, 6.2.4:

The safety function of the ESPE (consisting of devices 5 and 8 in Figure C.4) shall be in accordance with
IEC 61496-1:2012, Type 4, and PL,. = d.

C.4 Light curtain Protective Type II for electrical axes

C.4.1 General

The following requirements apply if Protective Type Il is used for light curtains for electrical axes.

76 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=a6642f82fce66fd6f3bddb0dd709757e

IS0 20430:2020(E)

In this case,
— one electromechanical component as shut-off device (see C.4.2); or
— amotor control unit with the safety-related function as shut-off device (see C.4.3)

shall be used.

C.4.2 Interlocking using a light curtain and one electromechanical component as shut-
off device

C.4.2.T General

Figure C.5 shows the principle of interlocking using a light curtain and one électromechanical
component as shut-off device.

4 K1

a3 2

N = ®

|

Key

K1 dontactor

motor control upit

glectrical motor
ovement

Irght curtain

dontrol circuit of the machine

ade. H : e £ 41 Jos
ITIUTIITUT llls CITCUIt UT UIT ITIdUIIITIT

2
3
4
5
6
7
8

safety device or safety PLC for control and monitoring of the light curtain

NOTE Devices 5 and 8 can act as a unit.

Figure C.5 — Example of interlocking, using a light curtain and one electromechanical
component as shut-off device

C.4.2.2 Interlocking function

In addition to those in 4.1.5 the following requirements apply.
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An interruption of the light curtain shall interrupt the power circuit for the hazardous movement via
control signal to the contactor K1.

The contactor K1 shall interrupt the power between the motor and the motor control unit, if there is
the possibility of hazardous movement of axis due to stored energy in the motor control unit. In other
cases, K1 may interrupt the power to the motor control unit.

The protective function of the light curtain and the proper function of the contactor shall be
automatically verified after interruption and reset of the light curtain. Further machine cycles shall be
possible only if no faults have been detected.

C.4.2.3 Safety-related components

The shut-off]
to ISO 1384

The safety f
IEC 61496-1

C.4.3 Inte
function a

C4.3.1 G¢g

Figure C.6 4
safety-relatg

device (contactor with linked or mirror contacts) shall be a well-tried component.accot
D-1:2015, 6.2.4.

inction of the ESPE (consisting of devices 5 and 8 in Figure C.5) shall be inlaccordance
2012, Type 4, and PL,. = d.

rlocking using a light curtain and a motor control unit with the safety-rela
5 shut-off device

neral

hows the principle of interlocking using a light curtain and a motor control unit wit
pd function as shut-off device.

rding

with

ted
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Key
2 motor control unit with the safety-related function
2.0 ¢onfirmation of the switch-off condition from 2.1
2.1 safety-related input channel

3 plectrical motor

4 movement

5 ight curtain

6 control circuit of the machine

7 nonitoring circuit of the machine

8  safety device or safety PLC for control and monitoring of the light curtain
NOTH Devices 5 and 8 can act as a unit.

Figure C.6 — Example)of interlocking, using a light curtain and a motor control unit with the
safety-related function as shut-off device

C.4.3.2 Interlocking function

In addition’to those in 4.1.5, the following requirements apply.

3 vhis 3 £+l Lokt o laoll 304 £ 4+l ' it £ +1 L. pa | 3
An intert tptioor tnegnt cutr tatir sSiam meerrapr e powerCirctit ror tnemazaraots1n vement via

control signal to the motor control unit.
The motor control unit shall be equipped with the following internal safety functions:
a) STO which:

— switches off the hazardous movement of the axis; and

— protects against unexpected or unintended start-up.

The STO function shall be in accordance with IEC 61800-5-2:2016 and PL,. = c.

b) Safety function SS1 for safe stopping. The SS1 function shall be in accordance with
IEC 61800-5-2:2016 and PL,. = c.
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The motor control unit shall be in accordance with IEC 61800-5-1:2007.

The protective function of the light curtain and the information given by the motor control unit shall be
automatically verified after interruption and reset of the light curtain. Further machine cycles shall be
possible only if no faults have been detected.

C.4.3.3 Safety-related components

The safety function of the ESPE (consisting of devices 5 and 8 in Figure C.6) shall be in accordance with
IEC 61496-1:2012, Type 4, and PL. = d.
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Annex D
(normative)

Protective Type III

Movable guards Protective Type III for hydraulic axes

D.1.1 General

The f

In thjs case, the following shall be used:

D.1.2 Interlocking, using three position switches and two independent shut-o

Figure D.1 shows the principle of interlocking using three position switches and two indep
off devices.

4 contactless position switch and two independent shut-off-dévices (see D.1.4).

.2.1 General

ollowing requirements apply if Protective Type Ill is used for movable guards§for hyd

hree position switches and two independent shut-off devices (see D.1.2);

wo position switches with safety device and two independent shut-off devices (see D.1

aulic axes.

.3); or

[f devices

endent shut-
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S1,S2,S3  pesition switches
L ghard locking device
Vi1 main shut-off device (direction control valve for-opening and closing the mould)
V2 sgcond shut-off device
ppwer circuit
hydraulic drive
movement
5.1 glhard closed
gIard open
cgntrol circuit of the maehine
7 monitoring circuit gfthe machine

stiandstill detection
NOTE1 Tlere are fourpossibilities for the actuation of the second shut-off device V2 (see D.1.2.2).

NOTE 2  One of the position switches and the guard locking function can be integrated in one single devige.

NOTE3  Ifkhered

Figure D.1 — Example of interlocking, using three position switches and two independent shut-
off devices

D.1.2.2 Interlocking function
In addition to those in 4.1.4, the following requirements apply.

Position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013 shall be used.
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When the guard is in the closed position:

the first position switch S1 shall not be operated; and
the second position switch S2 shall be operated; and
the third position switch S3 shall not be operated; and

all position switches shall have closed contacts; and

the position switches S1 and S2 shall enable the control signal to the main shut-off device V1,

initiating the hazardous movement; and

hazardous movement.

Wheh the guard is not in the closed position:

The

shalllbe an additional valve which shall be:

a)
b)

)

d)

See Higure D.2.

¢ontrol signal to the hazardous movement via the main shut-offidevice V1; and

the third position switch S3 shall be positively acting anddirectly operated by the gua
interrupt the control signal to the hazardous movementyia the second shut-off device

becond shut-off device V2 which interrupts the flow to the cylinder for the hazardou

positively and directly actuated by the movable guard when the guard is opened; or

¢ontrolled by an additional position switch being positively and directly actuated by
guard when the guard is opened; or

¢ontrolled by a pilot valve being.positively and directly actuated by the movable gua
guard is opened; or

dlirectly actuated by the movable guard when the guard is opened.

the position switch S3 shall enable the control signal to the second shut-off device V2,ihitiating the

the first position switch S1 shall be positively acting and directly operated by the guard and shall
interrupt the control signal to the hazardous movement via the mainsshut-off device V1; and

the second position switch S2 shall no longer be operated by the"guard and shall interrupt the

rd and shall
V2.

S movement

the movable

rd when the

¢ontrolled by a pilot valye which is controlled by an additional position switch being pgsitively and
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Key
S3  third po{
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V2 seconds
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— the posi

the coni
a hardw

The shut-off]
guard so th3
of any furth

In the case
shall be mofj
off device, a

Commencen

ition switch
e
hut-off device

Figure D.2 — Alternatives for the actuation of the second shut-off device

tion switch (S3) shall have positive opening contacts;

nection between the position-switch and the second shut-off device or pilot valve shall i
ired circuit and shall be-independent from the non-safety PLC.

position of the second shut-off device shall be monitored during each movement cycle ¢
t a fault in the second shut-off device shall be automatically recognized and commence
br hazardous nmovément shall then be prevented.

f the second-shut-off device being pilot operated, the correct functioning of the pilot
litored. Where this is automatically monitored by the position switching of the second
Hditiopal automatic monitoring of the pilot valve is not required.

econd shut-off device/pilot valve is contfolled by a position switch according to alterndtives

evia

fthe
ment

ralve
shut-

pent of any further injection moulding machine cycle after closing of the movable g

uard

shall be possible only if an automatic monitoring of the following has been performed without detecting

a fault:

the switching of the position switches acting on the main shut-off device;

the switching of the position of the second shut-off device;

the switching of the position of the additional position switch [according to the alternatives b) or d)]

and/or the pilot valve [according to the alternatives c) or d)]. Where this is automatically monitored
by the position switching of the second shut-off device, additional automatic monitoring of the
additional position switch and/or pilot valve is not required.

Failure of the main shut-off device shall be detected by the process (e.g. directional valve) or monitoring
is necessary (e.g. cartridge valve).
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D.1.2.3 Guard locking
If guard locking is necessary (see 4.1.4), the following requirements apply in addition to those in 4.1.4.3.

The position of the guard locking device shall be automatically monitored before a new hazardous
movement is initiated. The signal change of the standstill detection shall be automatically monitored.
Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

D.1.2.4 Safety-related components
Foll

— 1nain shut-off device (valve);
— gecond shut-off device (valve);
— pilot valve (if applicable);
Iosition switches;

— guard locking device, if applicable.

D.1.3 Interlocking, using two position switches with safety device and two independent
shut-off devices

D.1.3.1 General

Figute D.3 shows the principle of interlocking using two position switches with safety deyice and two
independent shut-off devices.
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S1,S2 position switches

—

guard locking device

<
[EN

main|shut-off device (direction control valve for opening and closing the mould)

<
)

second shut-off device
powdr circuit
hydraulic drive
movegment

guard closed

guar]: open

control circuit of the machine
monitoring circuit of the'machine

safety device or safetyPLC for control and monitoring of the position switches
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N =

standstill detection

NOTE1 One of the'position switches and the guard locking function can be integrated in one single devige.

NOTE 2  Ifgheére is no guard locking (see D.1.3.3), the components drawn in dashed lines are not needed.

Figure D.3 — Example of interlocking, using two position switches with safety device and two
independent shut-off devices

D.1.3.2 Interlocking function

In addition to those in 4.1.4, the following requirements apply.

Both position switches shall act directly on a control and monitoring unit 8 according to PL. = e to interrupt
the power circuit for the hazardous movement via the two shut-off devices when the guard is opened.

Position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013 shall be
used.
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When the guard is in the closed position:

— the first position switch S1 shall not be operated; and
— the second position switch S2 shall be operated; and
— both position switches shall have closed contacts; and

— the position switches S1 and S2 shall enable the control signal to the shut-off devices via the safety
device 8, initiating the hazardous movement.

When the guard is not in the closed position:

— the first position switch S1 shall be positively acting and directly operated by the gualrd and shall
interrupt the control signal to the hazardous movement; and

— the second position switch S2 shall no longer be operated by the guard and’shall interrupt the
¢ontrol signal to the hazardous movement.

The s$econd shut-off device V2 which interrupts the flow to the cylinderfor‘the hazardous movement
shalllbe an additional valve which shall be:

a) ¢ontrolled directly by the safety device; or

b) 4ctuated by a pilot valve controlled by the safety device.

See Higure D.4.

PV

Key
PV pilot valve
V2 decond shut“off device

Figure D.4 — Alternatives for the actuation of the second shut-off device

The shut-off position of the second shut-off device shall be monitored during each movement cycle of the
guard so that a fault in the second shut-off device shall be automatically recognized and commencement
of any further hazardous movement shall then be prevented.

In the case of the second shut-off device being pilot operated, the correct functioning of the pilot valve
shall be monitored. Where this is automatically monitored by the position switching of the second shut-
off device, additional automatic monitoring of the pilot valve is not required.

The safety device for control and monitoring according to PL, = e shall:
— monitor the two position switches; and

— control the two shut-off devices.
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Failure of the main shut-off device shall be detected by the process (e.g. directional valve) or monitoring
is necessary (e.g. cartridge valve).

D.1.3.3 Guard locking

If guard locking is necessary (see 4.1.4), the following requirements apply in addition to those in 4.1.4.3.

The position of the guard locking device shall be automatically monitored before a new hazardous
movement is initiated. The signal change of the standstill detection shall be automatically monitored.
Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

D.1.3.4 Safety-related components

Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:
— main shut-off device (valve);

— second shut-off device (valve);

— pilot valve (if applicable);

— position switches;

— guard lgcking device, if applicable.

D.1.4 Interlocking, using a contactless position switch’and two independent shut-off
devices

D.1.4.1 Gdneral

Figure D.5 shows the principle of interlocking usinga contactless position switches and two independent
shut-off devjces.
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S1.1 | actuator of the position switch
S1.2 | position switch

=

guard locking device

<
JERN

main shut-off device (direction contrel-valve for opening and closing the mould)

<
N

second shut-off device

power circuit

hydraulic drive

movement

guard closed

guard open

control circtit-ef the machine

monitoring circuit of the machine

safety device or safety PLC for control and monitoring of the position switch
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N

standstill detection

NOTE1 The position switch S1.2 and the safety device 8 can act as a unit.

NOTE 2  Ifthere is no guard locking (see D.1.4.3), the components drawn in dashed lines are not needed.

Figure D.5 — Example of interlocking, using a contactless position switch and two independent
shut-off devices

D.1.4.2 Interlocking function
In addition to those in 4.1.4, the following requirements apply.

The position switch (magnetic, optical or RFID-Transponder — highly coded — ISO 14119:2013,
interlocking device Type 4) shall act directly on a safety device for control and monitoring or may act as
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a unit according to PL, = e to interrupt the power circuit for the hazardous movement via the two shut-
off devices when the guard is opened.

When the guard is in the closed position, the position switch shall enable the control signals via safety
device, initiating the hazardous movement.

The second shut-off device V2 which interrupts the flow to the cylinder for the hazardous movement
shall be an additional valve which shall be:

a) controlled directly by the safety device; or

b) actuated by a pilot valve controlled by the safety device.

See Figure ).6.

V2 V2

PV

Key
PV pilot valye
V2 second shut-off device

Figure D.6 — Alternatives for the actuation of the second shut-off device

The shut-off|position of the second shyt-pff device shall be monitored during each movement cycle ¢f the
guard so that a fault in the second shut-off device shall be automatically recognized and commencement
of any further hazardous moveméent shall then be prevented.

In the case ¢f the second shut=0ff device being pilot operated, the correct functioning of the pilot yalve
shall be monitored. Where'this is automatically monitored by the position switching of the second shut-
off device, aflditional automatic monitoring of the pilot valve is not required.

The safety device forcontrol and monitoring according to PL, = e shall:

— monitoxf the change of state of the two electrical contacts of the position switch; and

— control the two shut-off devices.

Failure of the main shut-off device shall be detected by the process (e.g. directional valve) or monitoring
is necessary (e.g. cartridge valve).

D.1.4.3 Guard locking
If guard locking is necessary (see 4.1.4), the following requirements apply in addition to those in 4.1.4.3.

The position of the guard locking device shall be automatically monitored before a new hazardous
movement is initiated. The signal change of the standstill detection shall be automatically monitored.
Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.
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D.1.4.4 Safety-related components

Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

D.2

main shut-off device (valve);

second shut-off device (valve);

pilot valve (if applicable);

guard locking device, if applicable.

D.2.

The
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In th
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1
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1

1

1
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q

D.2.
components shut-off devices

D.2.2

Figu

componéents as shut-off devices

Movable guards Protective Type III for electrical axes

Il General
ollowing requirements apply if Protective Type Ill is used for movable guards for elect
s case, one of the following shall be used:

hree position switches and two electromechanical components ‘as shut-off devices (se

see D.2.3); or

wo position switches with safety device and one electromechanical componentand a m

Winit with the safety-related function as shut:6ff devices (see D.2.5); or

hree position switches and a motor control unit with the safety-related function as sh
see D.2.6 and D.2.7); or

wo position switches with safety-device and a motor control unit with the safety-rela
is shut-off device (see D.2.8);"or

3 contactless position switch and a motor control unit with the safety-related functio
device (see D.2.9 and 0:2.10).

2 Interlocking;using three position switches and two electromechanical

.1 General

e-D.7 shows the principle of interlocking using three position switches and two electr

rical axes.

b D.2.2); or

wo position switches with safety device and two electromectfanical components as shult-off devices

hree position switches and one electromechanical €@mponent and a motor control unit with the
gafety-related function as shut-off devices (see D.2.4); or

otor control

t-off device

ted function

h as shut-off

bmechanical
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5.1 ghard closed
5.2 ghard open
6 control circuit of the-machine
7 njonitoring circuit of the machine
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NOTE 2  Therstandstill information can also be transferred from 9 to 2 and from 2 to 7.

NOTE 1 O¥e of the-position switches and the guard locking function can be integrated in one single devige.

Figure D.7 — Example of interlocking, using three position switches and two electromechanical
components as shut-off devices

D.2.2.2 Interlocking function

In addition to those in 4.1.4, the following requirements apply.

Position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013 shall be used.
When the guard is in the closed position:

— the first position switch S1 shall not be operated; and
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the second position switch S2 shall be operated; and
the third position switch S3 shall not be operated; and

all position switches shall have closed contacts; and

hazardous movement; and

movement.

the position switches S1 and S2 shall enable the control signal to the contactor K1, initiating the

the position switch S3 shall enable the control signal to the contactor K2, initiating the hazardous

Whe

1

The
thersg
othe

N the guard 1s not 1n the closed position:

he first position switch S1 shall be positively acting and directly operated by the\guard and shall

interrupt the control signal to the hazardous movement via the contactor K1; and

he second position switch S2 shall no longer be operated by the guard \and shall interrupt the

ontrol signal to the hazardous movement via contactor K1; and

he third position switch S3 shall be positively acting and directly ©pérated by the gug

interrupt the control signal to the hazardous movement via the éontactor K2.

contactors K1 and K2 shall interrupt the power between th& motor and the motor co
is the possibility of hazardous movement of axis due to stored energy in the motor cot
" cases, one contactor shall interrupt the power between the motor and the motor cont

the gther shall interrupt the power to the motor control unit to prevent common mode faily

The {
a ney

q

ollowing shall be automatically monitored at least once after opening of the movable g
v hazardous movement is initiated:

hange of state of the position switches;

— proper function of the contactors;

Auto
mon

Com
if no

D.2.3
Agu

The
movg
Com

matic monitoring of the position-switch S3 is not required if its change of state is ai
tored by the position switching'of contactor K2.

mencement of any further machine cycle after closing of the movable guard shall be g
faults have been detected.

.3 Guard locking
hrd lockingidevice shall be used. In addition to those in 4.1.4.3, the following requirem

position-of the guard locking device shall be automatically monitored before a nev
bment(is initiated. The signal change of the standstill detection shall be automatically
mencement of any further machine cycle after closing of the movable guard shall be g

rd and shall

ntrol unit, if
htrol unit. In
rol unit and
re.

uard before

itomatically

ossible only

ents apply.

y hazardous
monitored.
ossible only

if no

faults have been detected.

D.2.2.4 Safety-related components

Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

— shut-off devices (contactors with linked or mirror contacts);

— position switches;

— guard locking device.
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D.2.3 Interlocking, using two position switches with safety device and two
electromechanical components as shut-off devices

D.2.3.1 General

Figure D.8 shows the principle of interlocking using two position switches with safety device and two
electromechanical components as shut-off devices.

5.1
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r control unit
Fical motor
ment

guar

guarl: closed

open

control circuit of the machine
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standstill detection

One of the position switches and the guard locking function can be integrated in one single device.

Figure D.8 — Example of interlocking, using two position switches with safety device and two
electromechanical components as shut-off devices
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D.2.3.2 Interlocking function

In addition to those in 4.1.4, the following requirements apply.

Both position switches shall act directly on a control and monitoring unit 8 according to PL. = e to
interrupt the power circuit for the hazardous movement via the contactors when the guard is opened.

Position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013 shall be used.

When the guard is in the closed position:

— the first position switch S1 shall not be operated; and

—

— Iboth position switches shall have closed contact; and

— 1

Whe

— 1

— 1
[(

The

thersg
othe

the gther shall interrupt the power to the motor control unit to prevent common mode faily

The {
a ney

—

— proper function of the centactors.

Com
if no

D.2.3

Agu

he second position switch S2 shall be operated; and

h the guard is not in the closed position:

ontrol signal to the hazardous movement.

contactors K1 and K2 shall interrupt the powerhetween the motor and the motor co
is the possibility of hazardous movement of axis due to stored energy in the motor coi
" cases, one contactor shall interrupt the power between the motor and the motor cont

ollowing shall be automatically monitered at least once after opening of the movable g
v hazardous movement is initiated:

hange of state of the position.switches;
mencement of any further machine cycle after closing of the movable guard shall be g
faults have beendetéected.

.3 Guardlecking

hrd locking device shall be used. In addition to those in 4.1.4.3, the following requirem

movem

he position switches S1 and S2 shall enable the control signal to the contactors via the gafety device
8, initiating the hazardous movement.

he first position switch S1 shall be positively acting and directly operated by the guard and shall
iinterrupt the control signal to the hazardous movement; and

he second position switch S2 shall no longer be operated by the guard and shall interrupt the

ntrol unit, if
htrol unit. In
rol unit and
re.

uard before

ossible only

bnts apply.

y hazardous

position of the guard locking device shall be automatically monitored before a nev

monitored.

Commencement of any further machine cycle after closing of the movable guard shall be possible only

if no

faults have been detected.

D.2.3.4 Safety-related components

Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

— shut-off devices (contactors with linked or mirror contacts);

— position switches;

— guard locking device.
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D.2.4 Interlocking, using three position switches and one electromechanical component
and a motor control unit with the safety-related function as shut-off devices

D.2.4.1 General

Figure D.9 shows the principle of interlocking using three position switches and one electromechanical
component and a motor control unit with the safety-related function as shut-off devices.
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One of the position switches and the guard locking function can be integrated in one single device.

The standstill information can also be transferred from 9 to 2 and from 2 to 7.

Figure D.9 — Example of interlocking, using three position switches and one electromechanical
component and a motor control unit with the safety-related function as shut-off devices
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Interlocking function

In addition to those in 4.1.4, the following requirements apply.

Position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013 shall be used.

When the guard is in the closed position:

the first position switch S1 shall not be operated; and

the second position switch S2 shall be operated; and

the thir
all posit

the pos
hazardd

the pos
motor ¢

When the giiard is not in the closed position:

the firsf
interruj

the sec
control

the thir
interruj
the mot|

The contact
the possibil
cases, the cq

The motor ¢

switche

protect
The STO fun
The motor c

The followir

positiomrswitch S3shattmotbeoperated;anmd
ion switches shall have closed contacts; and

tion switches S1 and S2 shall enable the control signal to the contactor Kixinitiatin
us movement; and

tion switch S3 shall enable the control signal to the safety-related input'channel 2.1 d
pntrol unit, initiating the hazardous movement.

position switch S1 shall be positively acting and directlyoperated by the guard and
bt the control signal to the hazardous movement via the contactor K1; and

signal to the hazardous movement via contactorKY; and

d position switch S3 shall be positively acting and directly operated by the guard and
bt the control signal to the hazardous movement via the safety-related input channel }
pr control unit.

pr K1 shall interrupt the power between the motor and the motor control unit, if thq
ty of hazardous movement of axis due to stored energy in the motor control unit. In
ntactor K1 may interrupt the.power to the motor control unit.

ontrol unit shall be equipped with the internal safety function STO which:
s off the hazardous-movement of the axis; and

5 against unexpected or unintended start-up.

ction shalltbe'in accordance with IEC 61800-5-2:2016 and PL. = c.
ontrolunit shall be in accordance with [EC 61800-5-1:2007.

o the

f the

shall

nd position switch S2 shall no longer be operated by the guard and shall interrupt the

shall
.1 of

re is
ther

1g'shall be automatically monitored at least once after opening of the movable guard b

cfore

a new hazar

dousmovement s imitiated:

— change of state of the position switches;

— proper function of the contactor;

— the confirmation of switch-off condition given by the motor control unit.

Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

D.2.4.3 Guard locking

A guard locking device shall be used. In addition to those in 4.1.4.3, the following requirements apply.
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The position of the guard locking device shall be automatically monitored before a new hazardous
movement is initiated. The signal change of the standstill detection shall be automatically monitored.
Commencement of any further machine cycle after closing of the movable guard shall be possible only

if no faults have been detected.

D.2.4.4 Safety-related components
Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

— shut-off device (contactor with linked or mirror contacts);

.y 'R
- pUDlLlUll S WILLIICS,

— guard locking device.
D.2.5 Interlocking, using two position switches with safety device and\ene

eleciromechanical component and motor control unit with the safety-related f
shut-off devices

D.2.5.1 General

inction as

Figure D.10 shows the principle of interlocking using two positien switches with safety deyice and one

electfomechanical component and a motor control unit with thesafety-related function as shy

ht-off device.
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Figure D.10 — Example of interlocking, using two position switches with safety device and one
electromechanical component and a motor control unit with the safety-related function as shut-
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One of the position switches and the guard locking function can be integrated in one single device.

The standstill information can also be transferred from 9 to 2 and from 2 to 7.

off devices
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D.2.5.2 Interlocking function
In addition to those in 4.1.4, the following requirements apply.

Both position switches shall act directly on a control and monitoring unit 8 according to PL. = e to
interrupt the power circuit for the hazardous movement via the contactor and the motor control unit
when the guard is opened.

Position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013 shall be used.

When the guard is in the closed position:

— the first position switch 51 shall not be operated; and
— the second position switch S2 shall be operated; and
— Ioth position switches shall have closed contacts; and

— the position switches S1 and S2 shall enable the control signal to the cohtactor and t¢ the safety-
felated input channel 2.1 of the motor control unit via the safety device 8, initiating the hazardous
movement.

Wheh the guard is not in the closed position:

— the first position switch S1 shall be positively acting anddirectly operated by the guard and shall
interrupt the control signal to the hazardous movement; and

— the second position switch S2 shall no longer be @pérated by the guard and shall ipterrupt the
¢ontrol signal to the hazardous movement.

The ¢ontactor K1 shall interrupt the power between the motor and the motor control unit, if there is
the gdossibility of hazardous movement of axis due to stored energy in the motor control unit. In other
cases$, the contactor K1 may interrupt the péwer to the motor control unit.

The motor control unit shall be equipped with the internal safety function STO which:
— gwitches off the hazardous meyvement of the axis; and

— protects against unexpected or unintended start-up.

The $TO function shall bein accordance with IEC 61800-5-2:2016 and PL,. = c.

The motor control unit’shall be in accordance with IEC 61800-5-1:2007.

The following shall be automatically monitored at least once after opening of the movable guard before
a ney hazardeus movement is initiated:

— ¢hangé of state of the position switches;

— properfurnctionof the contactor;
— the confirmation of switch-off condition given by the motor control unit.

Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

D.2.5.3 Guard locking
A guard locking device shall be used. In addition to those in 4.1.4.3, the following requirements apply.

The position of the guard locking device shall be automatically monitored before a new hazardous
movement is initiated. The signal change of the standstill detection shall be automatically monitored.
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Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

D.2.5.4 Safety-related components

Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

— shut-off

device (contactor with linked or mirror contacts);

— position switches;

— guard]l

r‘l(ing device

D.2.6 Inte

related function as shut-off device with guard locking

D.2.6.1 G¢g

Figure D.11
with the saf

neral

bty-related function as shut-off device with guard locking.

rlocking, using three position switches and motor control unit with the safety-

shows the principle of interlocking using three position switches and/a motor control unit
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S1,S%4,S3 position switches
L guard locking device
2 motor control unit withthe safety-related function
2.0 confirmation of switch-off condition, initiated by 2.1
2.1 safety-related japut channel 1
2.2 safety-related.input channel 2
2.3 confirmation of switch-off condition, initiated by 2.2
3 electrical motor
4 movement
5.1 guard closed
5.2 guard open
6 control circuit of the machine
7 monitoring circuit of the machine
9 standstill detection

NOTE1 One of the position switches and the guard locking function can be integrated in one single device.
NOTE 2  The standstill information can also be transferred from 9 to 2 and from 2 to 7.

NOTE 3  Ifautomatic monitoring of the safety-related inputs is achieved within device 2, one return line from 2
to 7 is sufficient.

Figure D.11 — Example of interlocking, using three position switches and a motor control unit
with the safety-related function as shut-off device with guard locking
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Interlocking function

In addition to those in 4.1.4, the following requirements apply.

Position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013 shall be used.

When the guard is in the closed position:

the first position switch S1 shall not be operated; and

the second position switch S2 shall be operated; and

the thir

all posit

of the ]

the pos
motor ¢

positiomrswitch S3shattmotbeoperated;anmd

ion switches shall have closed contacts; and

the position switches S1 and S2 shall enable the control signal to the safety-related input chann

otor control unit, initiating the hazardous movement; and

tion switch S3 shall enable the control signal to the safety-related input'channel 2.1 d
pntrol unit, initiating the hazardous movement.

When the giiard is not in the closed position:

the first
interruj
the mot

the sec
control
control

the thir
interruj
the mot

The motor ¢

switche

protect
The STO fun
The motor ¢

The followiy
a new hazar

position switch S1 shall be positively acting and directlyoperated by the guard and
bt the control signal to the hazardous movement via the Safety-related input channel J
or control unit; and

nd position switch S2 shall no longer be operated by the guard and shall interru
signal to the hazardous movement via the safety-related input channel 2.2 of the
unit; and

d position switch S3 shall be positivelyacting and directly operated by the guard and
bt the control signal to the hazardous:movement via the safety-related input channel }
or control unit.

ontrol unit shall be equippediwith the internal safety function STO which:

s off the hazardous movyement of the axis; and

5 against unexpectedor unintended start-up.

ction shall be in\aécordance with IEC 61800-5-2:2016 and PL, = d, category 3.
ontrol unitishall be in accordance with I[EC 61800-5-1:2007.

1g shallbe automatically monitored at least once after opening of the movable guard b
dous movement is initiated:

o

b] 2.2

f the

shall

.2 of

the
tor

shall
.1 of

cfore

change

of state of thre positiomswitches;

— the confirmation of switch-off condition given by the motor control unit.

Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

D.2.6.3 Guard locking

A guard locking device shall be used. In addition to those in 4.1.4.3, the following requirements apply.

The position of the guard locking device shall be automatically monitored before a new hazardous
movement is initiated. The signal change of the standstill detection shall be automatically monitored.
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Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

D.2.6.4 Safety-related components
Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:
— position switches;

— guard locking device.

D.2.7—imtertocking, using three pusitiomrswitches amd-amotor controtumit with the
safefy-related function as shut-off device without guard locking

D.2.7.1 General

Figure D.12 shows the principle of interlocking using three position switches.and a motor(control unit
with|the safety-related function as shut-off device without guard locking,
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cgntrol circuit of the machine
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second stopping device (e.g. operational brake)
safety device for the activation, testing and monitoring of the second stopping device

If automatic monitoring of the safety-related inputs is achieved within device 2, one return line from 2

to 7 is sufficient.

NOTE 2

Alternatively, the control and monitoring of the second stopping device can be accomplished by

device 2 via safety functions safe brake control and safe brake test.

Figure D.12 — Example of interlocking, using three position switches and a motor control unit
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with the safety-related function as shut-off device without guard locking
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Interlocking function

In addition to those in 4.1.4, the following requirements apply.

Position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013 shall be used.

When the guard is in the closed position:

Wheh the guard is not in the closed position:

The motor control unit shall(be €quipped with the following internal safety functions:

a)

b)

the first position switch S1 shall not be operated; and

the second position switch S2 shall be operated; and

hethird-positiomrswitchr S3strattmot beoperated;amd
3ll position switches shall have closed contacts; and

the position switches S1 and S2 shall enable the control signal to the safety-related inpuf
f the motor control unit, initiating the hazardous movement and shallydeactivate
gtopping device (e.g. brake) via the safety device 11; and

the position switch S3 shall enable the control signal to the safetystelated input chann
mnotor control unit, initiating the hazardous movement.

f the motor control unit and shall activate the second stopping device (e.g. brake) v

};terrupt the control signal to the hazardous movement via the safety-related input
evice 11; and

1
¢ontrol signal to the hazardous movement via the safety-related input channel 2.2 ¢
¢ontrol unit and shall activate the second-stopping device (e.g. brake) via the safety dey

the third position switch S3 shall-be'positively acting and directly operated by the gua
iinterrupt the control signal to the-hazardous movement via the safety-related input cH
the motor control unit.

$TO which:

switches off'the hazardous movement of the axis; and

— protectg'against unexpected or unintended start-up.

The STO.function shall be in accordance with IEC 61800-5-2:2016 and PL, = d, category

channel 2.2
the second

el 2.1 of the

the first position switch S1 shall be positively acting and‘directly operated by the guard and shall

channel 2.2
a the safety

he second position switch S2 shall no longér be operated by the guard and shall interrupt the

f the motor
rice 11; and

rd and shall
annel 2.1 of

3.

$dfety function SS1 for safe stopping. The SS1 function shall be in accor

Hance with

EC 61800-5-2:2016 and PL,. = d, category 3.

The motor control unit shall be in accordance with IEC 61800-5-1:2007.

The following shall be automatically monitored at least once after opening of the movable guard before
a new hazardous movement is initiated:

change of state of the position switch;

— the confirmation of switch-off condition and of safe stopping, given by the motor control unit;

information given by the stopping/standstill detection.

Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.
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If a friction-based stopping device (e.g. brake) is used, it shall be regularly tested. Start of production
shall only be possible if the device has been successfully tested within the last four weeks. If the machine
is operating continuously in automatic mode, it is not necessary to stop the machine for the test. In this
case a test is necessary before restarting production after the machine has been stopped.

D.2.7.3 Safety-related components

Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

— position switches;

— second

Safety devi
accordance

D.2.8 Inte
unit with t

D.2.8.1 G¢g

Figure D.13
motor contr]

de - 1 - L 1 1 Y
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re for the activation, testing and monitoring of the second stopping device shall |
with PL, = c.

rlocking, using two position switches with safety device and a meétor contr
he safety-related function as shut-off device

neral

shows the principle of interlocking using two position switches with safety device 4
ol unit with the safety-related function as shut-off device:

be in

ol

ind a
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2 motor control unit with-the/safety-related function
2.0 confirmation of switch-off condition, initiated by 2.1
2.1 safety-related inputichannel 1
2.2 safety-relatedinput channel 2
2.3 confirmatiefrof switch-off condition, initiated by 2.2
3 electric¢al motor
4 maevement
5.1 guard closed
5.2 sucu d UPCII
6 control circuit of the machine
7 monitoring circuit of the machine
8 safety device or safety PLC for control and monitoring of the position switches

9 standstill detection
NOTE1 One of the position switches and the guard locking function can be integrated in one single device.

NOTE 2  The standstill information can also be transferred from 9 to 2 and from 2 to 7.

Figure D.13 — Example of interlocking, using two position switches with safety device and a
motor control unit with the safety-related function as shut-off device
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D.2.8.2 Interlocking function
In addition to those in 4.1.4, the following requirements apply.

Both position switches shall act directly on a control and monitoring unit 8 according to PL,. = e to interrupt
the power circuit for the hazardous movement via the motor control unit when the guard is opened.

Position switches in accordance with Type 1 or Type 2 interlocking device of ISO 14119:2013 shall be used.
When the guard is in the closed position:

— the first position switch S1 shall not be operated; and

— the secqnd position switch S2 shall be operated; and
— both popition switches shall have closed contacts; and

— theposition switches S1 and S2 shall enable the control signal to the safety-related.input channels 2.1
and 2.2 |of the motor control unit via the safety device 8, initiating the hazardous'movement.

When the giiard is not in the closed position:

— the first position switch S1 shall be positively acting and directly operated by the guard and|shall
interrupt the control signal to the hazardous movement; and

— the secpnd position switch S2 shall no longer be operated by the guard and shall interrupjt the
control signal to the hazardous movement.

The motor dontrol unit shall be equipped with the internal safety function STO which:

— switches off the hazardous movement of the axis; and

— protect$ against unexpected or unintended startsup.

The STO furfction shall be in accordance with JEC61800-5-2:2016 and PL, = d, category 3.
The motor control unit shall be in accordance with IEC 61800-5-1:2007.

The following shall be automatically monitored at least once after opening of the movable guard bgfore
a new hazarndous movement is initiated:

— change pf state of the position switches;
— the confirmation of switch-off condition given by the motor control unit.

Commencerhent of any, further machine cycle after closing of the movable guard shall be possible| only
if no faults Have beendetected.

D.2.8.3 Guadrd locking

A guard locking device shall be used. In addition to those in 4.1.4.3, the following requirements apply.

The position of the guard locking device shall be automatically monitored before a new hazardous
movement is initiated. The signal change of the standstill detection shall be automatically monitored.
Commencement of any further machine cycle after closing of the movable guard shall be possible only
if no faults have been detected.

D.2.8.4 Safety-related components
Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:

— position switches;
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— guard locking device.

D.2.9 Interlocking, using a contactless position switch and a motor control unit with the
safety-related function as shut-off device with guard locking

D.2.9.1 General

Figure D.14 shows the principle of interlocking using a contactless position switch and a motor control
unit with the safety-related function as shut-off device with guard locking.
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2.3 confirhation ef'switch-off condition, 9 standstill detection
initiatgd by 2¢2

NOTE 1 Tl arvaocition cuniteh €1 9 and tha cafaty dogien Q can Ant A 2 it
PSSO Sttt o=t that-5artry atvrte-otarratrasa ot

NOTE 2  If automatic monitoring of the safety-related inputs is achieved within the motor control unit, one
return line to the monitoring circuit of the machine is sufficient.

NOTE 3  The standstill information can also be transferred from 9 to 2 and from 2 to 7.

Figure D.14 — Example of interlocking, using a contactless position switch and a motor control
unit with the safety-related function as shut-off device with guard locking

D.2.9.2 Interlocking function

In addition to those in 4.1.4, the following requirements apply.
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When the guard is in the closed position, the position switch shall enable the control signals via safety
device, initiating the hazardous movement.

When the guard is not in the closed position, the position switch (magnetic, optical or RFID-
Transponder — highly coded — ISO 14119:2013, Type 4) shall act directly on a safety device for control
and monitoring or may act as a unit according to PL.. = e to interrupt the power circuit for the hazardous
movement via the motor control unit.

The motor control unit shall be equipped with the internal safety function STO which:

— switches off the hazardous movement of the axis; and

— protects against unexpected or unintended start-up.
The $TO function shall be in accordance with IEC 61800-5-2:2016 and PL, = d, categery’3.
The inotor control unit shall be in accordance with IEC 61800-5-1:2007.

The following shall be automatically monitored at least once after opening ofithe movable guard before
a new hazardous movement is initiated:

— the change of state of the two electrical contacts of the position $witch;
— the confirmation of switch-off condition given by the motor-céntrol unit.

Commencement of any further machine cycle after closing.ef the movable guard shall be gossible only
if nofaults have been detected.

D.2.9.3 Guard locking

A guard locking device shall be used. In addition'to those in 4.1.4.3, the following requirements apply.

The position of the guard locking device shall be automatically monitored before a new hazardous
movément is initiated. The signal changeof the standstill detection shall be automatically monitored.
Commencement of any further maching cycle after closing of the movable guard shall be gossible only
if no ffaults have been detected.

D.2.9.4 Safety-related components
The position switch shall-be in accordance with IEC 60947-5-3:2013.

The guard locking déyice shall be a well-tried component according to ISO 13849-1:2015, 6|2.4.

D.2.10 Interlocking, using a contactless position switch and a motor control unjt with the
safety-related function as shut-off device without guard locking

D.2.1022 General

Figure D.15 shows the principle of interlocking using a contactless position switch and a motor control
unit with the safety-related function as shut-off device without guard locking.
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Key
S1.1 actuator]of the position switch 4  movement
S1.2 position|switch 5.1 guard closed
2 motor cdntrol unit with the safety-related function 5.2 guard open
2.0 confirmation of switch-off conditioriand of safe 6  control circuit of the machine
stopping, initiated by 2.1 7  monitoring circuit of the machine
2.1 safety-r¢lated input chapnell 8  safety device or safety PLC for control and
2.2 safety-r¢lated input chaniiel 2 monitoring of the position switch
2.3 confirmation of switch-off condition and of safe 9  stopping/standstill detection
stopping, initiated by 2.2 10 second stopping device (e.g. operational brake)

3 electricT niotor 11 safety device for the activation, testing and

NOTE1 Ifautomatic monitoring of the safety-related inputs is achieved within device 2, one return line from 2
to 7 is sufficient.

NOTE 2  The position switch S1.2 and the safety device 8 can act as a unit.

NOTE 3  The control and monitoring of the second stopping device can alternatively be accomplished by device
2 via safety functions safe brake control and safe brake test.

Figure D.15 — Example of interlocking, using a contactless position switch and a motor control
unit with the safety-related function as shut-off device without guard locking
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D.2.10.2 Interlocking function

In ad

dition to those in 4.1.4, the following requirements apply.

When the guard is in the closed position, the position switch shall enable the control signals via safety
device, initiating the hazardous movement and shall deactivate the second stopping device (e.g. brake)
via safety device.

When the guard is not in the closed position, the position switch (magnetic, optical or RFID-
Transponder — highly coded — ISO 14119:2013, Type 4) shall interrupt the control signals to the motor
control unit via shut-off channels for the hazardous movement and activate the second stopping device

(e.g.

’\7‘9]!9) viathe CQFQf}I device 11 :\r‘rnrr‘ing to Pl ==

The motor control unit shall be equipped with the following internal safety functions;

a)

b)
1

TO which:
— switches off the hazardous movement of the axis; and

— protects against unexpected or unintended start-up.

The STO function shall be in accordance with IEC 61800-5-2:2016.and PL, = d, category

afety function SS1 for safe stopping. The SS1 fumetion shall be in accor
EC 61800-5-2:2016 and PL_ = d, category 3.

The motor control unit shall be in accordance with IEC 61800-5-1:2007.

The {
a ney

— 1

— 1

ollowing shall be automatically monitored at least'once after opening of the movable g
v hazardous movement is initiated:

he change of state of the two electrical contacts of the position switch;

he confirmation of switch-off conditien and of safe stopping, given by the motor contr

— information given by the stopping/standstill detection.

Com
if no

If a f}
shall
is op
case,

D.2.]

mencement of any further-machine cycle after closing of the movable guard shall be g
faults have been detected;

Fiction-based stopping device (e.g. brake) is used, it shall be regularly tested. Start o
only be possiblejif'the device has been successfully tested within the last four weeks. If
erating contindously in automatic mode, it is not necessary to stop the machine for the
a test is necessary before restarting production_after the machine has been stopped.

0.3 Safety-related components

The |

3.

dance with

uard before

bl unit;

ossible only

 production
the machine
test. In this

pasition switch shall be in accordance with IEC 60947-5-3:2013.

Safety device for the activation, testing and monitoring of the second stopping device (e.g. brake) shall

be in

D.3

accordance with PL_=c.

Light curtain Protective Type III for hydraulic axes

D.3.1 General

The following requirements apply if Protective Type IIl is used for light curtains for hydraulic axes.

Two independent shut-off devices shall be used.
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D.3.2 Interlocking using a light curtain and two independent shut-off devices

D.3.2.1 General

Figure D.16 shows the principle of interlocking using a light curtain and two independent shut-off
devices.

V2 Vi1

O

Key
V1 main shyt-off device (directiongontrol valve for opening and closing the mould)
V2 second shut-off device

power cifcuit

hydrauli¢ drive

movemeht

light curtajd

control dircaitefthemachine

oottt

monitoring circuit of the machine

O N O Ul D W

safety device or safety PLC for control and monitoring of the light curtain

NOTE Devices 5 and 8 can act as a unit.

Figure D.16 — Example of interlocking, using a light curtain and two independent shut-off devices

D.3.2.2 Interlocking function

In addition to those in 4.1.4, the following requirements apply.
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An interruption of the light curtain shall directly interrupt the power circuit for the hazardous
movement via the two shut-off devices.

A control and monitoring unit (device 8 in Figure D.16) shall in accordance with PL_. = e:

— monitor the light curtain; and

— control the shut-off devices.

The second shut-off device V2 which interrupts the flow to the cylinder for the hazardous movement

shall

be an additional valve which shall be:

a)
b) 4
See H

Key

ontrolled directly by the satety device; or

ictuated by a pilot valve controlled by the safety device.

igure D.17.

V2 V2

PV

PV pilot valve

V2 o

The
seco]

econd shut-off deyice
Figure D.17 — Alternatives for the actuation of the second shut-off device

monitoring circuit of the injection moulding machine shall monitor the shut-off po
ndshut-off device, at or after, each interruption of the light curtain so that a fault in the

bition of the
second shut-

off d
shall

eVice Sitatt be automatically TecogniZzed and COMIMENCENTENT Of any further nazaraou
then be prevented.

movement

Failure of the main shut-off device shall be detected by the process (e.g. directional valve) or monitoring
is necessary (e.g. cartridge valve).

In the case of the second shut-off device being pilot operated, the correct functioning of the pilot valve
shall be monitored. Where this is automatically monitored by the position switching of the second shut-
off device, additional automatic monitoring of the pilot valve is not required.
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D.3.2.3 Safety-related components

Following devices shall be well-tried components according to ISO 13849-1:2015, 6.2.4:
— main shut-off device (valve);

— second shut-off device (valve);

— pilot valve (if applicable).

The safety function of the ESPE (consisting of devices 5 and 8 in Figure D.16) shall be in accordance
with IEC 61496-1:2012, Type 4, and PL, =e.

D.4 Light curtain Protective Type III for electrical axes

D.4.1 General
The following requirements apply if Protective Type 11l is used for light curtains for electrical axes.
In this case,|the following shall be used:

— two ele¢tromechanical components as shut-off device (see D.4.2); or,

— one eledtromechanical component and a motor control unit with€¢he’safety-related function as shut-
off devifes (see D.4.3); or

— amotor{control unit with the safety-related function as shut-off device (see D.4.4).

D.4.2 Interlocking, using a light curtain and two electromechanical components as shut-
off devices

D.4.2.1 Gdneral

Figure D.1§ shows the principle of interloeking using a light curtain and two electromechanical
componentq as shut-off devices.
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