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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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ional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Paxt?Z.

e

n task of technical committees is to prepare International Standards. Draft Internation3
s adopted by the technical committees are circulated to the member bodies.for voting.
ion as an International Standard requires approval by at least 75 % of the member bodie
h vote.

[72)

-

ghts. ISO shall not be held responsible for identifying any or all such patent rights.

—

b6-3 was prepared by Technical Committee ISO/TC 199, Safety ofmachinery and by Technica
tee CEN/TC 114, Safety of machinery in collaboration.

cond edition cancels and replaces the first edition (ISOy~13856-3:2006), which has bee
lly revised.

=)

[

b6 consists of the following parts, under the general title Safety of machinery — Pressure-sensitiv
be devices:

1: General principles for design and testing of pkessure-sensitive mats and pressure-sensitive floor

%2}

2: General principles for design and testing of pressure-sensitive edges and pressure-sensitive bar

%2}

t 3: General principles for design apd-testing of pressure-sensitive bumpers, plates, wires anfd
lar devices

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=65f82e90c251b351fb8feecdf0755c92

ISO 13856-3:2013(E)

Introduction

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

a) Type-A standards (basic safety standards) giving basic concepts, principles for design, and general
aspects that can be applied to all machinery;

b) Type-Bstandards (generic safety standards) dealing with one safety aspect or one type of safeguard
that can be used across a wide range of machinery:

— type-B1 standards on particular safety aspects (e.g. safety distances, surface temperatupg, noise);

— type-B2 standards on safeguards (e.g. two-hand controls, interlocking devices, pressure-
sensitive devices, guards);

d Type-C standards (machine safety standards) dealing with detailed safety*requiremernts for a
particular machine or group of machines.

This document is a type-B2 standard as stated in ISO 12100.

o

he requirements of this document can be supplemented or modified.by a type-C standard.

o wl

or machines which are covered by the scope of a type-C standard.and which have been designed &and built
ccording to the requirements of that standard, the requirements of that type-C standard take prefedence.

Q

he safeguarding of machinery (see ISO 12100:2010, 3.2%) ¢an be achieved by many different means.
hese means include guards which prevent access to the hazard zone by means of a physica] barrier
for example, interlocking guards according to ISO 14119 or fixed guards according to ISO 14120) and
rotective devices (for example, electro-sensitive protective equipment according to IEC 61496-1 or
ressure-sensitive protective devices according to this part of ISO 13856).

ype-C standards makers and designers of ‘machinery/installations should consider the best way to
chieve the required level of safety taking into account the intended application and the results of the
isk assessment (see ISO 12100).

= oo e R

—_

herequired solution can also be to.combine several of these different means. The machinery/installation
upplier and the user examine together carefully the existing hazards and constraints beforel making
heir decision on the choice-of safeguarding.

W

ressure-sensitive protective devices are used in a wide range of applications with different conditions
f use relating, for example, to extremes of loading or electrical, physical and chemical envirdgnments.
hey are interfaced\with machine controls to ensure that the machine reverts to a safe condition if the
ensitive protective equipment is actuated.

N _—d 0O "

—_

his part,ef\ISO 13856 is restricted to the design of pressure-sensitive protective devices so that they
an be used when the risk assessment carried out by the machine manufacturer and/or relevant type-C
standard, when available, shows this to be appropriate.

(@)

This’part of ISO 13856 does not specify the dimensions and the configuration of the effectivel sensing
surface of the pressure-sensitive protective devices in relation to any particular application. However,
thereisarequirement for the manufacturer of any safeguard to provide sufficientinformation to enable the
user (i.e. the machinery manufacturer and/or user of the machinery) to specify an adequate arrangement.

The forces for the activation of the pressure-sensitive protection devices specified in this part of
[SO 13856 are based on the information available at the time of publication. These forces will be kept
under review so that the results of further research into forces that can be applied to the human body
without causing significant injury can be taken into account. While these forces provide a practical
means for the design and testing of the pressure-sensitive device, they cannot prevent injury in all
applications. When specifying the actuating force for a specific device or application many factors
should be taken into account. These include the contact area, the contact speed, the material used and
the part of the body affected.

© IS0 2013 - All rights reserved v
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Safety of machinery — Pressure-sensitive protective
devices —

Part 3:

ensitive bumpers, plates, wires and similar devices

Scope

his part of ISO 13856 establishes general principles and specifies requirefrents for the dej
tpsting of those pressure-sensitive protective devices, with or without an extérnal reset facility,
ot specified in either ISO 13856-1 or ISO 13856-2, and the majority of which are produced for
pplications and are not available as “off-the-shelf” items.

This part of ISO 13856 also gives specific requirements for\the following pressure-s
fdrotective devices:

d) pressure-sensitive bumpers;
H) pressure-sensitive plates;

d pressure-sensitive wires (trip wires).

et

F deals with the design of a pressure-sensitive'device with regard to safety and reliability rat
s suitability for particular applications.

—

NOTE 1  For the relationship between.safety and reliability, see ISO 13849-1:2006, 4.2.

=z

OTE2 The machinery manufacturer and/or user is responsible for installing appropriate types of p
device based on a risk assessment.

p—

F is not applicable to

- specifying the diffiensions of pressure-sensitive protective devices in relation to any ps:
application, or

— stopping devices according to IEC 60204-1 used for the normal operation, including en
stopping 6f machinery.

skandards (see ISO 12100 and Introduction).

ign and
thatare
specific

ensitive

her than

Fotective

rticular

ergency

NOTE 3«-Specific requirements for particular applications are intended to be set forth in relevapt type-C

Additional requirements can he necessary where pressure-sensitive protective devices are

used in

locations accessible to elderly or disabled people or children.

NOTE4  While requirements are given for the immunity of the device to electromagnetic disturbances, these

are not intended to cover all aspects of electromagnetic compatibility (EMC).

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document
indispensable for its application. For dated references, only the edition cited applies. For
references, the latest edition of the referenced document (including any amendments) applies

and are
undated

[SO 4413, Hydraulic fluid power — General rules and safety requirements for systems and their components

© IS0 2013 - All rights reserved
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ISO 4414, Pneumatic fluid power — General rules and safety requirements for systems and their components
IS0 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

ISO 13849-1:2006, Safety of machinery — Safety-related parts of control systems — Part 1: General
principles for design

[SO 13849-2, Safety of machinery — Safety-related parts of control systems — Part 2: Validation

[SO 13855:2010, Safety of machinery — Positioning of safeguards with respect to the approach speeds of
parts Of et l’/udy

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

[EC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature
IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state

IEC 60204-1:2005, Safety of machinery — Electrical equipment of machines — Part-1-General requirement

[

IEC 60529, Degrees of protection provided by enclosures (IP code)

[EC 606p4-1:2007, Insulation coordination for equipment within low-voltage systems — Part 1: Principle,
requirements and tests

IEC 609§7-5-1, Low-voltage switchgear and controlgear — Part:5-1: Control circuit devices and switching
element§ — Electromechanical control circuit devices

[EC 60947-5-5:1997, Low-voltage switchgear and contraelgear — Part 5-5: Control circuit devices anfd
switching elements — Electrical emergency stop devicewith mechanical latching function

IEC 610p0-4-2, Electromagnetic compatibility (EM€) — Part 4-2: Testing and measuring techniques
Electrostatic discharge immunity test

IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement techniques
Radiated, radio-frequency, electromagnetie/field immunity test

[EC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement techniques —
Electricql fast transient/burst inimunity test

IEC 61000-4-5, Electromagunetit compatibility (EMC) — Part 4-5: Testing and measurement techniques —
Surge immunity test

IEC 61000-4-6, Electzomagnetic compatibility (EMC) — Part 4-6: Testing and measurement techniques —
Immunitly to conducted disturbances, induced by radio-frequency fields

=

industri@l.environments

[EC 610F0-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunity fo

IEC 61439-1:2009, Low-voltage switchgear and controlgear assemblies — Part 1: General rules

3 Terms and definitions

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

2 © IS0 2013 - All rights reserved
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3.1

pressure-sensitive protective device

sensitive protective equipment of the “mechanically activated trip” type intended to detect the touch of
a person or body part of a person and which can also act as impeding device

Note 1 to entry: A pressure-sensitive protective device consists of a sensor or sensors, which generates a signal
when pressure is applied to part of its outer surface, and a control unit, which responds to the signal from the
sensor and generates an output signal(s) to the control system of a machine.

Note 2 to entry: Pressure-sensitive protective devices can be used as tripping devices as well as presence-sensing
€vices, as mentioned 1 150 12100:2010, NOTE to 3.28.5. FOT presence-sensing devices, see also 4.2.6.2.

=z

ote 3 to entry: For the definitions of sensitive protective equipment and impeding device, see 1S0,12100:2010,
.28.5 and 3.29, respectively.

)

311

pressure-sensitive bumper

Hressure-sensitive protective device (3.1) with a sensor (3.3) or sensors whose ¢haracteristics arga cross-
section throughout the pressure-sensitive area that can be regular or irregular, a cross-sectign width
ysually greater than 80 mm, and an effective sensing surface (3.10) thatjis-deformed locally or [that can
hove as a whole

3.1.2

pressure-sensitive plate

Hressure-sensitive protective device (3.1) with a sensor (3.3)\0or sensors whose characteristicp are an
dffective sensing surface (3.10) that is normally — but not ngcessarily — flat, an effective sensing surface
width usually greater than 80 mm, and an effective sensing surface that moves as a whole

=z

ote 1 to entry: See Figure C.5.

1.3

ressure-sensitive wire
ressure-sensitive protective device (3.1) with a sensor (3.3) or sensors whose characteristics arg a wire,
ord, rope or cable held in tension, and where a change in the tension is detected to give an outpfit signal

O TS ot

2

resence-sensing device
SD

ensitive protective equipment that creates a sensing field, area or plane for detecting the presence of a
ody part or the whole of.a person

O 0 ==

=

ote 1 to entry: Pressure-sensitive protective devices can be used as tripping devices as well as presenc¢-sensing
devices, as mentionéd in ISO 12100:2010, Note to 3.28.5.

Note 2 to entryiSee also 4.2.6.2.

33

sensor
fgatt,of the pressure-sensitive protective device (3.1) which generates a signal in response to spfficient
pressureapptied to partof itssurface

Note 1 to entry: This definition together with that of control unit (3.4) covers the functional components of a
pressure-sensitive protective device. These functions can be integrated into a single assembly or contained in any
number of separate assemblies. See Figure 1.

© ISO 2013 - All rights reserved 3
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3.4

control unit

part of the pressure-sensitive protective device (3.1) which responds to the condition of the sensor (3.3)
and generates output signals to the machine control system

Note 1 to entry: This definition together with that of sensor (3.3) covers the functional components of a pressure-
sensitive protective device. These functions can be integrated into a single assembly or contained in any number
of separate assemblies. See Figure 1.

3.5

output §ignal switching device
part of the control unit (3.4) of a pressure-sensitive protective device (3.1) which is connected to.the
maching control system and transmits output signals

3.6
ON state
state in fhich the output circuit(s) of an output signal switching device (3.5) is complete and permits th|
flow of qurrent or fluid

[

3.7
OFF state

state in Which the output circuit(s) of an output signal switching device (3.5)1s broken and interrupts th|
flow of qurrent or fluid

[

3.8
actuating force

any forde applied to the sensor (3.3) which causes the output-signal switching device (3.5) to go to th|
OFF state (3.7)

()

3.9
approac¢h speed
relative speed at which contact is made between thie surface of the sensor (3.3) and a part of the body

3.10
effective sensing surface

part of the surface of the sensor (3.3) or a combination of sensors, as stated by the manufacturer, where th|
applicatjon of an actuating force (3.8)creates an OFF state (3.7) in the output signal switching device (3.5}

D

3.11
effective sensing direction(s)
directiop(s) of the actuatingforce (3.8) from which the sensor (3.3) will be actuated

3.12
dead sufrface
part of the surface.atea of the sensor (3.3) outside the effective sensing surface (3.10)

measured from the point at which this object touches the effective sensing surface (3.1) to the point at
which the output signal switching device (3.5) changes to an OFF state (3.7) under specified conditions

Note 1 to entry: See Figure 2.
Note 2 to entry: Actuating travel can differ from pre-travel, atermrelating to a pressure-sensitive edge or pressure-

sensitive bar (see ISO 13856-2) and signifying travel in the direction normal to the reference axis; actuating travel
is in the direction of the applied force.

4 © IS0 2013 - All rights reserved
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3.14

working travel
distance travelled by a specified object, moving in the direction of the applied actuating force (3.8), and
measured from the point at which this object touches the effective sensing surface (3.10), under specified

C

onditions, to where a specified force is exerted on the object

Note 1 to entry: See Figure 2 and Annex B.

3.15
overtravel

013(E)

(¢
a

N

o A e B WO

Q —h =

O =

< A =

re measured with the same object applied under the same conditions
ote 1 to entry: See Figure 2.

16

prce-travel relationship

elationship between the force applied and the distance travelled by a pressuré-sensitive protecti
3.1) in operation

ote 1 to entry: See Figure 2.

a7

eset

linction which permits an ON state (3.6) in the output signalswitching device (3.5), provided tha
onditions are met

18
hounting orientation
rientation in space of the sensor (3.3)

19

ptal travel
novement or deformation of the effective sensing surface (3.10) of a pressure-sensitive protectii
B.1), measured in the direction of.the actuating force (3.8) from the point of contact to the
Uhich no further significant deformation of the effective sensing surface occurs

ifference between the working travel (3.14) and the actuating travel (3.13) when both these,djistances

Ve device

f certain

be device
point at
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put signal switching device

L of the machine control system for pressure-sensitive protective device output signal processing

Sor output

state/OFF state signal

hual reset signal**

bt signal from machine €ontrol system (where appropriate)

hitoring signals (optional)

hual reset signalto the machine control system***

Chine control.system(s)

be locatéd within the machine control system or as part of the machine control system, e.g. as a logic
Ck.

ere’ appropriate, this may be used as an alternative to a.

Whleré&Zappnropriate-thismavrbeused-as-an-alternativeto9
Pprep T y-Be-HSee + Hy -

Figure 1 — Systematic sketch of pressure-sensitive protective device as applied to machine
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actuating point and actuating forcé at maximum operating speed
force-travel points occurring'at force of 250 N (B1) or 400 N (B2) at operating speed of < 10 mm - s-1
force-travel point occurring, for example, at a force of 600 N at an operating speed of < 10 mm - s-1
reference force
lowest actuating force
force, N
travel, mm
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oveftravel at 250 N
Wworking travel at 250 N

avertravel at 400 N

working travel at 400 N
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Figure 2 — Diagram of force-travel relationship — Example
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4 Requirements for design and testing

4.1 General

The majority of pressure-sensitive protective devices covered by this part of ISO 13856 are made for
specific applications. Where appropriate, the device manufacturer and the machine builder shall agree
on the application specific requirements in accordance with a risk assessment and specify the essential
force-travel data for the application.

=

The pregsure=semsitive protective device strattHtrave dimmermnsionsamdbepositioned suctr that thesers
will detgct by touch the approach of a person or part of a person to a hazardous situation or a hazard zong.

In generfal, there are two types of application, as follows.

a) The|device is used to stop the hazardous parts of machinery that are remote from thesefisor. In thi
application, the distance between the sensor and the moving parts of the machine shall be such th3
the machine stops before any part of the body can reach the hazardous zone. The(distance shall b
caldulated on the basis of the principles presented in ISO 13855. See the example-given in C.4.2.

D = Wn

b) The|sensor is mounted on the hazardous part of the machine or adjacentto it, so that the machin
will|stop or reverse to a safe position after the sensor is actuated andbefore injury can occur. Se
the pxample given in C.3.10.

[CEe]

[72)

The follpwing basic requirements apply to all the pressure-sensitivé\protective devices covered by thi
partof IFO 13856. Additional specific requirements are given for pressure-sensitive bumpers, pressure
sensitive plates and pressure-sensitive wires. These specific requirements according to 4.3 to 4.5 take
precedehce over the basic requirements given in 4.2.

4.2 Basicrequirements

4.2.1 Actuating force
For the test method, see 7.1.1 and 7.1.5.

The lowgst actuating force(s) necessary to-cause the output signal switching device to go to an OFF state
shall not exceed those specified in Table 2, when applied

— inthe reference direction(s),

— ovel the effective sensing-surface,

— atthe relevant appreach speed(s),
— with the sensotin the mounting orientations,
— with the r€levant test piece, and

— over the temperature range,

which the manufacturer of the pressure-sensitive protective device has specified or which have been
agreed by the manufacturer of the pressure-sensitive protective device and the machine builder(s).

The lowest actuating force could need to be less than that stated in Table 2 for specific applications
and designs of sensor. See 4.5.3 for the lowest actuating force necessary to cause the control unit for
pressure-sensitive wires to go to the OFF state.

NOTE1 A suitable risk assessment will show which body part(s) are to be considered for a particular
application, enabling the relevant test piece(s) to be used.

8 © IS0 2013 - All rights reserved
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NOTE 2  The forces specified in this clause are primarily intended for the purpose of assessing the pressure-
sensitive performance of the device. These forces ought not to be considered as safe forces for all applications (see
Introduction and Annex C for guidance).

NOTE 3  Certain applications — for example, protecting the neck — can require a device with a higher
sensitivity, i.e. actuating forces lower than those shown in Table 2.

4.2.2 Actuating travel

For the test method, see 7Z.1.1 and 7.1.6.

The actuating travel shall be not more than that stated by the manufacturer of the pressure-4ensitive
Hrotective device. For devices manufactured for a specific application, the actuatingtravel [shall be
dppropriate for the application (see Annex B for advice on the force-travel relationship of spécific glevices).

4.2.3 Overtravel
Hor the test method, see 7.1.1 and 7.1.7.

The overtravel shall be notless than that stated by the manufacturer of the\pressure-sensitive prjotective
device. For devices manufactured for a specific application, the overtravel shall be appropriatg for the
pplication (see Annex B for advice on the force-travel relationship.of'specific devices).

4.2.4 Approach speed
or the test methods, see 7.1.1, 7.1.5, 7.1.6 and 7.1.7.

[he sensor shall be able to cause an OFF state in the-gutput signal switching device when actuaged with
the foreseeable approach speed(s) as stated by the manufacturer of the pressure-sensitive prjotective
device. For devices manufactured for a specificiapplication, the approach speed shall be appropriate for
the application.

4.2.5 Number of operations
or the test method, see 7.1.1 and 7:1.8.

[he pressure-sensitive protective device shall continue in normal operation and the sensor shall have no
isible signs of damage aftet the number of operations stated by the manufacturer of the device. For devices
anufactured for a specifie' application, the number of operations shall be appropriate for that application.

4.2.6 Responseofoutput signal switching device to actuating force

4.2.6.1 Systems where sensor output remains in changed state as long as actuating force is ppplied

or thetest method, see 7.1.1 and 7.1.9.

hen'the actuating force has been applied to the sensing surface of the sensor, the sensor output shall
ang e g g itching fce ang amr ON-state ate. The
change in state of the sensor output is a direct function of the applied force and this new state of the
sensor output shall remain for as long as the actuating force is applied.

2 C c dU S C UULpDU S d vV 2 UCV U 2 C U U IN U d U

The output signal switching device shall only revert to the ON state when

— for systems with reset, the actuating force is removed and a reset signal is applied (see Figures A.1
and A.2), or

— for systems without reset, the actuating force is removed (see Figure A.3).

© ISO 2013 - All rights reserved 9
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4.2.6.2

Systems where sensor output does not remain in changed state while actuating force

is maintained

For the test method, see 7.1.1 and 7.1.9.

The sensor shall give a signal when the actuating force has been applied to its sensing surface, causing
the output signal switching device to change from an ON to an OFF state. The output signal switching
device shall only revert to the ON state when a reset signal is applied or when additional protective
measures are taken to ensure that there is no hazard, e.g. automatic reversal of hazardous movement.
Such additional protective measures shall be stated in information for use, see 6.3.1 a).

For som

Some de
the requ

4.2.6.3

For the {

The res
ISO 138

To reset
shall be

— dird

— via

When m|

4.2.7

4.2.7.1

For the {

The pre
conditixs stated by the manufacturer in accordance with the requirements given in 4.2.7. Under thes

conditi
— the

— the

4.2.7.2

For the

e devices, additional protective measures are required. See Figure A.4, C.3.6 and C.3.7.

=3

vices, e.g. air-pulse sensors, which are not regarded as well-tried components, shall comply wit
irements of category 2 according to ISO 13849-1:2006.

Reset function
est method, see 7.1.1 and 7.1.10.

bt function of a pressure-sensitive protective device shall fulfil the general requirements qf
19-1:2006, 6.2.2, and the functional requirements of Annex A of thiSpart of ISO 13856.

—

a start interlock or a restart interlock of a pressure-sensitive protective device, the reset sign3
applied either

ctly to the control unit of the pressure-sensitive protective device, or
he machine control system.

hnual reset is provided, it shall function according to Figures A.1 and A.2 and ISO 13849-1:2006, 5.2.
Environmental conditions

Requirements for normal operation

est method, see 7.1.1 and 7.14.1.

—

ssure-sensitive protective“device shall continue in normal operation in the environment3

[¢2)

s, normal operationyis achieved when

j =

butput signal svitching device remains in the ON state as long as no actuating force is applied, an

DN state ehdanges to an OFF state when the actuating force is applied.

Temperature

acE ranthod oo
CoL IIICitIiIvYy, ovte

The system shall continue in normal operation over a minimum temperature range of 5 °C to 40 °C. If the
manufacturer states that the pressure-sensitive protective device is suitable for a wider temperature
range, then it shall continue in normal operation over the stated temperature range.

4.2.7.3

Humidity

For the test method, see 7.1.1 and 7.1.11.4.

All equipment shall meet the requirements for humidity specified by the manufacturer.

10
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For electrical equipment only, the system shall continue in normal operation and the integrity of the
electrical insulation shall be maintained following storage at a relative humidity of 93 % and at a
temperature of 40 °C, for four days.

4.2.7.4 Electromagnetic compatibility

For the test method, see 7Z.1.1 and 7.1.11.5.

Where the pressure-sensitive protective device can be affected by electromagnetic emissions, it
all continue in normal operation under the conditions given in IEC 61000-6-2 and in Table 5. The
hanufacturer may design to, and subsequently state, a higher level(s) for which the pressure-gensitive
rotective device is required to continue in normal operation. A higher level of protection |shall be
rovided when this is required to maintain safe operation of the pressure-sensitive protective dlevice in
specific application.

[Slellielilie]

N

.2.7.5 Vibration

Hor the test method, see 7.1.1 and 7.1.11.6.

—_

he pressure-sensitive protective device shall continue to operate without being actuated upder the
bllowing vibration conditions in accordance with IEC 60068-2-6:

-

- frequency range: 10 Hz to 55 Hz;

- displacement: 0,15 mm;

- 10 cycles per axis;
1+ sweep rate: 1 octave per minute.

After this vibration test, the pressure-sensitige‘protective device shall continue in normal operjation.
4.2.8 Power supply variation

4.2.8.1 General

Hor the test method, see 7Z.1.t-and 7.1.12.

—_

he pressure-sensitive protective device shall continue in normal operation as defined in 4.2.7.1 when
ubjected to the poweér supply variations according to 4.2.8.2 and 4.2.8.3.

%)

4.2.8.2 Electrical power supply variations

Hor the test miethod, see 7.1.1 and 7.1.12.2.

—_

he pressure-sensitive protective device shall meet the electrical power supply variation requirements
f JEE.60204-1:2005, 4.3.

o

4.2.8.3 Non-electrical power supply variations

For the test method, see 7Z.1.1 and 7.1.12.3.

The pressure-sensitive protective device shall continue in normal operation as defined in 4.2.7.1 when
subjected to non-electrical power supply variations as stated by the manufacturer and in accordance
with the relevant requirements of ISO 4413, for hydraulic systems, and ISO 4414, for pneumatic systems.

Where overpressure protective devices for this power supply are not incorporated, overpressure
variations outside the stated range shall not result in a failure to danger.

Power supply variations outside the stated range shall not result in a failure to danger.
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4.2.9 Electrical equipment

4.2.9.1 General

For the test method, see 7.1.1 and 7.1.13.1.

The electrical equipment (components) of pressure-sensitive protective devices shall

— conform to International Standards where these exist,

— be suitable for the intended use, and

— be dperated within their specified ratings.

4.2.9.2 | Protection against electric shock

Protectipn against electric shock shall be provided in accordance with IEC 60204-1:2005, 6.1, 6.2 and 6.3.

4.2.9.3 | Protection against over-current

Protectipn against over-current shall be provided in accordance with IE€E:60204-1:2005, 7.2.1, 7.2.3,
7.2.7,7.4.8 and 7.2.9.

4.2.9.4 | Electromechanical devices

Electrorhechanical controlunitsand outputsignal switching devicesshallmeettherelevantrequirement
of IEC 6(947-5-1.

2]

4.2.9.5 | Pollution degree

The elecfrical equipment shall be suitable for pollution degree 2 in accordance with IEC 61439-1:2009, 7.1.3.

4.2.9.6 | Clearance, creepage distances

The ele¢trical equipment shall be designed and constructed in accordance with IEC 61439-1:2009,
8.3 and [10.4.

4.2.9.7 | Wiring

The eledtrical equipment shall be wired in accordance with IEC 61439-1:2009, 11.10.

4.2.10 Hydraulic equipment
For the fest method, see 7.1.1 and 7.1.13.2.

Hydraullic gquipment shall meet the relevant requirements of ISO 4413 and ISO 13849-2.

4.2.11 Pneumatic equipment

For the test method, see 7.1.1 and 7.1.13.3.

Pneumatic equipment shall meet the relevant requirements of ISO 4414 and ISO 13849-2.

4.2.12 Mechanical equipment
For the test method, see 7.1.1 and 7.1.13.4.

Mechanical equipment shall meet the relevant requirements for pressure-sensitive protective devices of
[SO 12100:2010, 6.3.3 and 1SO 13849-2.
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4.2.13 Enclosure

For the test method, see 7.1.1 and 7.1.14.

4.2.13.1 Sensor

The sensor shall be suitable for its particular environment, e.g. wet or dusty conditions. The sensor

shall be specified in accordance with the degree of protection according to IEC 60529. Those

parts of

the sensor containing electrical components shall have an enclosure which meets the requirements of

1 CAdasaminimum Ifthe manufacturer cpnr'if:inc thatthe sensor m:\y beimmersedin ur-:fnrl th

sensor

gnclosure shall meet the requirements of IP 67 as a minimum.

4.2.13.2 Control unit and output signal switching device

The control unit and any external output signal switching device enclosure shall meet the requi
df IP 54 as a minimum. Where the control unit and output signal switching.device are desi
rounting in another control equipment enclosure, this enclosure shall meét the requiremen
standard of protection relevant to that application. In these circumstances,the control unit an
signal switching device shall meet the requirements of [P 2X as a minimuur.

4.2.14 Access

Hor the test method, see 7.1.1 and 7.1.15.

o <

nly be possible by means of a key or tool.

N

nce with ISO 13849-1

<5

4
requirements of the performance level (PL) and category for which they are specified and mar
fderformance levels and categories are’specified in ISO 13849-1.
H

or the test method, see 7.1.1 and 7.1.16.

4.2.15.2 Pressure-sensitive protective devices according to this part of ISO 13856 shall meet at
requirements of perforimance level caccording to ISO 13849-1 and the requirements of this part of IS

Nechanical damages of the sensor surface that do not affect the safety function (e.g. scratches b
dre not treated'as failures.

“+ctype of sensor;

frements
bned for
s of the
1 output

Vhere access is required to the interior of any part of the{pressure-sensitive protective devicg, it shall

.2.15 Performance levels and categories for safety-related parts of control systems in adcord-

.2.15.1 Pressure-sensitive protective,devices according to this part of ISO 13856 shall meet the

ked. The

least the
D 13856.

y swarf)

4.2.15.3 B1o4 values for the sensor shall be determined by means of testing. The test resylts shall
He documented by means of test protocols. These should comprise at least the following informjation:

— measurement points;

— temperature (of the environment);

— operating voltage and operating current;
— switching frequency;

— testlocation;

— testloading;

— actuating speed;

© IS0 2013 - All rights reserved
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— number of operations;

— Bqpq values;

— types of failure;

— test person, test laboratory, date and signature.

NOTE The determination of the B1oq values is undertaken by the manufacturer.

4.2.15. a pressure-sensitive protective device complies wi
from th¢ designated architecture according to ISO 13849-1:2006, 6.2.

[

lusions shall be listed and explained in the instructions for use. Fault exclusions which ar
able due to a reasonably foreseeable misuse of the pressure-sensitive proteetive devic
be made.

Fault e
not tol
shall no

()

If fault ¢xclusion is used for the determination of the PL, the diagnostic coverage does not need to b
calculat¢d and will not be included when determining the performance level. Under;these conditions a hig
expectation of the mean time to dangerous failure (MTTFq) shall be present to reach performance level d.

- (D

4.2.16 Adjustments
For the fest method, see 7.1.1 and 7Z.1.17.

Pressurg-sensitive protective devices shall have no means of ‘manual adjustment. If it is necessar
to makd adjustments during commissioning or during maintenance, the manufacturer shall suppl
instructfions to enable the adjustments to be made so that the requirements of this part of ISO 1385
can be met. There shall be arrangements for checking thatsuch adjustments have been made correctly
The adjystable elements shall only be accessible by means of a key, security code or tool.

-~ O X

4.2.17 $ensor fixing and mechanical strength
For the test method, see 7.1.1 and 7.1.18.

Means ghall be provided for all parts of'the sensor to be fixed securely in the specified mounting
orientatjon. The fixed sensor shall have sufficient mechanical strength to withstand the maximur
forces i1} the specified directions as)stated by the manufacturer.

=)

4.2.18 Connections

For the fest method, see\Z4.1 and 7.1.19.

[

Where ¢omponents-of different configurations within the pressure-sensitive protective device ar
interchgngeableby ‘'means of plug and socket connections, incorrect placement or exchange of thes
compongpnts shall not cause a failure to danger.

()

j =

If a senqor7js connected by a plug and socket, removal or disconnection of the sensor at the plug an
socket from the control unit shall cause the output signal switching device to go to an OFF state.

4.2.19 Inhibition and blocking
For the test method, see 7.1.1 and 7.1.20.

The sensors of pressure-sensitive protective devices shall be constructed so that their operation cannot
be intentionally inhibited or blocked by simple means.

4.2.20 Sharp corners, sharp edges, rough surfaces and trapping

For the test methods, see 7.1.1 and 7.1.21.
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Exposed parts of pressure-sensitive protective devices shall have no sharp corners, sharp edges,
rough surfaces, etc. which could cause injury to persons coming into contact with the device(s)
(see1SO 12100:2010, 6.2.2.1).

4.2.21 Shock
For the test method, see 7.1.1 and 7.1.22.

The pressure-sensitive protective device shall continue to operate without being actuated under the
ock conditions anfir‘ipafpr‘] forthe npp]ir‘qfinn

=z

OTE The effect of shocks will vary considerably depending upon their size and direction and.onthe design
fthe sensor of the pressure-sensitive protective device. Further precise requirements are specifiedfor pressure-
ensitive plates only (see 4.4.1).

[2ie]

4.3 Specific requirements for pressure-sensitive bumpers

4.3.1 Force-travel relationship(s)

Hor the test method, see 7Z.1.1 and 7.2.1.

_

he force-travel relationship shall, as a minimum, be as stated by the manufacturer. The manuffacturer
hall provide the force-travel relationship data using Figure 2 as an'example and shall state the cojnditions
ynder which the data were determined.

(%)

4.3.2 Additional coverings for sensors
Hor the test method, see 7.1.1 and 7.2.2.

If additional coverings are used, the requireinents of this part of ISO 13856 shall be fulfillel by the
dovered sensor.

4.3.3 Recovery after deformation

Hor the test method, see 7.1.1 and“%£2.3.

sy

fter the effective sensingssurface of the sensor has been deformed or moved by the working tfavel for
4 h, the effective sensing surface shall recover in accordance with Table 1.

DD

Table 1 — Recovery after deformation

Recovery time Change in height
percentage of working travel at 10 mm - s=1 at 250 N
30s <20
5 min <10
30 min <5

If the manufacturer states that the pressure-sensitive bumper is suitable for continuous deformation for
longer than 24 h, then the sensor shall recover according to Table 1 after deformation for the stated time.
Alternatively, the sensor shall have sufficient overtravel to compensate for the extent of deformation for
the stated time.

After the effective sensing surface of the sensor has been deformed or moved by the working travel for
24 h, the pressure-sensitive bumper shall have normal function within 30 s.

4.3.4 Detection on bumpers with semi-rigid or rigid surfaces

For the test method, see 7.1.1 and 7.2.4.
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On bumpers with an open structure, e.g. as shown in Figures C.3 and C.4, it shall not be possible to stand
undetected inside the structure of the bumper.

4.4 Specific requirements for pressure-sensitive plates

4.4.1 Shock

For the test method, see 7.1.1 and 7.3.1.

The pref3sure 2 2 ONTINUE TO Operate, WIthout Deing actuated, under the oHowlIT
conditions. The requirements shall apply to the sensor of plates in the reference direction and oppesit
directioh only and shall be in accordance with IEC 60068-2-27:

D

— peak acceleration: 100 m - s=2;

— duration of the pulse: 16 ms;

— form of the pulse: half sine;

— nunpber of pulses per direction: 1 000;
— freduency: approximately 1 Hz.

After the shock test, the pressure-sensitive plate shall continue in netmal operation.

—+

If the mpnufacturer states that the pressure-sensitive plate is stitable for a wider shock range, then
shall mdet this requirement over the stated shock range.

4.4.2 DPeformation, inhibition and blocking
For the fest method, see 7.1.1 and 7.1.20.

Deformation of the plate, prevention of the movement of the plate (wedging, blocking) and oths
foreseedble faults shall not lead to the loss of.the safety function.

—

4.5 Specific requirements for pressure-sensitive wires (trip wires)

4.5.1 Electrical switches
For the fest method, see 7.1}

Electricfl switches used\with pressure-sensitive wires shall meet the requirements of IEC 60947-5-5. Ih
addition, the requirements given in 4.5.2 to 4.5.5 shall be met.

4.5.2 Breakingor disengagement of wire

For the fest method, see 7.1.1 and 7.4.1.

The pressure-sensitive wire shall be designed such that, in the event of slackening, breaking or
disengagement of the wire, an OFF state is generated (see Figure C.6).

4.5.3 Actuating force
For the test method, see 7.1.1 and 7.4.2.

The force necessary to apply to the pressure-sensitive wire to generate an OFF state in the control unit
shall be less than 100 N when applied in the effective sensing direction(s) at 90° to, and at any point
along, the effective sensing surface of the wire, using test piece 5 (see 7.1.5.1, Table 2). The effective
sensing surface of the wire shall be stated by the manufacturer, taking into account the way in which
the wire can be used.
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4.5.4 Tensile strength of the sensor
For the test method, see 7.1.1 and 7.4.3.

The sensor (including any connections) shall resist a tension force of 1 000 N without failure.

4.5.5 Actuating deflection of the wire

For the test method, see 7.1.1 and 7.4.4.

013(E)

he displacement of the pressure-sensitive wire needed to generate an OFF state shall be,|
150 mm in all the stated actuating directions (see Figure C.6). For special applications, a displ

3 Marking

Lo

.1 General

Rressure-sensitive protective devices which are placed on the market separately shall be m
pecified in ISO 12100:2010, 6.4.4, and, as a minimum for electrical.equipment, with the rated
nd current. See also IEC 60204-1:2005, Clause 16.

[

L

.2 Labels

s

1l 1abels shall be securely fixed and all markings shall:be durable and legible for the expected
f the corresponding part of the pressure-sensitive protective device to which they are attache

o

3.3 Marking of the control unit

dan be found:

+ the performance level, category~and B1gq value according to ISO 13849-1 for the system as
+ the response time for thewsystem as a whole;

-+ whether designed with-or without reset;

-+ the part number

3.4 Marking of the sensor

The sensorlabel shall also contain the part number or indicate where this information can be f|

6 ~Information for selection and use

df more than 150 mm can be acceptable when indicated by the risk assessment to be aceeptablé.

bss than
hcement

h

irked as
voltage

lifetime
d.

The control unit label(s) shall also contain the following information or indicate where this infgqrmation

h whole;

bund.

6.1 General

Information and guidance regarding application, commissioning and regular inspection for inclusion in

the information for use is given in Annexes D and E.

The information to be supplied to the user, and the manner in which it is presented, shall

comply

with I1SO 12100:2010, 6.4. It shall be clearly identified with the product, i. e. the pressure-sensitive

protective device.

© IS0 2013 - All rights reserved
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6.2 Essential data for selection of suitable pressure-sensitive protective device

The manufacturer shall make available the relevant information from the following, in order to assist in
the selection of a suitable pressure-sensitive protective device:

a)

suitability of the pressure-sensitive protective device for tripping function only or also for combined
tripping function and presence sensing function;

limits as to the configuration, number and length of sensors connected to one control unit;

limi
mot
me3

fora

dimensions which specify the effective sensing surface;

may
wei
sen

fora
diag

spe

stat]

chemical resistance table for the sensor;

ope
pow
con
sen
catd
sele]
crit
defq

out

nting orientation(s) at which the sensor can be used;

ns of fixing the sensor and control unit;

e(s) which the installed sensor is able to withstand and the direction(s) in which they are applied;

imum dimensions of the sensor;
bht of the sensor per metre length and weight of the control unit;
or additional covering details (where applicable);

e-travel relationship(s), showing the actuating travel and evertravel in the form of a table gr
ram according to Figure 2;

rified force after overtravel;

ed number of operations;

Fating temperature range;

er supply requirements;

rol unit enclosure specification(s) according to IEC 60529;

or enclosure specification(s) according to IEC 60529;

gory (or categories)and performance level(s) according to ISO 13849-1;
ction procedure/according to Annex D;

cal lengths'of connections between individual components;

rmation behaviour over time;

but-Signal switching device switching capability according to IEC 60947-5-1;

application guidance;

output signal switching device contact configuration(s);

suitability for detecting fingers;

aa) minimum operating speed, if applicable (e.g. for pneumatic systems);

bb) indication of fault exclusions (see ISO 13849-1:2006, Clause 11);

18
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cc) explanation on how the performance level was calculated with reference to the variable parameters’
mean operation time (in hours per day and days per year) and mean time between the beginning of
two successive cycles of the component considered (cycle time);

dd) statement that the user shall determine the performance level for his application by himself.

6.3 Information for use

6.3.1

Information for application and commissioning

1)
2)
3)
4)

5)

6)

7)

8)

9)

Hor verification, see 7.1.4.
The manufacturer shall make available the relevant information from the following:

d) Information relating to the pressure-sensitive protective device:

10) guidance regarding chemical, physical and environmental resistance (e.g. resistance to

11) guidance€regarding use of the device in alternative mounting orientations;

12) indication of whether the device is designed with or without external reset fun

detailed description of the device;
the limits as to the configuration, number and length of sensors ¢oénnected to one cont
the limits as to the length and specifications of connections between sensor(s) and contrag

the procedure for determining the overtravel for the pressure-sensitive protective
which shall be included with examples (see Annex B);

range of applications and conditions for which the device(s) is intended or approved, i
the category, performance level and B1pq values.according to ISO 13849-1;

circuit diagrams providing schematic representation of the safety functions and exa
machine control interface;

ol unit;
1 unit(s);

device,

hcluding

mples of

additional protective measures, according to 4.2.6.2, necessary to achieve the required level of

safety for specific applications;

the rating, characteristics.and location of all input/output terminals (e.g. maximum 1
fuses or setting of an over-current protective device);

type and frequency-of automatic check system, where applicable;

allowable weight loading, operating temperature range, allowable power supply variat

accordance with either Figures A.1, A.2, A.3 or A.4;

rating of

olvents,
ion);

ction in

H) hifermation relating to packaging, transportation, handling and storage of the piessure-
sensitive protective device, including

1)
2)
3)
4)

dimensions,
mass,
description of packaging and methods of unpacking to prevent damage to the device,

transportation and handling methods to prevent damage or personal injury, and

© IS0 2013 - All rights reserved
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5)

storage requirements (lay flat, straight or in coils, temperature range etc.).

c¢) Information relating to installation and commissioning of the pressure-sensitive protective
device, including

1y

2)

a warning that the information for use should be read in full before any installation work is
attempted,

a warning that a reset function can be required,

3)

4)

5)

6)

7)

8)

9)

6.3.2
device

For veri

The manufacturer shall make available relevant information from the following. The machine supplie

or manu

a) Infq
iy
2)
3)
4)
5)

s . I 41 £ Joialadl +111 FRPA |
TTYUUITTIITIILS TTEAIUIITE LIIT SUl IdlLT UID WITICIT UIIT STIISUT WIIT UT TTTUUIILTCU,

methods of installation, including required tooling,

—_

design features of the effective sensing surfaces which can influence the safety function an
how the effects of dead surfaces can be minimized by installation (including drawing, wher
appropriate),

D

schedule of tests to be carried out after installation to establish that the devicé(s) are functioninfg
and have been installed and interfaced with the machine control correctly,

warning that the overall safety of the machine and its safeguard_depends on the qualit]
reliability and correct installation of the interface between them,

-

indication that the category(ies) and performance level(s),required for the device have t
comply with the category(ies) and performance level(s) established by the risk assessment, anfl

(=)

record sheet which shall be completed by the installer,showing which control unit and sensor(g)
are installed.

nformation relating to operation and maintenance of the pressure-sensitive protective

fication see 7.1.4.

=

facturer shall make this relevantinformation available to the machine user.

rmation relating to the use of the pressure-sensitive protective device, including
purpose and method-ef operation of the control unit and indicators,

information regarding use limits,

instructionsfor'fault identification and for restarting after an intervention,
indication)of fault exclusions,

explanation to the calculated performance level with reference to the variable parameters,
mean operation time, mean use time and cycle time, and

6)

a statement that the user shall determine the performance level for his application by himself.

b) Information for maintenance, including the following:

1)
2)
3)
4)

20

awarningthatthe maintenanceinstructions should be read before any maintenanceis attempted;
nature and frequency of testing, inspection and maintenance;
instruction for allowable setting, adjustment and cleaning;

actions which require a definite technical knowledge and/or particular skills and hence should
be carried out exclusively by skilled persons suitably trained;
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5) information (e.g. drawings and circuit diagrams) enabling trained personnel to carry out fault-
finding tasks;

6) detailsoftestsrequired after replacement of parts to establish that the device functions correctly;

7) warningthatall parts (e.g.covers, clips,edgingstrips or fastenings) removed during maintenance
should be replaced after the maintenance and that if such parts are not correctly refitted the
performance of the device could be impaired;

8) list of user-replaceable parts;

9) warning that only those parts approved by the manufacturer may be replaced by theyiser and
that if non-approved spares are used or non-approved modifications are made thé perfoprmance
of the device could be impaired;

10) name and address of manufacturer and/or competent service organization;
11) indication of the maximum test interval (e.g. a test at least every three'months).
d Training

Recommendations for the minimum training requirements of personnel installing the equipment to
ensure that the pressure-sensitive protective device is installedto-Ccomply with this part of ISP 13856.

d) Periodic functional tests

The instructions for use shall contain information on how to perform the functional test at the
sensor (e.g. manual deformation of the sensor surface-while observing the change of signal){ For this
purpose, the following is required:

1) astatement that the sensor shall be tested in regular time intervals with a test piece of 80 mm
diameter at optional test locations;

2) anindicationthatthetestintervaldependsonthe use ofthe pressure-sensitive protectivye device
and that it is to be specified by the operator according to the national legislative requirements.

=z

OTE Further advice for productijon of the instruction handbook and drafting and editing the infprmation
for use is provided in ISO 12100;2010, 6.4.5.2 and 6.4.5.3.

s 4

1 Verification of requirements

7.1 Verification of requirements applicable to all pressure-sensitive protective dgvices
dovered by this part of ISO 13856

.1.1 General

All the'tests in this part of ISO 13856 shall be considered as type tests for each type of pressure-4ensitive
fdriotective device.

Verification that the requirements of this part of ISO 13856 have been met shall be made by inspection
and/or analysis. Tests shall be conducted where verification is not possible by inspection and analysis
and when testing is a more practicable option or is a requirement of this part of ISO 13856. In all cases,
the manufacturer shall provide information to show how the requirements have been met.

For many applications, pressure-sensitive protective devices are designed and manufactured as part
of a machine, and such tests as are necessary can be carried out on the devices when mounted on
the machine. In such cases, the test pieces, approach speeds, directions of approach and locations on
the sensor(s) shall simulate the approach of the body parts intended to be detected under the worst
conditions for safety.
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7.1.2 Conditions during verification

The tests shall be carried out on ready-to-use pressure-sensitive protective devices under the least
favourable conditions within the minimum requirements of this part of ISO 13856, with the requirements
specified by the manufacturer when these are more severe or in accordance with the manufacturer’s
specification when not specified by this part of ISO 13856. Unless otherwise specified, these tests shall
be carried out at 20 °C. The following tolerances apply:

— temperature: + 5 °C;

— test[speed: + 10 %.

[

If, for a particular test, it is evident that the performance of the pressure-sensitive protective 'devic
is not inffluenced by temperature over the stated temperature range, then tests may be carried’out 3
ambient{temperature only.

(i

Other rdlevant ambient conditions, e.g. atmospheric pressure and humidity, shall be recerded.
7.1.3 Testsamples

7.1.3.1 | Sensor
In orderfto perform the tests specified in this clause, one or more ready-toruse sensor(s) will be required.

If the pfessure-sensitive protective device is designed with an-effective sensing surface built up df
a combipnation of sensors, then the sensors for connection with one control unit shall be provided.
If relevdnt, the maximum stated number of combined sensors shall be used to verify the relevant
requirements.

If the sensor dimensions influence the characteristics f the sensor output, a sensor of the least effective
sensing dimension as specified by the manufacturerihall be used.

7.1.3.2 | Control units with output signal switching devices

One conftrol unit with one output signal'switching device corresponding to production units shall b
providedl and, if necessary, one control-unit with one output signal switching device specially prepare
for testing under fault conditions.

= (D

7.1.4 TestNo.1 — Safety-related data for selection, installation, commissioning, operation and
maintenance of suitable pressure-sensitive protective device

It shall Be verified thatthe manufacturer’s data sheet contains all safety-related data.

See 6.3.] and 6.3.2.

7.1.5 TestNoO. 2 — Actuating force and approach speed

7.1.5.1 General
For requirements, see 4.2.1 and 4.2.4.

The actuating force shall be applied by the relevant test pieces in the relevant test direction(s) and at
least at the maximum and minimum approach speeds. For each application of the test piece, it shall be
verified that the output signal switching device changes to the OFF state at an actuating force less than
or equal to the relevant value given in Table 2.

When determining the maximum approach speed, the combined maximum speed of the sensor as stated
by the manufacturer or determined for the specific application and the foreseen approach speed of a
person or part of a person, shall be used (see ISO 13855).
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Table 2 — Test pieces, actuating forces and test directions

Dimensions in millimetres

Test piece 1 $80
Actuating force: 150 N |

30

Test piece to simulate body part: Head
or hand

Test piece 2 400

Actuating force: 400 N

okS

Body part: Shoulder

Test piece 3 80

Actuating force: 50 N

|
|
|
|
|
!
|
i
$20

Body part: Finger (knuckle)

Test piece 4 80

Actuating force: 50 N I‘A’

Body part: Finger (tip)

For dimensions see IEC 61032:1997, 1
probe 11. —

Test piece 5 400

212
—
|
|
|
|
i
f

Actuating force: 250 N

|
[
|
|
|
|
|
|
|
|
|
g
670

Body part: Arm or leg

Test piece 6 600

Actuating force: 400 N
Body part: Whole body.

|
|
|
|
|
|
|
|
|
|
|
|
|
$200

S i1

test direction

7.1.5.2 Testlocations on the sensor

The tests shall be carried out at least at five different test locations on the effective sensing surface
of the sensor where it is expected that the highest actuating force(s) are required to produce an OFF
state in the output signal switching device. These locations may be determined by position, geometry,
technology and experience. Where the pressure-sensitive protective device is made up of a combination
of sensors, the junction between sensors shall be taken into account.
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7.1.5.3 Sensor mounting orientation for tests
The tests shall be carried out
a) with the sensor in the least favourable of the stated mounting orientations, and

b) after the sensor has stabilized to the test temperature used.

7.1.5.4 Test pieces to be used

The testfs shall be carried out with the test piece(s) relevant to the body part(s) to be detected
a) as sfated by the manufacturer of the pressure-sensitive protective device, or
b) asifpdicated by the risk assessment for a specific application.

If it is eyident that one or more of the relevant test pieces gives the least favourable result, then testfs
need to pe carried out using these test pieces only.

Test pieges are illustrated in Figures 3 and 4 and in Table 2.

7.1.6 Test No.3 — Actuating travel
For the fequirements, see 4.2.2 and 4.2.4.

The tesf shall be carried out with test piece 1 or with the test piece(s) for the body part(s) relevant t
the appljcation (see Table 2). The test piece shall be applied to the sensor at the minimum and maximur
approach speeds (see 7.1.5.1) at a location on the sensor where contact is normally expected for th|
applicatjon. The actuating travel shall be within the limitsfor distance as stated by the manufacture
For predsure-sensitive protective devices manufactured-for a specific application, the actuating travg
shall be pppropriate for the application.

—_— . (D = O

7.1.7 Test No.4 — Overtravel
For the fequirements, see 4.2.3 and 4.2.4.

The test{shall be carried out with testpiece 1 or with the test piece(s) for the body part(s) relevant to thie
applicatjon (see Table 2). The test piece shall be applied to the sensor at an approach speed <10 mm - s
at a location on the sensor where contact is normally expected for the application. The overtravel shall
be within the limits for distance and specified force as stated by the manufacturer of the pressurg-
sensitive protective deviceCFot devices manufactured for a specific application, the overtravel shall be
approprjiate for the application.

7.1.8 Test No.5 s==Number of operations
For the fequiréiments, see 4.2.5.

Testing $hall be carried out by applying test piece 1 at the approach speed appropriate for the applicatiop
and for the speciffed Tumber of operations. After The tests iave been compieted, the tested sensor siall
show no visible signs of damage and the requirements for actuating force, pre-travel and overtravel
shall still be met.

The number of actuations required shall be as stated by the manufacturer or as appropriate for the
application, whichever is the greater. Test piece 1 (or the test piece(s) relevant to the body part(s) to
be detected) shall be applied at the location(s) on the effective sensing surface of the sensor where the
most frequent applications of the actuating force are expected. Each actuation of the pressure-sensitive
protective device shall cause an OFF state in the output signal switching device. The test parameters
(including speed) shall be those that nearest simulate the lifetime application conditions.
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Dimensions in millimetres/Tolerances on radii: + 0,2

; .

o
m
i Ra 3,2 / $80 0,2 &
a) Test piece 1
a
¢ ;
o |
K |
ﬂ . .
| |
: :
S Ra 3,2 & 45 +0,2 &
400 £0,5
b) Test piece 2
a
a7 T
RZCZ8 !
N
< i Ra 32/ % $20 0,2
80 0,5

al  Mounting proposal only,

c) Test piece 3

Figure 3 — Test pieces 1 to 3
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Dimensions in millimetres/Tolerances on radii: + 0,2
A B
_>_>| 37° A'A B'B

-4 — a
== A& @ '
] &

12
|
T
|
|
%
|
|

'_%'_' ' _%jC |
|

5 \

© RS

i Ra 32/ R $70 +05

Ra 3,2 ®200 +0,5

600 £2

c) Test piece 6

a  Mounting proposal only.

Figure 4 — Test pieces 4 to 6

7.1.9 Test No. 6 — Output state of sensor and output signal switching device

For the requirements, see 4.2.6.1 and 4.2.6.2.

An actuating force shall be applied at a random location on the effective sensing surface in the reference
direction through test piece 1 for a period of 10 min. While this force is applied, the value of the sensor
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output signal and the output signal switching device shall go to, and be maintained in, an OFF state, in
accordance with Figures A.1, A.2, A.3 and A.4. When the force is removed, the value of the sensor output
signal and the state of the output signal switching device shall change in accordance with Figures A.1,
A.2,A.3and A4.

For systems according to 4.2.6.1, the change in the state of the sensor shall be checked in accordance
with Figures A.1, A.2 and A.3.

For systems according to 4.2.6.2, the additional protective measures shall be tested and/or evaluated.

R

<

/

=

/

v o

/

H

Or devICes such as alr-pulse sensors which are not regarded as well-tried components, the cof
Vith the requirements of category 2 according to ISO 13849-1:2006 shall be verified.

f power supply
or the requirements, see 4.2.6.3.

he interaction of separate functions as given in Annex A shall be tested-using test piece 1
ctuating force applied in the reference direction to the effective sensing surface at one random

.1.11 Test No. 8 — Environmental conditions

.1.11.1 General
or the requirements, see 4.2.7.

he requirements concerning the environmental cénditions shall be verified by analysis. Whel
ot possible, the tests according to 7.1.11.2 to 7.1:11.6 shall be performed.

.1.11.2 Functional test

t the conclusion of each of the tests\given in 7.1.11.3 to 7.1.11.6, the normal function of the p
ensitive protective device shall beverified using test piece 1. The test piece shall be applied as

- perpendicularly to the effective sensing surface;

—  with the corresponding.actuating force given in Table 2;
— at the maximum.6perating speed;

— at one randonrlocation.

his requirentent is fulfilled if an OFF state of the output signal switching device is produced.

.1.11.3. Test No. 8.1 — Operating temperature range

hpliance

.1.10 Test No. 7 — Response of output signal switching device to actuating forcé,/reset and state

and the
ocation.

e thisis

Fessure-
follows:

orthe requirements, see 4.2.7.2.

The requirements of the specified operating temperature range shall be verified by the test procedure
given in Table 3.

Table 3 — Operating temperature range

Test procedure Test conditions
IEC 60068-2-14 Pressure-sensitive protective device is connected to the
Test Nb power supply.
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The rate

of change of temperature shall be (0,8 + 0,3) K - min-1 over the whole temperature range for

heating and cooling.

At 1 min intervals during this test procedure, the function of the pressure-sensitive protective device

shall be

verified using test piece 1 with the corresponding actuating force, given in Table 2. The test

piece shall be applied perpendicularly to the effective sensing surface at (10 £ 1) mm - s-1 in one random
location. The application of the test piece shall produce an OFF state of the output signal switching device.

7.1.11.4 Test No. 8.2 — Humidity

For the |

The req

7.1.11.5
For the |

The safd
for the fi
in Table

— pres
— pres

— pre;j
pria

equirements, see 4.2.7.3.

lirements for humidity shall be verified by the test procedure given in Table 4.

Table 4 — Humidity

Test procedure Test conditions

IEC 60068-2-78, test Pressure-sensitive protective device is not conneeted
Cab to the power supply. After this test, a high voltage test
according to IEC 60664-1:2007, Tables F.1 and §.5, shall be

'{f?f%féure performed between circuits and exposed.¢enductive parts
- or accessible surfaces of the control unit/output signal

Relative humidity switching device.

(93 £3)%

Test No. 8.3 — Electromagnetic compatibility

equirements, see 4.2.7.4.

>

ty-related requirements shall be verified using IEC 61000-6-2 only. Immunity shall be verifie
bllowing states according to the test procedures, with the indicated characteristic values give
5 and with the stated conditions givendin7.1.11.2:

=]

sure-sensitive protective device with supply energy;

sure-sensitive protective deyice with supply energy plus applied actuating force;

j ="

sure-sensitive protectiye.device with supply energy, after removal of the actuating force an
r to the execution of thewreset.

Table 5 — Electromagnetic compatibility

Tests'and characteristic values Test procedure
Surge)installation class 3 [EC 61000-4-5
power, earth and input/output lines

Electrical fast transients (burst), level 3 |IEC 61000-4-4

28

duration of test: 2 min
power, earth, and input/output lines
Electrostatic discharge, level 3 IEC 61000-4-2

Radiated, radio-frequency electromag- |IEC 61000-4-3
netic fields, level 3

Conducted disturbances, induced by IEC 61000-4-6
radio frequency fields, level 3
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7.1.11.6 Test No. 8.4 — Vibration

For the requirements, see 4.2.7.5.

013(E)

These requirements shall be verified in accordance with Table 6. During this test it shall be verified that
the output signal switching device remains in the ON state. After the vibration test has been completed,
the normal functioning of the pressure-sensitive protective device shall be verified.

Table 6 — Vibration

/

/

aQ =

v wl

o0 o =

Test procedure Test conditions

[EC 60068-2-6 Pressure-sensitive protective device is connected to the
power supply.

The sensor may be tested by inspection and/or analysis.

The control unit and the output signal switching.device
shall be tested in three axes perpendicular to €ach other.

.1.12 Test No. 9 — Power supply variation

.1.12.1 General
or the requirements, see 4.2.8.

he pressure-sensitive protective device shall be subjected to the analysis, inspection and
ivenin 7.1.12.2 and 7.1.12.3.

.1.12.2 Test No. 9.1 — Electrical power supplywvariation
or the requirements, see 4.2.8.2.

he normal function of the pressure-sensitive protective device shall be verified accordin
equirements given in IEC 60204-1:2005, 4.3. The function shall be checked using test piece 1 aj
he effective sensing surface witlr the corresponding actuating force given in Table 2, in the r

FF state of the output signal switching device is produced.

.1.12.3 Test No. 9.2, — Non-electric power supply variations
or the requiremeiits; see 4.2.8.3.

he functionifig'of the pressure-sensitive protective device shall be verified at the limits of powg
ariations.stated by the manufacturer. Possible variations outside the stated range shall not c
ressure-sensitive protective device to fail to danger.

.L.13 Test No. 10 — Electrical, hydraulic, pneumatic and mechanical equipment

or tests

b to the
pplied to
bference

irection, at the maximum operating speed at one random location. Each requirement is fulfilled if an

r supply
huse the

7.1.13.1 Test No. 10.1 — Electrical equipment

For the requirements, see 4.2.9.

It shall be verified, by inspection, analysis and, if necessary, testing, that the requirements of 4.2.9.1 to
4.2.9.7 are met.

7.1.13.2 Test No. 10.2 — Hydraulic equipment

For the requirements, see 4.2.10.
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It shall be verified, by inspection, analysis and, if necessary, testing, that the requirements of 1ISO 4413
and ISO 13849-2 are met.

7.1.13.3 Test No. 10.3 — Pneumatic equipment
For the requirements, see 4.2.11.

It shall be verified, by inspection, analysis and, if necessary, testing that the requirements of ISO 4414
and ISO 13849-2 are met.

7.1.13.4 Test No. 10.4 — Mechanical equipment
For the fequirements, see 4.2.12.

It shall|be verified, by inspection, analysis and, if necessary, testing, that the requivements df
[SO 121(0:2010, 6.3.3 and ISO 13849-2 are met.

7.1.14 Test No.11 — Enclosure
For the fequirements, see 4.2.13.

It shall be verified, by inspection, analysis and, if necessary, testing, that the requirements of 4.2.13.L
and 4.2.]13.2 are met.

7.1.15 Test No. 12 — Access

The reqhiirement of 4.2.14 shall be verified by inspection.
7.1.16 Test No. 13 — Performance-Level (PL) according to ISO 13849-1

7.1.16.1 General
For the fequirements, see 4.2.15.

The fordseen safety functions, PLs and.categories shall be validated according to ISO 13849-2.

7.1.16.2 B1oq value for sensor

When pé¢rforming the test, the following frame conditions shall apply:
a) length of test sampleTat least 500 mm;

b) test|piece: No. .according to Figure 5;

c) test|speed=selectable based on the application;

d) working'travel: until sensor change;

e) measurement points: one from C1 to C5, or more freely selectable points from C1 to C5;

f)  minimum number of operations: 10 000 (per test location at freely selectable points).

7.1.17 Test No. 14 — Adjustments

The requirements of 4.2.16 shall be verified by inspection and, if necessary, testing.

7.1.18 Test No. 15 — Sensor fixing and mechanical strength

The requirements of 4.2.17 shall be verified by inspection and, if necessary, testing.
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7.1.19 Test No. 16 — Connections

The requirements of 4.2.18 shall be verified by inspection.

7.1.20 Test No. 17 — Inhibition and blocking

The requirements of 4.2.19 and 4.4.2 shall be verified by inspection and functional testing by simple
means (e.g. by inserting a wire, pin, adhesive tape, wedge or magnet).

Iy Lol
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21
The requirements of 4.2.20 shall be verified by inspection.

71.1.22 Test No. 19 — Shock

The requirements of 4.2.21 shall be verified, by inspection, analysis and, if“hecessary, teting, in
accordance with 7.3.1.

7.2 Verification of requirements for pressure-sensitive bumpers only

71.2.1 Test No. 20 — Force-travel relationship
The requirements of 4.3.1 shall be verified by inspection, analysis and, if necessary, testing.

Where testing is necessary, the force-travel relationship(s) shall be confirmed in accordance with
Higure 2 by applying test piece 1 (see Figure 3 and Table'2) to the sensor (see Figure 5) at the maximum
jpproach speed up to point A in Figure 2. If another test piece from Figure 3 or Figure 4|is more

ppropriate for a particular application, it shall belused instead. The reaction force of the sensorf and the
istance moved by the test piece shall be continuously measured from the point where the té¢st piece
buches the effective sensing surface until the actuating force is reached. Points B1, B2 and C|shall be
onfirmed in accordance with Figure 2 by-applying test piece 1 to the sensor ata speed <10 mm {s~1. The
brce-travel relationship can then be.shown by connecting points A, B1, B2 to C by straight ligpes. This
bst shall be carried out at a represéntative location, e.g. in the centre of the effective sensing|surface,
nd at a temperature of 20 °C.

QD c = O o O

71.2.2 Test No. 21 — Additional coverings for sensors

]

F additional coverings are specified by the manufacturer, then it shall be verified that the requifements
df 4.3.2 have been met.

71.2.3 Test No.22 — Recovery after deformation
The requirements of 4.3.3 shall be verified by inspection, analysis and, if necessary, testing.

Aftet the effective sensing surface of the sensor has been deformed or moved by the working trayel using
teStpiece 1 (see Figure 5) for 24 h, the effective sensing surface shall recover as shown in Table 1. The
working travelin this instance is taken from test no. 4 with a test speed of T0 mm - s~Tata force of 250 N.

After the effective sensing surface of the sensor has been deformed or moved by the working travel
using test piece 1 for 24 h, the pressure-sensitive bumper shall have normal functioning within 30 s.

7.2.4 TestNo. 23 — Detection on bumpers with semi-rigid or rigid surfaces
For the requirements, see 4.3.4.

It shall be verified by inspection that it is not possible to stand undetected inside the structure of the
bumper (see Figures C.3 and C.4). This requirement is fulfilled if there is no opening larger than a
diameter of 50 mm.
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Key
1 test direction

Figure 5 — Test location and test direction on surface of pressure-sensitive bumper

7.3 Vgrification of requirements for pressure-sensitivéplates only

7.3.1 TestNo. 24 — Shock
The requiirements of 4.4.1 shall be verified by inspection, analysis and, if necessary, testing.

It shall be verified that the output signal switching device remains in the ON state during the test i
accordapce with Table 7.

=]

Table 7 — Shock

Test procedure Test conditions

IEC 60068-2-27 Pressure-sensitive plate is connected to the supply.

The sensor shall be tested in the relevant reference direc-
tion and in the opposite direction only.

After the shock test has.been completed, the normal functioning of the pressure-sensitive plate shall b
verifiedjand the pressure-sensitive plate shall be checked for mechanical damage, loose parts, etc.

D

7.3.2 Recovery after deformation

The reqhiifements of 7.2.3 apply.

7.4 Verification of requirements for pressure-sensitive wires only

7.4.1 TestNo. 25 — Breaking or disengagement of the wire
For the requirements, see 4.5.2.

An OFF state shall be generated when normal tension is removed from the wire.
7.4.2 TestNo. 26 — Actuating force
For the requirements, see 4.5.3.
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The test shall be carried out with test piece 5 at a test speed of 10 mm - s-1 or less in the specified
directions at the least favourable location(s) on the effective sensing surface.

7.4.3 TestNo. 27 — Tensile strength of the sensor (including any connections)
For the requirements, see 4.5.4.

The test shall be carried out on a sample sensor to ensure that the sensor does not break under a tensile
force of 1 000 N for at least 1 min.

1.4.4 TestNo. 28 — Actuating deflection of the wire
Hor the requirements, see 4.5.5.

The test shall be carried out using a sample sensor with the maximum length of Wwire statefl by the
rhanufacturer.

7.5 Other tests

71.5.1 Test No. 29 — Marking

The requirements of Clause 5 shall be verified by inspection.

1.5.2 Test No. 30 — Information for selection and usé

The requirements of Clause 6 shall be verified by inspection.
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Annex A
(normative)

Timing diagrams for pressure-sensitive bumpers, plates, wires
and similar devices with /without reset

—

FiguresA.1 to A.4 shows the relationship between actuating force, reset signal and outputs of the sénso
and output signal switching device (see 4.2.6).

3 —
b
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I
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|
I
e |
I
A B C D E F G H t
tr
Key
a) power to pressure-sensitive protective device e) output of output signal switching device(s)
b) actuating force t time
c) reseft signal tr response time

d) sengor output

A power to pressure-sensitive protective device ON: output of output signal switching device remains in OFF
stat¢ because pressure-sensitive protective device not reset

B reseft achieved: qutput of output signal switching device turns to ON state because sensor output turned ON
duelto operatjon'of reset button without actuating force on sensor

C  outpgut of output signal switching device turns to OFF state because sensor output turned OFF due to
actulating force on sensor

D reseft signal present: operation of reset button has no effect on output of output signal switching device as
long as force present on sensor; output of output signal switching device remains in OFF state

E  actuating force removed from sensor: output of output signal switching device remains in OFF state even
though reset signal still present

F  reset signal removed: release of reset button has no effect on output of output signal switching device even
when force removed from sensor

G resetachieved: output of output signal switching device turns to ON state because sensor output is turned ON
due to operation of reset button without actuating force on the sensor

H power to pressure-sensitive protective device OFF: output of output signal switching device turns to OFF state
because sensor output turned OFF

Figure A.1 — Sensor output initiated by reset function
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tr
power to pressure-sensitive protective device t tinle
actuating force ty<,response time

reset signal

sensor output

output of output signal switching device(s)

power to pressure-sensitive protective device ONtautput of output signal switching device remains i

h OFF

state because pressure-sensitive protective device not reset; sensor output turned ON when power t:[rned ON

reset signal achieved without actuating force.on sensor: output of output signal switching device tur
state due to operation of reset button while sensor output turned ON

actuating force on sensor: sensor outputturned OFF, turning output of output signal switching devicg
state

reset signal present: operation ofreset button has no effect on output of output signal switching devi
long as force present on sensor; output of output signal switching device remains in OFF state

actuating force removed(from sensor: sensor output turns ON but output of output signal switching
remains in OFF state even though reset signal still present

sto ON

e to OFF

ce as

evice

reset signal remowed;'release of reset button has no effect on output of sensor, which remains ON; oufput of

output signal switching device remains in OFF state

reset signalachieved without actuating force on sensor: output of output signal switching device turps to ON

state due fe-eperation of reset button while sensor output turned ON

power toipressure-sensitive protective device OFF: output of output signal switching device turns to
becausé sensor output turned OFF

DFF state

F‘ignrn A2 — Sensor nnfpnf indpppndpnf of reset function
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A —
b
I
I
I
I
I
!
I
d | \
|
I
e |
I
A B C G H t
tr
Key
a) power to pressure-sensitive protective device e) output of output signal switching device(s)
b) actuating force t time
c) resef signal tr response time

d) sengor output
A power to pressure-sensitive protective device ON: sensor output turned ON when power turned ON
B output of output signal switching device turns to ON statebeécause no actuating force on sensor

C  actuating force on sensor: sensor output turned OFF, tutning output of output signal switching device to OFF
stat¢

=)

G  outgut of output signal switching device turns to{ON state because sensor output turned ON due to removal g
actuating force from sensor

H powjer to pressure-sensitive protective device is OFF: output of output signal switching device turns to OFF
stat¢ because sensor output turned OFF

FigureA.3'— Sensor output without reset function
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| B O o O Q9 O o QO e

oo el nliie - SN @ N |

I

A B CD E CD t
tr
ey
power to electrical circuits of pressure-sensitive protective‘device x) pressure pulse in sensor
) actuating force t time
reset signal tr  response time
) electrical output of sensor (air-pulse switch)
output of output signal switching device(s)
power to pressure-sensitive protective deviee ON
reset signal present: output of output sighal switching device turns to ON state
actuating force on the sensor: electrical output of sensor turned OFF, turning output of output signal

switching device to OFF state
electrical output of sensor turns to ON state due to pressure decay in sensor

reset signal present: output of output signal switching device turns to ON state, although actuating fo|
still applied —can lead to danger

he point at which #D¥0ccurs will depend on a number of factors, for example the level of force applied af
pntrolled rate of Teakage of air from the system.

50 13849-1:2006. See C.3.6 for additional information on air-pulse systems.

is necéssary for the control system of the machine to have its own safety system to ensure that no hazar
bstatt'Occurs. On powered doors, for example, this can be in the form of automatic machine reversal or mj

rce is

d the

s indicated in'4.2.6.2, air-pulse systems are not considered to fulfil the requirements of category 1 according to

dous
anual

psety The correct functioning of such controls shall be described in the relevant type-C standards.

As shown, this system has no means of checking the operation of the sensor in response to a pressure impulse. On
doors, in order to satisfy category 2 according to ISO 13849-1:2006, this shall be the function of the door control
system.

Figure A.4 — Sensor output for trip devices where the sensor output does not remain in OFF

state when actuating force is still applied (e.g. air-pulse or piezo-electric systems)
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Annex B
(informative)

Device characteristics — Explanatory remarks and

recommendations
Figure H.1 gives the principle of operation only. For some pressure-sensitive protective devices, such-als
exampld pressure-sensitive plates, the curve can have a different shape depending on the design.
Y
C
600N
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/
Vi
B2 (
400N ”
//
250N § BLAD).
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3 g X
Ly
— “\
4
. L
[ (4]
a b c d e
h i
/
I .
j
k
/
|
Key
X  travdl, min a sensor before contact established stopping travel of machine
Y force, N b point of contact actuating travel
1 reference forces ¢ point of actuation overtravel
2  lowest actuating force d deformation at point B2 working travel
3 hazard speed e deformation at point C total travel
4  sensor f reaction force

Forces are related to test piece 1 of Table 2 and are examples only.
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Figure B.1 — Force-travel relationship for pressure-sensitive protective devices
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a) Actuating travel

The force increases from the point of contact with the obstruction. At a given point, the sensor
signals the control unit to go to the OFF state. A signal is then sent to the machine control system
to stop the hazardous movement. The distance travelled between these two points is called the
actuating travel. This distance can vary with the approach speed and environmental conditions.

b) Overtravel and total travel

Overtravel is the distance in which the speed decreases and the applied force increases. The

maximum permissible Torce speciiied by the supplier and selected by the user for an apj
should be less than the reference force according to the type-C standard or the risk assesst)
should occur within the overtravel. See Figure B.2.

lar

number of factors can cause the maximum permissible force to be exceeded, any of which'can lead
due to excessive force acting on the body part concerned when no further sensor deformation is pd

HXAMPLE Brake deterioration (age), extended response time, mechanical wear, ificreased hazard s

=

epending on the design, the overtravel for pressure-sensitive plates.can be either very sj
Vhere the travel is deliberately restricted) or infinitely large (i.e. where the plate is designed
ompletely out of the way).

Q<

h all applications, the force exerted on a person should be kept to@minimum. The maximum per
brce can be influenced by, e.g. the duration of application of-tle force, the dimensions of the se
haterial of the sensor and the body parts being protected<Special consideration should be

hose applications where children or elderly persons arée.to be protected.

=+ = —

_

he moving power transmission elements and tools,are protected with fixed and interlocked
umpers are used to protect a person who may enter the path of the moving enclosure.

el

—1

blication
nent and

to injury
ssible.

peed.

hall (i.e.
to move

Imissible
hsor, the
siven to

guards.

Key
1 direction of travel b overtravel d  overall bumper height
a  actuating travel c total travel

Figure B.2 — Example of bumper mounted on woodworking machine
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Annex C
(informative)

Design guidance

Cl1l A
This an

ignoring
as finall

C2 G

C.2.1

Pressur
for man

Convers
frequen

C.2.2

Componfents of pressure-sensitive protective devices.should be fully protected from foreseeable damagg

e.g. with

C.2.3

Where
be madsd

C.2.4
The pro

C.2.5

Sensors
also par

point with incoming cables, tubes, fibres or leads and at points where contact elements are held apart.

pplication note

hex gives some guidance on the design of pressure-sensitive protective devices. Howeve
this design guidance does not necessarily mean that the pressure-sensitive protective devic
y constructed will be unsafe.

bneral

Frequency of operation

b-sensitive protective devices are frequently used in applications where they are not actuate
’ months. However, when they are actuated, they should work safely.

ely, some pressure-sensitive protective devices are uSed on applications where they ar
ly activated. This can sometimes result in a change of'sensitivity over time.

Components

protective sheaths.

Effects of liquid

omponents can come into contact with liquids such as oils, chemicals or water, the sensor shoul
of suitable materials which will not corrode, degrade or swell, resulting in a loss of sensitivity

Profile material

file material of the sensor should withstand the operating duty and environmental conditions.

bensor sensitivity

can havecertain parts of the pressure-sensing surface which are less sensitive than others an
Ls which-ean be more easily damaged than others. Sensitivity can be reduced near the connectio

[CERE

[¢2)

——

="

C.2.6

se o1l position detection switches

Where position detection switches are used, e.g. as a part of the sensor of pressure-sensitive plates or
pressure-sensitive bumpers, the following design characteristics should be considered:

— displacement or removal of the sensor;

— permanent deformation of the top surface due to overloading;

— sticking of position detection switches due to infrequent use;

— excessive wear or misalignment of cams on cam-operated systems;

40
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— position detection switches becoming loose on brackets causing misalignment.

013(E)

Where position detection switches are used with rigid sensors, their reliability should be considered

in relation to the consequences of their failure. The use of position detection switches manufac
accordance with IEC 60947-5-1 is recommended.

C.2.7 Trap points

Consideration should be given to the design of pressure-sensitive protective devices havi
sensors with respect to the prevention of trap points. Where possible, gaps which close when t

tured in

ng rigid
e sensor

i$ deflected/displaced should be eliminated at the design stage. If there is a gap which reducesy
sensor is moving or being deflected/displaced, the gap should remain large enough to avoid bec
trapping hazard.

(.2.8 Result of sensor actuation

ar

fter the pressure-sensitive sensor has been actuated, the control system @f) the machinery
esigned to

(@)

— stop the machine, or
—+ reverse the direction of machine motion.

[fthe machine has been stopped through the actuation of a préessure-sensitive sensor, an automg
should not be possible. Restarting the machine should be pgssible only after manual operation ¢
device. The reset can be provided by the control system of the pressure-sensitive protective d
By the control system of the machinery.
A

utomatic reset may be possible, depending uponttie application and the risk assessment.

(.2.9 Use of pressure-sensitive protective devices as combined trip and preseng
sensing devices

When a pressure-sensitive protective'device is used as a combined trip and presence-sensing
hall perform the trip function. Resetshall not be possible as long as a person is present in the haz3

(%)

(.3 Pressure-sensitive-bumpers

(.3.1 General

Bumpers are genefally made in two forms: either of foam or rigid surfaces. They can be installg
pading edge of amachine or wrapped around to include the sides. Examples of foam bumpers ar

n Figures Ct~and C.2.

umpefsdesigned in accordance with Figure C.1 are generally used where the movement is in a
ne/See Figure B.2.

[ —

=

Vhen the
ominga

 can be

tic reset
fareset
evice or

e-

Hevice it
rd zone.

d on the
e shown

straight

UMpers desighed i accordance with FIgUTe C.2 are USed WHen the MovVement 15 muitidiTectio
is the case on a vehicle turning a corner.
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Key
1 mou tius strface

Figure C.1 — Foam bumper

Key
1 mourfting surface

Figure C.2 — Foam bumper

C.3.2 Physical effects

j2y)

Ingress pf material (either in small or large particles), vermin or fluid, which can be present in the are
in which the pressure-sensitive protective device is to be used, can cause the sensor made of flexibl
foam to [degrade or to lose its sensitivity.

]

It is posgible that a very small hole in thelsurface of the flexible foam remains undetected during regul

inspectipn. However, the hole can besufficiently large to allow fluid penetrating into the interior of th
pressure-sensitive bumper. The larger the pressure-sensitive bumper, the more fluid or dirt can get int
the gap and form a barrier whichprévents the sensor from being actuated. Conversely, it can be desirab]
to ensurje that fluids can escape from a pressure-sensitive bumper by or through a suitable porous areg.

C.3.3 Pressure-sensitive bumpers with electric sensors

On som¢ designs, electric contact elements are used. The contact elements are normally separated bl
an air gap which(is'closed when pressure is applied to the surface. The air gap may be maintained by
springs,|insulating pads or a resilient foam. Consideration should be given to the effects of failure qf
these cdmponents, e.g. failure should not result from parts breaking off and moving around inside p
pressurg¢{sensitive sensor, thereby impairing sensitivity or preventing operation.

The manner of the electrical connections to the sensor should also be considered. They should be of high
integrity. The leads should be connected so that any open circuit to any single sensor will be detected.

C.3.4 Pressure-sensitive bumpers with fibre optic sensors

These pressure-sensitive bumpers normally operate on a reduction of light passing through an optical
fibre. Consideration should be given to the long-term changes that can occur in the light emitters and
detectors and in the optical fibre. The means by which the mechanical force is translated into an optical
change should be stable. There should be no possibility of light from the emitter being picked up by the
detector without going through the optical fibre — for example, after a fibre breakage.
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C.3.5 Pressure-sensitive bumpers with position-detection switches

These pressure-sensitive bumpers normally operate on transferring the actuating force to the

013(E)

position

detection switch which interrupts an electric circuit. The design should ensure that mechanical failure,
misalignment or other foreseeable situations will not lead to a reduction in safety level. The same
conditions apply where light beams or proximity switches are used in place of position detection switches.

C.3.6 Pressure-sensitive bumpers with air-pulse sensors

lead to the instantaneous loss of the safety function. In this case, the control unit showl
ch rupture/puncture and maintain the output signal switching device in the OFF state w
pture/puncture exists. This can be achieved with a system which regularly checks.the int
the system. The output signal switching device should remain in the OFF state until thanual
uthorized personnel.

=

Vith some air-pulse sensors, the deformation of the sensor profile causes @pressure rise
ransmitted along a tube to an air pressure switch. If the system does not have'a constantly ma
ir pressure, the following faults can occur.

Q

+ Damage such as cuts or permanent deformation of the profile willnot be detected.
+ The connecting tube can be cut, become disconnected, or kinked without detection.
+ The air pressure switch does not operate when the sensor'is deformed at a low approach sj

<+ The reaction time is extended when a long connecting tube is used between the sensor an
pressure switch.

this air bleed becomes blocked, the pressiire-sensitive bumper can fail to operate.

+ The setting of the air bleed will depend upon the cross-section of the sensor profile, the leng
sensor, the material of the sensor and the temperature range of the application. See 4.2.16.

+ Ifthe air bleed is too large, tlie sensitivity of the pressure-sensitive bumper is reduced.

-+ Ifthe sensoris compressedso that alarge proportion of the internal air is expelled, a partial
or prevent its immedidte re-actuation.

(.3.7 Pressure-sensitive bumpers with dynamic sensors

everal technologies make use of dynamic sensing such as air-pulse or light-pulse monitoring. T
5 to regularly check the state of the system so that any failure results in the output signal sy
evice going to the OFF state. The output signal switching device should remain in the OFF st
nanudlreset by authorized personnel.

04 o =W

nts, can
l detect
hile the
bority of
reset by

Wwhich is
ntained

heed.

i the air

+ Mostair pressure switches include an air “bleed” to compensate for changing ambient condjitions. If

th of the

vacuum

is created when the sehsbor is released. This vacuum can severely reduce the sensitivity of the sensor

he effect
witching
hte until

Thesvstem can also be used to set a pre-determined level of sensitivity which is re-set with ev

ry cycle

of the machine and can vary in a pre-determined way during the cycle of the machine.

C.3.8 High impact forces

In some situations, high-impact forces (e.g. from the forks of manually operated fork lift trucks) can be

applied to the sensor during service. If this is foreseeable, extra measures are required.
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C.3.9 Pressure-sensitive bumpers with semi-rigid or rigid surfaces

There is a risk that movement of the semi-rigid or rigid surface of a pressure-sensitive bumper will be
inhibited or blocked. This can be caused by any one of the following:

— failure by blocking or wedging;
— long term build-up of dirt;

— permanent deformation of the rigid active surface;

— seizjing of the guides.

C.3.10 Pressure-sensitive bumpers mounted on moving and stationary parts of machiner

<

C.3.10.1 Pressure-sensitive bumpers mounted on moving parts of machinery

=]

The follpwing remarks apply to all applications where the pressure-sensitive bumper is mounted o
the movjing part of the machine, e.g. the leading edge of a power-operated door¢(see Figure C.3), or a
automated guided vehicle.

=]

-~

S

A

Figure C.3 — Pressure-sensitive bumper mounted on power-operated door

D

There afe several ifaportant considerations to be taken into account in the risk assessment of th
maching and in the selection, design and application of a pressure-sensitive bumper when it is mountefl
on moving maehinery.

7]

Since the pressure-sensitive bumper detects the person (or other obstacle) only after the person ha
already ade contactwith 1'1" itis essentialthat

— the bumper reliability is appropriate for the risk assessment of the machinery,

— the pressure (force) applied to the person does not cause damage to health (i.e. the overtravel of the
pressure-sensitive bumper is acceptable), and

— the stopping performance of the machinery is acceptable in all foreseeable conditions.

When assessing the stopping performance of machinery, the worst case shall be taken into account. At
least the following factors shall be considered:

— worn brakes or reduced braking performance for some other reasons;

44 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=65f82e90c251b351fb8feecdf0755c92

ISO 13856-3:2013(E)

— ground conditions (floor finish, guide rails etc.);
— environmental conditions (water, ice, oil or other slippery material) on the floor;

— loss or fluctuations in energy supply.

C.3.10.2 Approach speed

The allowable approach speed will depend upon the risk assessment for the machine, which should include

-+~ combined speed of approach of the person and the machine,

- the energy dissipated on impact,

— the risk of crushing, and

— the stability of any load carried by the machine.

Ih some cases itis required to set a second (non-contact) safeguard aside which'will reduce the approach
peed to an acceptable level before contact is made.

w

(.3.11 Stationary pressure-sensitive bumpers

=

Vhen a stationary pressure-sensitive bumper (see Figure C.4) i§actuated, the machine shall ajfrive at a
afe state before harm can be caused through contact with theé moving part of the machine. If this is the
ase, then the guidance given in C.3.10 applies to stationafy pressure-sensitive bumpers also.

Q-
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