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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Ra
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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:

£z daco o cofntyy oot e (A o cofodbyy dictoone caanfo o faa ot ure noise .
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P

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

c) |Type-C standards (machine safety standards) dealing with detailed safety) requirements for a
particular machine or group of machines.

Thif document is a type-B2 standard as stated in ISO 12100.
Thd requirements of this document can be supplemented or modified\by a type-C standard.

Formachines which are covered by the scope of a type-C standard/and which have been design¢d and built
acc¢rding to the requirements of that standard, the requirements of that type-C standard take grecedence.

The safeguarding of machinery (see ISO 12100:2010, 3,21)*can be achieved by many differfnt means.
These means include guards which prevent access to.the hazard zone by means of a physical barrier
(forj example, interlocking guards according to IS0, 44119 or fixed guards according to ISO 14120) and
profective devices (for example, electro-sensitive, protective equipment according to IEC p1496-1 or
prepsure-sensitive protective devices accordingto this part of ISO 13856).

Type-C standards makers and designerswf)machinery/installations should consider the Hest way to
achjeve the required level of safety takiig into account the intended application and the regults of the
risi assessment (see ISO 12100).

Therequired solution can alsobeto combine several of these different means. The machinery/:tqstallation
supplier and the user examine\together carefully the existing hazards and constraints bef¢re making
thelr decision on the choice/ofsafeguarding.

Prepsure-sensitive pratective devices are used in a wide range of applications with differentlconditions
of use relating, for example, to extremes of loading or electrical, physical and chemical envjironments.
They are interfacédywith machine controls to ensure that the machine reverts to a safe condition if the
senpitive protective equipment is actuated.

Thip part ofISO 13856 is restricted to the design of pressure-sensitive protective devices sp that they
can|be used when the risk assessment carried out by the machine manufacturer and/or releyant type-C
stallldard, when available, shows this to be appropriate.

This part of ISO 13856 does not specify the dimensions and the configuration of the effective 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:
General principles for design and testing of pressure-

S

1
Thi

tesfing of those pressure-sensitive protective devices, with or without an external reset facil

not

appllications and are not available as “off-the-shelf” items.

Thi
pro

a)
b)
c)
Itd

its quitability for particular applications.
NOTE 1  For the relationship between saféty and reliability, see ISO 13849-1:2006, 4.2.

NOTE 2  The machinery manufacturer and/or user is responsible for installing appropriate types d

dev

[t isnot applicable to

NOTE 3¢ \(Specific requirements for particular applications are intended to be set forth in rele
star]

) )

Scope
5 part of ISO 13856 establishes general principles and specifies requirements for the

specified in either ISO 13856-1 or ISO 13856-2, and the majority of which are produced

5 part of ISO 13856 also gives specific requirements forothe following pressur
fective devices:

pressure-sensitive bumpers;
pressure-sensitive plates;
pressure-sensitive wires (trip wires).

bals with the design of a pressure-sensitive 'device with regard to safety and reliability 1

ce based on a risk assessment:

specifying the ditménsions of pressure-sensitive protective devices in relation to any|
application, or

stopping devices according to IEC 60204-1 used for the normal operation, including
stopping of machinery.

Hesign and
ty, that are
for specific

b-sensitive

ather than

f protective

particular

emergency

vant type-C

dards (see ISO 12100 and Introduction).

Additional requirements can be necessary where pressure-sensitive protective devices are used in
locations accessible to elderly or disabled people or children.

NOTE 4

are

2

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

Normative references

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

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

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

©IS

02013 - All rights reserved
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[SO 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 the human body

[IEC 60068
[EC 60068
[IEC 60068
IEC 60068
IEC 60204
[EC 60529,

[EC 60664
requiremer

[EC 60947-
elements —

IEC 60947
switching e

IEC 61000
Electrostat

IEC 61000-
Radiated, r

IEC 61000+
Electrical f|

IEC 61000+
Surge immi

IEC 61000+
Immunity ¢

[IEC 61000

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

2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state
1:2005, Safety of machinery — Electrical equipment of machines — Part 1: General requirem

Degrees of protection provided by enclosures (IP code)

ts and tests

5-1, Low-voltage switchgear and controlgear — Part‘5-1: Control circuit devices and switc
- Electromechanical control circuit devices

5-5:1997, Low-voltage switchgear and contrglgear — Part 5-5: Control circuit devices
lements — Electrical emergency stop device with mechanical latching function

ic discharge immunity test

4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement technique
dio-frequency, electromagnetic field immunity test

4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement technique
st transient/burst imiihunity test

4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement technique|
inity test

4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement technique
b conducted disturbances, induced by radio-frequency fields

L6-2 \Electromagnetic compatibility (EMC) — Part 6-2: Generic standards — Immunit))

4-2, Electromagnetic compatibility (EME) — Part 4-2: Testing and measuring techniquef

ents

1:2007, Insulation coordination for equipment within low-voltdge systems — Part 1: Principles,

ping

and

industrial

nvironments

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

3 Term

s and definitions

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

© ISO 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
2.

devices, as mentioned in ISO 12100:2010, Note to 3.28.5. For presence-sensing devices, see also 4.2.6.

Note 3 to entry: For the definitions of sensitive protective equipment and impeding device, see [SO
3.24.5 and 3.29, respectively.

3.11

pressure-sensitive bumper

pre§sure-sensitive protective device (3.1) with a sensor (3.3) or sensors whose characteristics

section throughout the pressure-sensitive area that can be regular or irregular, a cross-seq
usuplly greater than 80 mm, and an effective sensing surface (3.10) that/is,deformed locally
moye as a whole

3.12

pressure-sensitive plate

pre§sure-sensitive protective device (3.1) with a sensor (3.3))or sensors whose characteris
effe tive sensing surface (3.10) that is normally — but not negessarily — flat, an effective sens
h usually greater than 80 mm, and an effective sensing surface that moves as a whole

Note 1 to entry: See Figure C.5.

31
pre
pre:
cor

3
ssure-sensitive wire

[sure-sensitive protective device (3.1) with a sensor (3.3) or sensors whose characteristics
1, rope or cable held in tension, and.where a change in the tension is detected to give an oy

3.2
pre
PSI]
sen
bod

sence-sensing device
)
Kitive protective equipment that creates a sensing field, area or plane for detecting the pr
y part or the whole-of d person

Not
dev

b 1 to entry: Presstlire-sensitive protective devices can be used as tripping devices as well as prese
ces, as mentiened in ISO 12100:2010, Note to 3.28.5.

e 2 to entry:)See also 4.2.6.2.

12100:2010,

\re a Cross-
tion width
pr that can

fics are an
ing surface

are a wire,
tput signal

esence of a

nce-sensing

pressure applied to part of its surface

sufficient

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.

© IS0 2013 - All rights reserved
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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 signal switching device

part of the
machine cq

3.6

ON state
state in wh
flow of cur

3.7
OFF state

state in whiich the output circuit(s) of an output signal switching device (3.5)is broken and interruptg

flow of cur

3.8

actuating
any force 3
OFF state (

3.9
approach
relative sp

3.10

effective sensing surface

partofthe
application

3.11

effective sensing direction(s)

direction(s

3.12

dead surface

part of the
3.13

control unit (3.4) of a pressure-sensitive protective device (3.1J which 1s connected to
ntrol system and transmits output signals

ich the output circuit(s) of an output signal switching device (3.5) is completéand permitsg
rent or fluid

rent or fluid

force
pplied to the sensor (3.3) which causes the output signal switching device (3.5) to go to
B.7)

speed

bed at which contact is made between the surface of the sensor (3.3) and a part of the bod

burface of the sensor (3.3) or aicombination of sensors, as stated by the manufacturer, where
of an actuating force (3.8)creates an OFF state (3.7) in the output signal switching device (3

of the actuatingforce (3.8) from which the sensor (3.3) will be actuated

surface-area of the sensor (3.3) outside the effective sensing surface (3.10)

actuating

ravel

the

the

the

the

y

the
.5)

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) 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.

© ISO 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

conditions, to where a specified force is exerted on the object
Note 1 to entry: See Figure 2 and Annex B.

3.15
overtravel

difference between the working travel (3.14) and the actuating travel (3.13) when both these distances

are|measured with the same object applied under the same conditions
Note 1 to entry: See Figure 2.

3.1

for¢e-travel relationship

relgtionship between the force applied and the distance travelled by a pressure-sénsitive prote
(3.1) in operation

Note 1 to entry: See Figure 2.

31

reset
fungtion which permits an ON state (3.6) in the output signal switching device (3.5), provided t
confitions are met

3.1
mopnting orientation
origntation in space of the sensor (3.3)

3.1
total travel

moyement or deformation of the effective sensing surface (3.10) of a pressure-sensitive prote
(3.1), measured in the direction ofithe actuating force (3.8) from the point of contact to t
which no further significant defermation of the effective sensing surface occurs

rtive device

hat certain

Ctive device
he point at

© IS0 2013 - All rights reserved
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Key

O 0 N O U1 H W N -

*%k

*xkk

pressy
sensof
contro
output
parto
actuat
sensof
ON stq
manua

reset s

re-sensitive protective device
(s)
| unit*

signal switching device

ng force

output

te/OFF state signal
1 reset signal**

monitgring signals (optional)

manug
machi

Can bd
block.

1 reset signal t0the machine control system***

he controlsystem(s)

Wher

the machine control system for pressuire-sensitive protective device output signal processing

ignal from machine-caontrol system (where appropriate)

locatedwithin the machine control system or as part of the machine control system, e.g. as a logic

appropriate, this mav be used as an alternative to a

Where appropriate, this may be used as an alternative to 9.

Figure 1 — Systematic sketch of pressure-sensitive protective device as applied to machine
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! /
C
600 N
/
/
/
/
B2 /
400 N
/
1 /
B1 /
250N -
) A __—7
0
c d b
\ \
€
\
f
\
g
\
h
\
Key
A |actuating point and actuating farce at maximum operating speed
B |force-travel points occurring at force of 250 N (B1) or 400 N (B2) at operating speed of < 10 mm - $-1
C |force-travel point occurring, for example, at a force of 600 N at an operating speed of < 10 mm - s-|1
1 [reference force
2 [lowest actuating force
a [force, N
b [travel, mm
c |actuating:travel
d |oveftravel at 250 N
e |working travel at 250 N
f  overtravel at 400 N
g working travel at 400 N
h  total travel

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 pressure-sensitive protective device shall have dimensions and be positioned such that the sensor
will detectpy-totre sachofarersomrorns meres S TR S

approa orapersoirorpa orapPerso oa1mrazaraot atromoramazarazpne.

a) The dgvice is used to stop the hazardous parts of machinery that are remote from the seénsor. In fhis
applicdtion, the distance between the sensor and the moving parts of the machine shall be such that
the mgchine stops before any part of the body can reach the hazardous zone. The'distance shall be
calculgted on the basis of the principles presented in ISO 13855. See the example’given in C.4.2)

b) The sepsor is mounted on the hazardous part of the machine or adjacentto-it, so that the macline
will stpp or reverse to a safe position after the sensor is actuated and<before injury can occur.|See
the example given in C.3.10.

The follow|ng basic requirements apply to all the pressure-sensitive)protective devices covered by this
part of ISO[13856. Additional specific requirements are given for pressure-sensitive bumpers, pressyire-
sensitive plates and pressure-sensitive wires. These specific réquirements according to 4.3 to 4.5 ffake
precedence¢ over the basic requirements given in 4.2.

ic requirements

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

The lowestlactuating 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

— in the reference direction(s);
— over the effective sensingsurface,

— at the relevant appteach speed(s),

— with the sensoriin the mounting orientations,

— with the relévant 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

ISO 13856-3:2013(E)

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 wi

sensitivity, i.e. actuating forces lower than those shown in Table 2.

4.2,

For

pro

For

Thd
dev

appllication (see Annex B for advice on the force-travel relationshipof specific devices).

4.2
For

The
the
dev]
the

4.2
For

The
visi

manufactured for a speeifi¢ application, the number of operations shall be appropriate for that

4.2

4.2,

For

2 Actuating travel

the test method, see 7.1.1 and 7.1.6.

d [10U ITI0IC ca DY [ O c pPI'c U

ective device. For devices manufactured for a specific application, the actuating tray
ropriate for the application (see Annex B for advice on the force-travel relationship of specif

3 Overtravel
the test method, see 7.1.1 and 7.1.7.

overtravel shall be notless than that stated by the manufacturer of the pressure-sensitive
ice. For devices manufactured for a specific application, the overtravel shall be appropr

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

sensor shall be able to cause an OFF state in the:utput signal switching device when ac]
foreseeable approach speed(s) as stated by the manufacturer of the pressure-sensitive
ice. For devices manufactured for a specificapplication, the approach speed shall be appf
application.

5 Number of operations
the test method, see 7.1.1 and 7.1.8.

pressure-sensitive protective device shall continue in normal operation and the sensor sh
ble signs of damage afterthe number of operations stated by the manufacturer of the device.

6 Responseof output signal switching device to actuating force

6.1 Systems where sensor output remains in changed state as long as actuating force

thetest method, see 7.1.1 and 7.1.9.

th a higher

e-sensitive

el shall be
icdevices).

protective
ate for the

uated with
protective
opriate for

all have no
For devices
hpplication.

is applied

Wh

eTT threactuating force ras beemapptied to the sensing surface of the semnsor, the semnsor

utput shall

change state, causing the output signal switching device to change from an ON state to an OFF state. 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.

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).

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=181bf38fd948527b5e0c3a05dc729113

ISO 13856-3:2013(E)

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 some devices, additional protective measures are required. See Figure A.4, C.3.6 and C.5.7.

Some devig
the require

4.2.6.3 Reset function

For the tes

The reset
ISO 13849

To reset a g
shall be ap

directl

via thd

When man

4.2.7 En

4.2.7.1 HRequirements for normal operation

For the tes

The pressuyire-sensitive protective device shall continue in normal operation in the environme

conditions
conditions

the ouf

the ON

4.2.7.2 1T

es, e.g. air-pulse sensors, which are not regarded as well-tried components, shall cothply v
ments of category 2 according to ISO 13849-1:2006.

I method, see 7.1.1 and 7.1.10.

function of a pressure-sensitive protective device shall fulfil the general requirement|
1:2006, 6.2.2, and the functional requirements of Annex A of this\part of ISO 13856.

tart interlock or a restart interlock of a pressure-sensitive{protective device, the reset sig
blied either

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

hal reset is provided, it shall function accordingto Figures A.1 and A.2 and ISO 13849-1:2006,

VYironmental conditions

I method, see 7.1.1 and 7.1 1

stated by the manufacturer in accordance with the requirements given in 4.2.7. Under t}
normal operatiényis achieved when

putsignal switching device remains in the ON state as long as no actuating force is applied,

state changes to an OFF state when the actuating force is applied.

vith

fnal

5.2.

htal
ese

and

emperature

For the test method, see 7.1.1 and 7.1.11.3.

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
shall continue in normal operation under the conditions given in IEC 61000-6-2 and in Table 5. The
manufacturer may dpcign to and thcpqnpnﬂv state_a highpr lpvp][q) for which the pressure-sensitive
protective device is required to continue in normal operation. A higher level of protectipn shall be
proyided when this is required to maintain safe operation of the pressure-sensitive protectiye device in
a sgecific application.

4.2)7.5 Vibration

For|the test method, see 7Z.1.1 and 7.1.11.6.

Theg pressure-sensitive protective device shall continue to operate without being actuated under the
follpwing vibration conditions in accordance with IEC 60068-2-6:

— |frequency range: 10 Hz to 55 Hz;
— |displacement: 0,15 mm;

— |10 cycles per axis;

— |sweep rate: 1 octave per minute.

After this vibration test, the pressure-sensitive protective device shall continue in normal operation.
4.2{8 Power supply variation

4.218.1 General

Forfthe test method, see 7Z.14'and 7.1.12.

~N

The pressure-sensitive-protective device shall continue in normal operation as defined in 4/2.7.1 when

subjected to the poweér supply variations according to 4.2.8.2 and 4.2.8.3.

4.218.2 Electrical power supply variations

For|the test'méthod, see 7Z.1.1 and 7.1.12.2.

The pressure-sensitive protective device shall meet the electrical power supply variation re‘IIUil‘ementS
of IEC560204-1:2005, 4.3

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 electri

confor

cal equipment (components) of pressure-sensitive protective devices shall

m to International Standards where these exist,

be suitable for the intended use, and

— be operated within their specified ratings.

4.2.9.2

Protection

4.2.9.3 Protection against over-current

Protection
7.2.7,7.2.8

4.2.9.4 Hlectromechanical devices

Electrome
of IEC 6094

4295 P

The electri

4.29.6 G

The electr
8.3 and 10

4.2.9.7 V

The electri

4.2.10 Hy

For the tes

rotection against electric shock

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

hnd 7.2.9.

thanical controlunitsand outputsignal switching devices shallmeettherelevantrequiremd
7-5-1.

ollution degree

fal equipment shall be suitable for pollutién degree 2 in accordance with [EC 61439-1:2009, 7,

learance, creepage distances

cal equipment shall be designed and constructed in accordance with IEC 61439-1:2
4.

yiring
cal equipmentshall be wired in accordance with IEC 61439-1:2009, 11.10.

raulic equipment

I method, see 7.1.1 and 7.1.13.2.

against over-current shall be provided in accordance with IEC €0204-1:2005, 7.2.1, 7J2.

6.3.

bnts

1.3.

09,

Hydraulic

pguipment 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:

12

2010, 6.3.3 and ISO 13849-2.
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For

4.2.
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13 Enclosure

the test method, see 7.1.1 and 7.1.14.

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
[P 54 as a minimum. If the manufacturer specifies that the sensor may be immersed in water, the sensor

enc

4.2

Thd
of I

osureshall meetthe rnqnirnmpnfc of IP 67 as a minimum

13.2 Control unit and output signal switching device

stapdard of protection relevant to that application. In these circumstances,the control unit
signal switching device shall meet the requirements of [P 2X as a minimurn.

4.2]14 Access

Forfthe test method, see 7.1.1 and 7.1.15.

Where access is required to the interior of any part of the pressure-sensitive protective deyj
only be possible by means of a key or tool.

4.2
and

4.2
req
per

For
4.2
req

Me(
are

4.2
be d

15 Performance levels and categories for safety-related parts of control systems in
e with ISO 13849-1

15.1 Pressure-sensitive protective ‘devices according to this part of ISO 13856 shal
lirements of the performance leyelN(PL) and category for which they are specified and
formance levels and categories are’/specified in ISO 13849-1.

the test method, see Z1.1,and 7.1.16.

15.2 Pressure-sensitive ‘protective devices according to this part of ISO 13856 shall meet
hirements of perforimance level c according to ISO 13849-1 and the requirements of this part of

hanical damages of the sensor surface that do not affect the safety function (e.g. scratche
not treated-as failures.

15.3 B1o4 values for the sensor shall be determined by means of testing. The testr

control unit and any external output signal switching device enclosure shall meet the requirements
P 54 as a minimum. Where the control unit and output signal switching device are d¢signed for
moInting in another control equipment enclosure, this enclosure shall meet(the require

nts of the
and output

ice, it shall

accord-

meet the
arked. The

at least the
ISO 13856.

5 by swarf)

bsults shall

locumented by means of test protocols. These should comprise at least the following information:

type-ofsensor:

measurement points;

temperature (of the environment);
operating voltage and operating current;
switching frequency;

test location;

test loading;

actuating speed;

© IS0 2013 - All rights reserved
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NOTE

number of operations;

B1oq values;

types of failure;

test person, test laboratory, date and signature.

The determination of the B1pq values is undertaken by the manufacturer.

4.2.15.4 If a pressure-sensitive protective device complies with category 3, its architecture may deviate

from the d

Fault excl
not tolera
shall not b

If fault exc
calculated

sions shall be listed and explained in the instructions for use. Fault exclusions which
le due to a reasonably foreseeable misuse of the pressure-sensitive protective de
made.

usion is used for the determination of the PL, the diagnostic coverage does not need t

expectation of the mean time to dangerous failure (MTTFq) shall be present to reach performance lev

4.2.16 Ad
For the tes

Pressure-s
to make a
instructior
can be met
The adjust

ustments
I method, see 7.1.1 and 7.1.17.

ensitive protective devices shall have no means of manual adjustment. If it is necess

s to enable the adjustments to be made so thatthe requirements of this part of ISO 13
. There shall be arrangements for checking that such adjustments have been made corre
hble elements shall only be accessible by means of a key, security code or tool.

4.2.17 Semsor fixing and mechanical strength

For the tes

[ method, see 7.1.1 and 7.1.18.

Means shalll be provided for all parts_of the sensor to be fixed securely in the specified moun

orientatior
forces in tH

4.2.18 Co
For the tes

Where cor
interchang
component

. The fixed sensor shall (have sufficient mechanical strength to withstand the maxin
e specified directions ds stated by the manufacturer.

hnections
I method, se€/Z1.1 and 7.1.19.

hponents. of different configurations within the pressure-sensitive protective device
eable-by means of plug and socket connections, incorrect placement or exchange of th
s,shall not cause a failure to danger.

are
yice

be

ind will not be included when determining the performance level. Under these conditions a lhigh

el d.

ary

Hjustments during commissioning or during maintenance, the manufacturer shall supply

856
Ctly.

[ing
jum

are
ese

If a sensor is connected by a plug and socket, removal or disconnection of the sensor at the plug and
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 intentio

nally 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.

14
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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)
(see1S0 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
shock conditions anticipated for the application.

NOTE The effect of shocks will vary considerably depending upon their size and direction andyop the design
of tle sensor of the pressure-sensitive protective device. Further precise requirements are specifiedfpr pressure-
sengitive plates only (see 4.4.1).

4.3| Specific requirements for pressure-sensitive bumpers

4.3{1 Force-travel relationship(s)
Forfthe test method, see 7Z.1.1 and 7.2.1.

The force-travel relationship shall, as a minimum, be as stated by the manufacturer. The manufacturer
shall provide the force-travel relationship data using Figure 2 agan example and shall state theconditions
under which the data were determined.

4.32 Additional coverings for sensors
Forfthe test method, see 7.1.1 and 7.2.2.

If aflditional coverings are used, the requirements of this part of ISO 13856 shall be fulfijled by the
covered sensor.

4.3{3 Recovery after deformation
For|the test method, see 7.1.1 and\7.2.3.

After the effective sensing Surface of the sensor has been deformed or moved by the working travel for
24 h, the effective sensing'surface shall recover in accordance with Table 1.

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 pressure-sensitive plate shall continue to operate, without being actuated, under the following

conditionﬂﬁmﬂmmmﬂmmmmmmesite
direction gnly and shall be in accordance with IEC 60068-2-27:

— peak afceleration: 100 m - s=2;

— duratipn of the pulse: 16 ms;

— form of the pulse: half sine;

— numbdr of pulses per direction: 1 000;

— frequency: approximately 1 Hz.

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

If the manyifacturer states that the pressure-sensitive plate is suitable for a wider shock range, then it
shall meet fthis requirement over the stated shock range.

4.4.2 Deformation, inhibition and blocking
For the tesf method, see 7.1.1 and 7.1.20.

Deformati¢n of the plate, prevention of the miovement of the plate (wedging, blocking) and other
foreseeabl¢ faults shall not lead to the loss ofithe safety function.

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

4.5.1 Eldctrical switches
For the tesft method, see 7.1,

Electrical ywitches usedwith pressure-sensitive wires shall meet the requirements of IEC 60947-5-%. In
addition, the requireménts given in 4.5.2 to 4.5.5 shall be met.

4.5.2 Breakingor disengagement of wire

For the testrethodseeZttand 741

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.

For

ISO 13856-3:2013(E)

4 Tensile strength of the sensor

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.

For

5 Actuating deflection of the wire

the test method, see 7.1.1 and 7.4.4.

The displacement of the pressure-sensitive wire needed to generate an OFF state shall be less than

150 mm in all the stated actuating directions (see Figure C.6). For special applications, a di

of

5.1
Pre

spe
and

5.2

All
of t

5.3

The
can

5.4
The

ore than 150 mm can be acceptable when indicated by the risk assessment to be acceptd

Marking

General

Esure-sensitive protective devices which are placed on the market séparately shall be
cified in ISO 12100:2010, 6.4.4, and, as a minimum for electrical equipment, with the ra
current. See also [EC 60204-1:2005, Clause 16.

Labels

he corresponding part of the pressure-sensitive protective device to which they are attac

Marking of the control unit

control unit label(s) shall also contain‘the following information or indicate where this i
be found:

the performance level, category*and B1gq value according to ISO 13849-1 for the system
the response time for the-system as a whole;
whether designed with.or without reset;

the part numbep:

Marking of the sensor

sensorJabel shall also contain the part number or indicate where this information can b

bplacement
ble.

marked as
fed voltage

abels shall be securely fixed and all markings shall be’durable and legible for the expectled lifetime

hed.

hformation

as a whole;

e found.

6

Information for coalaction and uca

6.1

TIITUT IO CIUIT TUT JUTCTTIUIT oIt TaAJT

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 ISO 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)

b)
‘)
d)
€)
f)
g)
h)
i)
i)
k)

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;

limits as to the length and specifications of connections between sensor(s) and control unit(s);

mountfing orientation(s) at which the sensor can be used;
means|of fixing the sensor and control unit;

force(q) which the installed sensor is able to withstand and the direction(s) in which they are appllied;
dimengions which specify the effective sensing surface;

maxinjum dimensions of the sensor;

weight of the sensor per metre length and weight of the control unit;

sensor|additional covering details (where applicable);

force-tiravel relationship(s), showing the actuating travel and\overtravel in the form of a tablg¢ or
diagra‘Ln according to Figure 2;

specified force after overtravel;

stated|number of operations;

chemig¢al resistance table for the sensor;

operatfing temperature range;

power|supply requirements;

control unit enclosure specification(s) according to IEC 60529;
sensor|enclosure specification(s) according to IEC 60529;

categolry (or categories)and performance level(s) according to ISO 13849-1;

selectipn procedugeraccording to Annex D;

critical lengths*of connections between individual components;

defornllation behaviour over time;

output signal switching device switching capability according to [EC 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

6.3.

Information for use

1

Information for application and commissioning

For

Thd
a)

b)

verification,; see 7-1#%:
manufacturer shall make available the relevant information from the following:

Information relating to the pressure-sensitive protective device:

1)
2)
3)
4)

5)

6)

7)

8)

9)

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

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

detailed description of the device;
the limits as to the configuration, number and length of sensors.connected to one cq
the limits as to the length and specifications of connections between sensor(s) and con

the procedure for determining the overtravel for the’ préessure-sensitive protec]
which shall be included with examples (see Annex B);

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

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

additional protective measures, acegrding to 4.2.6.2, necessary to achieve the requi
safety for specific applications;

the rating, characteristics and'location of all input/output terminals (e.g. maximu
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 var

ntrol unit;
frol unit(s);

ive device,

, including

kxamples of

red level of

M rating of

[0 solvents,
iation);

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

Information relating to packaging, transportation, handling and storage of the

citivza

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

pressure-

3 fockiua dagion o Lo
SCIISTOIV C PT ot Carv e aCvICCmIeTatTITg

1y
2)

dimensions,

mass,

3) description of packaging and methods of unpacking to prevent damage to the device,

4)

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.).

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

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

2)
3)
4)
5)
6)
7)

8)

9)

6.3.2

device
For verific

The manuf]
or manufad

a)

b)

20

Inforn

iy
2)
3)
4)
5)

6)

a warning that a reset function can be required,

requirements regarding the surface on which the sensor will be mounted,

methods of installation, including required tooling,

d
h

ap

SC
an

W
r

D

in
C

=]

ar

Inf]

pu
in
in

in

ign features of the effective sensing surfaces which can influence the safety fufiction
the effects of dead surfaces can be minimized by installation (including drawing, wk
ropriate),

d have been installed and interfaced with the machine control corregtly,

iability and correct installation of the interface between them,

lication that the category(ies) and performance level(s)\required for the device hav
mply with the category(ies) and performance level(s) established by the risk assessment,

Cord sheet which shall be completed by the installer, showing which control unit and sensd
e installed.

prmation relating to operation and maintenhance of the pressure-sensitive protectiv

tion see 7.1.4.

Acturer shall make available relevant information from the following. The machine supg
turer shall make this relevant information available to the machine user.

nation relating to the useof the pressure-sensitive protective device, including
rpose and method ©f;operation of the control unit and indicators,

ormation regarding use limits,

structions.for fault identification and for restarting after an intervention,

licatien.of fault exclusions,

and
lere

hedule of tests to be carried outafter installation to establish that the device(s) are functioning

irning that the overall safety of the machine and its safeguard-depends on the quallity,

b to
and

r(s)

®

lier

ex

plamation to the calculated performance level with reference to the variable parameters,

mean operation time, mean use time and cycle time, and

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

Information for maintenance, including the following:

1y
2)
3)
4)

awarningthatthe maintenanceinstructions should be read before any maintenance isattempted;

na

ture 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;

fan) 3 £l ot Lozl 4 2 I NS N £, s L 1 P R S d
JJ vvdal llllls tiiac Ulll)’ LIIUOC Pal Lo CIPPI uvieu U)’ LIC IIiadriuiractturl Tl lllqy | A § Ul_}labcu Ll-y Ll e user an

that if non-approved spares are used or non-approved modifications are made the pgrformance
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 thre@-months).
c) |Training

Recommendations for the minimum training requirements of personnel installing the equipment to
ensure that the pressure-sensitive protective device is installed to'comply with this part of SO 13856.

d) |Periodic functional tests

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

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

2) anindication thatthetestintervaldependsonthe use ofthe pressure-sensitive protedtive device
and that it is to be specified by'the operator according to the national legislative requirements.

NOTE Further advice for production of the instruction handbook and drafting and editing the jnformation
for Yise is provided in ISO 12100;2010, 6.4.5.2 and 6.4.5.3.

7 [|Verification of requirements

7.1] Verification of requirements applicable to all pressure-sensitive protective devices
coVered by this part of ISO 13856

7.1{1 General

All thetests in this part of ISO 13856 shall be considered as type tests for each type of pressurne-sensitive
protective 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;

— testspeed: + 10 %.

If, for a pafticular test, it is evident that the performance of the pressure-sensitive protective déyice
is not inflyenced by temperature over the stated temperature range, then tests may be carried oyt at
ambient temperature only.

Other releyant ambient conditions, e.g. atmospheric pressure and humidity, shall be re¢corded.
7.1.3 Test samples

7.1.3.1 Sensor
In order toperform the tests specified in this clause, one or more ready-tg-use sensor(s) will be requifed.

If the pressure-sensitive protective device is designed with aneffective sensing surface built up of
a combination of sensors, then the sensors for connection with one control unit shall be provigled.
If relevant] the maximum stated number of combined sensers shall be used to verify the releyant
requirements.

If the sensgr dimensions influence the characteristics:of’the sensor output, a sensor of the least effective
sensing diension as specified by the manufacturer shall be used.

7.1.3.2 Gontrol units with output signal switching devices

One contrgl unit with one output signal switching device corresponding to production units shall be
provided and, if necessary, one controkuhit with one output signal switching device specially prepdred
for testingunder fault conditions.

7.1.4 Test No. 1 — Safety-related data for selection, installation, commissioning, operation and
maintenance of suitable pressure-sensitive protective device

It shall be yerified that tlte manufacturer’s data sheet contains all safety-related data.

See 6.3.1 ahd 6.3.2:

7.1.5 TestNo. 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
Actuating force: 150 N

Test piece to simulate body part: Head
or hand

30

Te

Act
Bod

ating force: 400 N
y part: Shoulder

o485

Tes
Act]

Bod

t piece 3
ating force: 50 N
y part: Finger (knuckle)

|
i
$20

Tes
Act]
Bod

For]
proj

t piece 4
uating force: 50 N
y part: Finger (tip)

dimensions see IEC 61032:1997,
be 11.

212
—
|
|
|
|
i
f

Teq
Act]

Bod

t piece 5
uating force: 250 N
y part: Arm or leg

|

|

|

i
670

Tesd
Act]

Bod

t piece 6
uating force: 400 N
y part: Whole body

|

|

|

i
200

1

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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ensor mounting orientation for tests

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

If it is evid]
need to be

Test pieces

7.1.6 Tes
For the req

The test sh

ent that one or more of the relevant test pieces gives the least favourable resilt, then t
carried out using these test pieces only.

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

t No. 3 — Actuating travel
uirements, see 4.2.2 and 4.2.4.

all be carried out with test piece 1 or with the test piece(s) for the body part(s) relevan

psts

t to

the applicaftion (see Table 2). The test piece shall be applied to the-sensor at the minimum and maximum

approach s
application
For pressu
shall be ap

7.1.7 Tes
For the req

The test sh
application

peeds (see 7.1.5.1) at a location on the sensor where contact is normally expected for
. The actuating travel shall be within the limits‘for distance as stated by the manufacty
e-sensitive protective devices manufactured-for a specific application, the actuating tr
propriate for the application.

t No. 4 — Overtravel
uirements, see 4.2.3 and 4.2.4.

all be carried out with tesgpiece 1 or with the test piece(s) for the body part(s) relevant to
(see Table 2). The test piece shall be applied to the sensor at an approach speed <10 mm

at a location on the sensor where\contact is normally expected for the application. The overtravel s

be within
sensitive p|
appropriat

7.1.8 Tes
For the req

Testing sha

Lhe limits for distdnge and specified force as stated by the manufacturer of the press
Fotective deviceCFor devices manufactured for a specific application, the overtravel sha
e for the application.

t No. 5 — Number of operations

uirements, see 4.2.5.

the
rer.
hvel

the
s-1
hall
re-
| be

ITbe carried out by applying test piece 1 at the approach speed appropriate for the applica

tion

and for the specified number of operations. After the tests have been completed, the tested sensor shall
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

a
L !
+l
|
i Ra 3.2 / #80 0,2 &

2 Tact nioacao
dTrestpieece—=

%/%

Ra 3,2 45 0,2
400 0,5

45 +0,5

&

b) Test piece 2

a

Al
A

N
> i Ra 32/ & $20 +0.2

80 +0,5

c) Test piece 3

a | Mounting proposal only

Figure 3 — Test pieces 1 to 3
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Dimensions in millimetres/Tolerances on radii: + 0,2
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Ra 3,2 ®200 +0,5
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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.

For devices such as air-pulse sensors which are not regarded as well-tried components, the compliance
witfTthe requirements of category 2 according to 150 13849-1:20006 shall be veritied.

7.1]10 Test No. 7 — Response of output signal switching device to actuating force, reset and state
of power supply

Forfthe requirements, see 4.2.6.3.

Thq interaction of separate functions as given in Annex A shall be tested“using test piecq 1 and the
actfiating force applied in the reference direction to the effective sensing'surface at one random location.

7.1{11 Test No. 8 — Environmental conditions

7.1]11.1 General
For|the requirements, see 4.2.7.

The requirements concerning the environmental conditions shall be verified by analysis. Where this is
not|possible, the tests according to 7.1.11.2 to 7.1:11.6 shall be performed.

7.1]11.2 Functional test

At the conclusion of each of the tests\given in 7.1.11.3 to 7.1.11.6, the normal function of th¢ pressure-
senfitive protective device shall be verified using test piece 1. The test piece shall be applied|as follows:

— |perpendicularly to the effective sensing surface;

— |with the corresponding-actuating force given in Table 2;
— |at the maximum-operating speed;

— |at one randemiocation.

Thip requirement is fulfilled if an OFF state of the output signal switching device is producedl.

7.1{11°3. Test No. 8.1 — Operating temperature range

For the 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.

© IS0 2013 - All rights reserved 27


https://standardsiso.com/api/?name=181bf38fd948527b5e0c3a05dc729113

ISO 13856-3:2013(E)

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 requirements see 4 2 73

The requirpments 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 connected
Cab to the power supply. After this test, a high voltage)test
according to IEC 60664-1:2007, Tables F.1 and-F)5, shall be

'{:?fzgg(tzure performed between circuits and exposed conductive parts
- or accessible surfaces of the control unit/output signal

Relative humidity switching device.

(93 £3)%

7.1.11.5 Test No. 8.3 — Electromagnetic compatibility
For the requirements, see 4.2.7.4.

The safetytrelated requirements shall be verified using IEC 61000-6-2 only. Immunity shall be verified
for the follpwing states according to the test procedures, with the indicated characteristic values given
in Table 5 gnd with the stated conditions givenin-7.1.11.2:

— pressure-sensitive protective device with supply energy;
— pressure-sensitive protective device with supply energy plus applied actuating force;

— pressure-sensitive protective dévice with supply energy, after removal of the actuating force pnd
prior tp the execution of thereset.

Table 5 — Electromagnetic compatibility

Tests and characteristic values Test procedure
Surge, installation class 3 IEC 61000-4-5

power, earth and input/output lines

Efectrical fasttransients (bursty), level 3 [IEC 61000-4-%4

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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11.6 Test No. 8.4 — Vibration

the requirements, see 4.2.7.5.

3:2013(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

Test procedure Test conditions

7.1

7.1
For

Thd
givg

7.1

For

The
req
the
dirg
OFH

7.1
For

The
var
pre

[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.

12 Test No. 9 — Power supply variation

12.1 General

the requirements, see 4.2.8.

nin71.12.2 and 7.1.12.3.

12.2 Test No. 9.1 — Electrical power supply:variation

the requirements, see 4.2.8.2.

1irements given in [EC 60204-1:2005, 4.3. The function shall be checked using test piece

state of the output signal.switching device is produced.

12.3 Test No. 9.2 = Non-electric power supply variations
the requirements; see 4.2.8.3.

functioningof the pressure-sensitive protective device shall be verified at the limits of p
ations_stated by the manufacturer. Possible variations outside the stated range shall n
Esuressensitive protective device to fail to danger.

7.1.

7.1.

For

13.1 Test No. 10.1 — Electrical equipment

the requirements, see 4.2.9.

pressure-sensitive protective device shall be subjected to the analysis, inspection apd/or tests

normal function of the pressure-sensitive protective device shall be verified according to the

1 applied to

effective sensing surface with-the corresponding actuating force given in Table 2, in the¢ reference
ction, at the maximum operating speed at one random location. Each requirement is fuffilled if an

3\tNer supply
cause the

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.

For

©IS

13.2 Test No. 10.2 — Hydraulic equipment

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 ISO 4413
and ISO 13849-2 are met.

7.1.13.3 Test No. 10.3 — Pneumatic equipment

For the req

uirements, 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.

Mochanical acaziaiaa oz

7.1.13.4 T
For the req

It shall bgq
ISO 12100:;

7.1.14 Teq

For the req

It shall be
and 4.2.13,

7.1.15 Teq

The requir]
7.1.16 Tes

7.1.16.1 G
For the req

The forese

7.1.16.2 B
When perf
a)
b)
c)

length
test pi

test sp|

i
VICTIIAIITTar CquTpIIircInT

uirements, see 4.2.12.

verified, by inspection, analysis and, if necessary, testing, that the reqtirement
2010, 6.3.3 and ISO 13849-2 are met.

t No. 11 — Enclosure
uirements, see 4.2.13.

verified, by inspection, analysis and, if necessary, testing, that\the requirements of 4.2.
2 are met.

t No. 12 — Access

ement of 4.2.14 shall be verified by inspection.
t No. 13 — Performance-Level (PL) according to ISO 13849-1

eneral
uirements, see 4.2.15.

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

104 value for sensor,

brming the test, the-following frame conditions shall apply:
of test sample:at least 500 mm;

bce: No..k.according to Figure 5;

eed selectable based on the application;

of

—_

d) workir
e)

f)

measu

minim

5 tl dVC}. uu‘(i} SCTIISUIL L}ldllgt,
rement points: one from C1 to C5, or more freely selectable points from C1 to C5;

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

7.1.17 Test No. 14 — Adjustments

The requir

ements 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 requir

30

ements 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).

7.1.21 Test No. 18 — Sharp corners, sharp edges, rough surfaces and trapping

Thd requirements of 4.2.20 shall be verified by inspection.

7.1{22 Test No. 19 — Shock

The requirements of 4.2.21 shall be verified, by inspection, analysis and, if<necessary, [testing, in
accprdance with 7.3.1.

7.2| Verification of requirements for pressure-sensitive bumpers only

7.2]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
re 2 by applying test piece 1 (see Figure 3 and Tablé 2) to the sensor (see Figure 5) at th maximum
approach speed up to point A in Figure 2. If another test piece from Figure 3 or Figurel 4 is more
appjropriate for a particular application, it shall beitised instead. The reaction force of the senfor and the
distlance moved by the test piece shall be contituously measured from the point where th¢ test piece
toughes the effective sensing surface until the actuating force is reached. Points B1, B2 and C shall be
confirmed in accordance with Figure 2 by applying test piece 1 to the sensor ata speed <10 mm - s~1. The
forde-travel relationship can then be:shéwn by connecting points A, B1, B2 to C by straighfjlines. This
tesf shall be carried out at a representative location, e.g. in the centre of the effective sensing surface,
and|at a temperature of 20 °C.

7.2)2 Test No.21 — Additional coverings for sensors

ditional coverings‘ave specified by the manufacturer, then it shall be verified that the requirements
of 43.2 have been met.

7.2{3 Test No:22 — Recovery after deformation

The requirements of 4.3.3 shall be verified by inspection, analysis and, if necessary, testing.

Afterthe effective sensing surface of the sensor has been deformed or moved by the working tiravel using
test piece 1 (see Figure 5) for 24 h, the effective sensing surface shall recover as shown in Table 1. The
working travel in this instance is taken from test no. 4 with a test speed of 10 mm - s-1 at a 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

Figu

7.3 Veri

7.3.1 Teq

The requir

It shall be
accordancg

After the s

test direction

re 5 — Testlocation and test direction on surface of pressure-sensitive bumper

fication of requirements for pressure-sensitive plates only

t No. 24 — Shock
ements of 4.4.1 shall be verified by inspectidn, analysis and, if necessary, testing.

verified that the output signal switching device remains in the ON state during the tes
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.

hock test has-been completed, the normal functioning of the pressure-sensitive plate shal

verified an(d the préssure-sensitive plate shall be checked for mechanical damage, loose parts, etc.

7.3.2 Re

covery after deformation

I be

The requir

ements 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 sta

te 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.

32
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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.

7 4 4 TaockNa 20 Ackizalbina doflaooi: o, of el o caris, a
. TCSTINOTZ0U altuatng ac e ttoTr ot wiIT©

For|the requirements, see 4.5.5.

The test shall be carried out using a sample sensor with the maximum length of’wire stgted by the
manufacturer.

7.5 Other tests

7.5{1 TestNo.29 — Marking

Theg requirements of Clause 5 shall be verified by inspection.

7.5J2 Test No. 30 — Information for selection and use

Thd requirements of Clause 6 shall be verified by inspégtion.
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Annex A
(normative)

Timing diagrams for pressure-sensitive bumpers, plates, wires

and similar devices with /without reset

Figures A.1to A.4 shows the relationship between actuating force, reset signal and outputs of the senisor

and outpuf signal switching device (see 4.2.6).

Key

34

a
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i
I
d I
|
I
: |
I
A B C D E F G H t
tr
power fo pressure-sensitive protective.device e) output of output signal switching device(s)
actuatihg force t time
reset signal tr response time

sensor joutput

power fo pressure-sensitive protective device ON: output of output signal switching device remains in OFF
state b¢cause pressute-sensitive protective device not reset

reset a¢hieved: output of output signal switching device turns to ON state because sensor output turned O[N
due to pperatienof reset button without actuating force on sensor

outputjof oGtput signal switching device turns to OFF state because sensor output turned OFF due to
actuatihgforce on sensor

reset 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

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

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

reset achieved: 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

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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A B C D E F G H
tr
power to pressure-sensitive protective device t time
actuating force ty~ response time

reset signal
sensor output
output of output signal switching device(s)

power to pressure-sensitive protective device ON:'Dutput of output signal switching device remains in OFF

state because pressure-sensitive protective device not reset; sensor output turned ON when powe

reset signal achieved without actuating forgeyon sensor: output of output signal switching device 4
state due to operation of reset button whilé-sensor output turned ON

actuating force on sensor: sensor outpt turned OFF, turning output of output signal switching de
state

reset signal present: operation of reset button has no effect on output of output signal switching d|
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 switchir
remains in OFF state even’though reset signal still present

reset signal remoyed:telease of reset button has no effect on output of sensor, which remains ON;
output signal switehing device remains in OFF state

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

powertespressure-sensitive protective device OFF: output of output signal switching device turns
because sensor output turned OFF

r turned ON
urns to ON

yice to OFF
evice as

g device
output of
urns to ON

to OFF state

Figure A.2 — Sensor output independent of reset function

© IS0 2013 - All rights reserved

35


https://standardsiso.com/api/?name=181bf38fd948527b5e0c3a05dc729113

ISO 13856-3:2013(E)

36

power
actuati
reset si
sensor
power
output
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power
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[0 pressure-sensitive protective device e) output ofoutput signal switching device
hg force t time

onal tr response time

output

[0 pressure-sensitive protective device ON: sensor outpuit turned ON when power turned ON
of output signal switching device turns to ON state because no actuating force on sensor
hg force on sensor: sensor output turned OFF, turning output of output signal switching device to O

of output signal switching device turns telON state because sensor output turned ON due to remov
ng force from sensor

fo pressure-sensitive protective deviee is OFF: output of output signal switching device turns to OF
pcause sensor output turned OFF

FigureA,3 — Sensor output without reset function
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Key

The
conf

Asi
ISO
Itis
rest|

electrical output of sensor (air-pulse switch)

output of output signal switching device(s)

power to pressure-sensitive protective device ON

reset signal present: output of output sighal switching device turns to ON state

actuating force on the sensor: electridal output of sensor turned OFF, turning output of output sigral
switching device to OFF state
electrical output of sensor turis to ON state due to pressure decay in sensor

still applied —can lead to danger

rolled rate ofleakage of air from the system.

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

reset. T'he correct runctioning ot such controls shall be described 1n the relevant type-CL standards.

A B CD E CD t
tr
power to electrical circuits of pressure-sensitive protective dévice x) pressure pulse in sensoy
actuating force t time
reset signal tr  response time

reset signal present: output/of output signal switching device turns to ON state, although actuating force is

point at which “D%occurs will depend on a number of factors, for example the level of force applied and the
hdicated i 4.2.6.2, air-pulse systems are not considered to fulfil the requirements of category 1 acdording to

necessary for the control system of the machine to have its own safety system to ensure that no hagardous
hrtoccurs. On powered doors, for example, this can be in the form of automatic machine reversal of manual

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 B.1 gives the principle of operation only. For some pressure-sensitive protective devices, such as
example piressure-sensitive plates, the curve can have a different shape depending on the design.
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Key
travel, mm sensor before contact established stopping travel of machine
force, N point of contact actuating travel
point of actuation overtravel

lowest actuating force

X

Y

1 reference forces
2

3 hazard speed
4

sensor

it BN ¢ B o P o I o nil 5]

deformation at point B2
deformation at point C

reaction force

Forces are related to test piece 1 of Table 2 and are examples only.

working travel
total travel

Figure B.1 — Force-travel relationship for pressure-sensitive protective devices
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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.

Overtravel and total travel

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

maximum permissible force specified by the supplier and selected by the user for an

application

shiould be Iess than the relerence force according to the type-C standard or the 15K asse
should occur within the overtravel. See Figure B.2.

sment and

Anymber of factors can cause the maximum permissible force to be exceeded, any of whichi¢an lepd to injury

due

to excessive force acting on the body part concerned when no further sensor deformation is|possible.

EXAMPLE Brake deterioration (age), extended response time, mechanical wear, ‘inicreased hazaild speed.

Dep

where the travel is deliberately restricted) or infinitely large (i.e. whérethe plate is design
conjpletely out of the way).

Ina

forde can be influenced by, e.g. the duration of application ofithe’force, the dimensions of the

mat

tho

Thd

be applications where children or elderly persons arete be protected.

Burhpers are used to protect a person who may efiter the path of the moving enclosure.

ending on the design, the overtravel for pressure-sensitive plates—ean be either very| small (i.e.

bd to move

[l applications, the force exerted on a person should be kept t@:@ minimum. The maximum germissible

sensor, the

erial of the sensor and the body parts being protected. Special consideration should lpe given to

moving power transmission elements and tools\are protected with fixed and interlocled guards.

Key
1 direction of travel b overtravel d  overall bumper heigh
a  actuating travel c total travel
Figure B.2 — Example of bumper mounted on woodworking machine
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C1 Ap

Annex C
(informative)

Design guidance

lication note
HEAE

This anne;
ignoring th
as finally ¢

TOTITTOUTT

k gives some guidance on the design of pressure-sensitive protective devices. Howe
is design guidance does not necessarily mean that the pressure-sensitive protective de
pnstructed will be unsafe.

C.2 Ge

C.2.1 Frequency of operation

Pressure-sensitive protective devices are frequently used in applications‘where they are not actus

for many

Conversely
frequently

C.2.2 Co

Componen
e.g. with p1

C.2.3 Effects of liquid

Where cony
be made of]

C24 Pr

The profile

C.2.5 Se

Sensors ca
also parts

ral

onths. However, when they are actuated, they should work'safely.

some pressure-sensitive protective devices are used on applications where they
activated. This can sometimes result in a change of sensitivity over time.

Inponents

s of pressure-sensitive protective devices.should be fully protected from foreseeable dam
otective sheaths.

ponents can come into contagt with liquids such as oils, chemicals or water, the sensor sh
suitable materials which will not corrode, degrade or swell, resulting in a loss of sensitiy

bfile material

material of the Senisor should withstand the operating duty and environmental conditio

nsor sensitivity

h havecertain parts of the pressure-sensing surface which are less sensitive than others
vhich'Can be more easily damaged than others. Sensitivity can be reduced near the connec

Ver,
Vice

ted

are

hge,

uld
ity.

and
fion

point with

ineoming cables, tubes, fibres or leads and at points where contact elements are held apa

L.

C.2.6 Use of position detection switches

Where position detection switches are used, e.g. as a part of the sensor of pressure-sensitive plates or

pressure-s

perma

excess

40

ensitive bumpers, the following design characteristics should be considered:

displacement or removal of the sensor;

nent deformation of the top surface due to overloading;

sticking of position detection switches due to infrequent use;

ive wear or misalignment of cams on cam-operated systems;
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position detection switches becoming loose on brackets causing misalignment.

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 manufactured in
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 having rigid
sensors with respect to the prevention of trap points. Where possible, gaps which close when the sensor
is deflected/displaced should be eliminated at the design stage. If there is a gap which reduces when the

sen
tra

C.2

Aftg
des

Ifth
sho
dev|
by t

Aut|

C.2
sen

Wh
sha

C3

C.3

Bur
lead
in H

Bur

br the pressure-sensitive sensor has been actuated, the control system @f-the machin

or is moving or being deflected/displaced, the gap should remain large enough to avoid.|
ping hazard.

8 Result of sensor actuation

gned to
stop the machine, or
reverse the direction of machine motion.

e machine has been stopped through the actuation of a pressure-sensitive sensor, an auto
11d not be possible. Restarting the machine should be possible only after manual operatio
ice. The reset can be provided by the control system-of the pressure-sensitive protectiv]
he control system of the machinery.

pmatic reset may be possible, depending upon.the application and the risk assessment.

becoming a

Ery can be

matic reset
n of a reset
e device or

9 Use of pressure-sensitive protective devices as combined trip and presence-

sing devices

b a pressure-sensitive protective device is used as a combined trip and presence-sensipg device it

1 perform the trip function. Reset shall not be possible as long as a person is presentin the h

Pressure-sensitive bumpers

1 General

hzard zone.

hpers are generally made in two forms: either of foam or rigid surfaces. They can be instdlled on the
ing edge oflamachine or wrapped around to include the sides. Examples of foam bumperdare shown

igures G.4.and C.2.

hpets'designed in accordance with Figure C.1 are generally used where the movementis i

h a straight

ling

. See Figure B.2.

Bumpers designed in accordance with Figure C.2 are used when the movement is multidirectional. This
is the case on a vehicle turning a corner.
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Key

1 mounting surface

Key
1 mountin

Figure C.1 — Foam bumper

g surface

Figure C.2 — Foam bumper

C.3.2 Phjysical effects

Ingress of

material (either in small or large partieles), vermin or fluid, which can be present in the ¢

in which the pressure-sensitive protective device is to be used, can cause the sensor made of flex

foam to de

It is possib
inspection
pressure-s
the gap ang
to ensure t

C3.3 Pr

On some d
an air gap
springs, in
these comj

brade or to lose its sensitivity.

e that a very small hole in the.surface of the flexible foam remains undetected during reg
However, the hole can be-sufficiently large to allow fluid penetrating into the interior of
ensitive bumper. The largerthe pressure-sensitive bumper, the more fluid or dirt can get
| form a barrier whichprevents the sensor from being actuated. Conversely, it can be desir
hat fluids can escape)ffom a pressure-sensitive bumper by or through a suitable porous a

pssure-sensitive bumpers with electric sensors

rea
ible

1lar
the
nto
hble

rea.

bsigns, electric contact elements are used. The contact elements are normally separate

culating pads or a resilient foam. Consideration should be given to the effects of failu

by

which Ys*closed when pressure is applied to the surface. The air gap may be maintained by

of

ponents, e.g. failure should not result from parts breaking off and moving around insigle a

pressure-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.

42 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=181bf38fd948527b5e0c3a05dc729113

ISO 13856-3:2013(E)

C.3.5 Pressure-sensitive bumpers with position-detection switches

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

A rupture/puncture, such as a tear or a hole in an air-pulse sensor or its connecting elements, can
lead_to the instantaneous loss of the safety function. In this case the control unit shquld detect
such rupture/puncture and maintain the output signal switching device in the OFF stat¢ while the
rupfure/puncture exists. This can be achieved with a system which regularly checks-the integrity of
the[system. The output signal switching device should remain in the OFF state until|manyal reset by
authorized personnel.

With some air-pulse sensors, the deformation of the sensor profile causes@,pressure rige which is
tramsmitted along a tube to an air pressure switch. If the system does not have a constantly maintained
air pressure, the following faults can occur.

— |Damage such as cuts or permanent deformation of the profile williot 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 approacl speed.

— |The reaction time is extended when a long connecting tube is used between the sensor pnd the air
pressure switch.

— |Mostair pressure switches include an air “bleed” to compensate for changing ambient cqnditions. If
this air bleed becomes blocked, the pressuire-sensitive bumper can fail to operate.

— | The setting of the air bleed will depend tpon the cross-section of the sensor profile, the lgngth of the
sensor, the material of the sensoriand the temperature range of the application. See 4.2.16.

— |If the air bleed is too large, thé sensitivity of the pressure-sensitive bumper is reduced.

— |Ifthe sensor is compresséd’so that alarge proportion of the internal air is expelled, a partfial vacuum
is created when the senser is released. This vacuum can severely reduce the sensitivity of the sensor
or prevent its immediate re-actuation.

C.3|7 Pressure=-sensitive bumpers with dynamic sensors

Sevpral technologies make use of dynamic sensing such as air-pulse or light-pulse monitoring. The effect
is t¢ reguldrly check the state of the system so that any failure results in the output signal] switching
devjice gding to the OFF state. The output signal switching device should remain in the OFF|state until
malllual reset by authorized personnel.

The system can also be used to set a pre-determined level of sensitivity which is re-set with every 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;

— seizing-eftheguides:
C.3.10 Pressure-sensitive bumpers mounted on moving and stationary parts of machinery

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

The followling remarks apply to all applications where the pressure-sensitive burfiper is mounted on
the moving part of the machine, e.g. the leading edge of a power-operated door. (see Figure C.3), ot an
automated|guided vehicle.

~

A

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

There are [several important considerations to be taken into account in the risk assessment of|the
machine and in thesélection, design and application of a pressure-sensitive bumper when it is mounted
on moving|machittery.

Since the raccura.cancitiva humnar datacte tha narcan (ar athaor chotacla) anly aftar tha narcan has
pressure-sensitive bumper detects the p { ) onlya epe

already made contact with it, it is essential that

— 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=181bf38fd948527b5e0c3a05dc729113

C.3.

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.

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,

Ins
spe

C.3

Wh
safe
cas

the energy dissipated on impact,
the risk of crushing, and

the stability of any load carried by the machine.

bd to an acceptable level before contact is made.

11 Stationary pressure-sensitive bumpers

bn a stationary pressure-sensitive bumper (see Figure C.4)+4s‘actuated, the machine shal
state before harm can be caused through contact with the'moving part of the machine. I

e, then the guidance given in C.3.10 applies to stationary.pressure-sensitive bumpers als¢.

bme cases it is required to set a second (non-contact) safeguard aside which will reduce thie approach

arrive ata
f this is the
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