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reword

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.

Intd

The
Staal
Puh
cas

Atte
pa

ISO

—t

lication as an International Standard requires approval by at least 75 % of/the me
ing a vote.

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all 'such patent rights.

13856-2 was prepared by Technical Committee ISO/TC 199, Sdfety of machinery and b}

Committee CEN/TC 114, Safety of machinery in collaboration.

Thi

5 second edition cancels and replaces the first editien”(ISO 13856-2:2005), which

technically revised.

ISO
pro

13856 consists of the following parts, under the general title Safety of machinery — Pressu
Lective devices:

Part 1: General principles for design and testing of pressure-sensitive mats and pressure-sen
Part 2: General principles for design and-testing of pressure-sensitive edges and pressure-se

Part 3: General principles for design and testing of pressure-sensitive bumpers, plates,
similar devices

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Diregtives, Part 2.

main task of technical committees is to prepare International Standards. Draft Infernational
ndards adopted by the technical committees are circulated to the memberybodies [for voting.

er bodies
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Introduction

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

a)

aspects that can be applied to all machinery;

b)

that can be used across a wide range of machinery:

This docun
The requir]

For machin
according t

The safegu

These means include guards which prevent access to the hazard zone by means of a physical ban

(for examp
protective
pressure-s

Type-C standards makers and designers of machinery/installations should consider the best wa

achieve thg
risk assess

Therequir
supplier ar
their decis

Pressure-s
device type
6.3.1and 6

Pressure-s
different ¢
chemical e
to a safe cg

lar machine or group of machines.

nent is a type-B2 standard as stated in ISO 12100.
ements of this document can be supplemented or modified by a type-C standard.

es which are covered by the scope of a type-C standard and which have been designed and &
o the requirements of that standard, the requirements of thdt type-C standard take precede

arding of machinery (see ISO 12100:2010, 3.21) can be*achieved by many different me

le, interlocking guards according to ISO 14119 orfixed guards according to ISO 14120)
devices (for example, electro-sensitive protegtive equipment according to IEC 61496-
ensitive protective devices according to thisipart of ISO 13856).

required level of safety taking intgraccount the intended application and the results of]
ment (see ISO 12100).

bd solution can also be to combine several of these different means. The machinery/installa
d the user examine together carefully the existing hazards and constraints before mal
on on the choice of safeguarding.

ensitive edges and¢pressure-sensitive bars are safeguards of the mechanically-actuated
. General requiremeénts for these safeguards (as well as others) are given in ISO 12100:2
.3.2.

ensitive edgés and pressure-sensitive bars are used in a wide range of applications v
pnditiensvof use relating, for example, to extremes of loading or electrical, physical
hvironments. They are interfaced with machine controls to ensure that the machine revi

Type-A standards (basic safety standards) giving basic concepts, principles for design, and general

Type-B standards (generic safety standards) dealing with one safety aspect or one type of safeguard

se);

uilt
nce.

hNs.
rier
and
| or

y to
the

[
i

on
ng

trip
D10,

vith
and
brts

ndition if the sensitive protective equipment is actuated.

This part of ISO 13856 is restricted to the design of pressure-sensitive edges and pressure-sensitive
bars so that they can be used when the risk assessment carried out by the machine manufacturer and/or
relevant type-C standard, when available, shows this to be appropriate.

Pressure-sensitive edges and pressure-sensitive bars can be fitted to a fixed or moving part of a machine
or an obstacle to prevent trapping or crushing hazards from another part of a machine. Pressure-
sensitive edges and pressure-sensitive bars are designed, selected, installed and/or interfaced with the
control system of the machine so that the force/pressure applied to a person or parts of the body do not
exceed certain limits.

Pressure-sensitive edges, pressure-sensitive bars, pressure-sensitive bumpers and similar devices have
many similarities. Table 1 summarizes the differences which generally apply between the two types of
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pressure-sensitive protective devices covered by this part of ISO 13856 and pressure-sensitive bumpers
(covered by ISO 13856-3 and gives guidance for their application).

Table 1 — Characteristic features of pressure-sensitive edges, pressure-sensitive bars
and pressure-sensitive bumpers

Pressure-sensitive edge

Pressure-sensitive bar

Pressure-sensitive

Cross-section bumper
Regular Regular Regular/irregular
Length/width ratio >1 Any ratio Any ratio
Eff¢ctive sensing sur- Deforms locally Moves as a whole Deforms locallly and/or
face moves-as'a ywhole
Bodly part(s) intended Finger Finger —
to he detected Hand Hand Hand
Arm Arm Arm
Leg Leg Leg
Head Head Head
Torso Torso Torso

© IS0 2013 - All rights reserved
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INTERNATIONAL STANDARD

ISO 13856-2:2013(E)

Safety of machinery — Pressure-sensitive protective
devices —

Part 2:
General principles for design and testing of pressure-

semsitive edges and pressure-sensitive bars |

Reqg
of a

Add
are

2

Scope

5 part of ISO 13856 establishes general principles and specifies requirements for the
ing of pressure-sensitive edges and pressure-sensitive bars used as safeguards and not a|
ices for normal operation.

5 part of ISO 13856 is applicable to pressure-sensitive edges and\pressure-sensitive ba
hout an external reset facility, used to detect persons or body parts that can be exposed
n as those caused by the moving parts of machines.

not applicable to

determining the suitability of a pressure-sensitive edge or pressure-sensitive bar for 4
safeguarding application,

selection of an appropriate performance level for safety-related parts of control systemj
other than to give minimum values,

dimensioning or configuring of the effective sensing area of pressure-sensitive edges o
sensitive bars in relation to any particular application,

stopping devices accordingto 1EC 60204-1 used only for normal operation, including
stopping of machinery.

uirements for the infermration to be provided by the manufacturer are given to assist in th
suitable pressure-sensitive edge or pressure-sensitive bar and its application.

itional requirements can be necessary where pressure-sensitive edges or pressure-sern
used in location’s accessible to elderly or disabled people or children.

Normative references

Hesign and
K5 actuating

rs, with or

to hazards

particular

(SRP/CSs)

" pressure-

emergency

e selection

sitive bars

Thd

following documents, in whole or in part, are normatively referenced in this documsd

nt 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

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

[SO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

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

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

© IS0 2013 - All rights reserved
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IEC 60068-
IEC 60068-
IEC 60068-
IEC 60068-

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

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

IEC 60529,

Degrees of protection provided by enclosures (IP code)

IEC 60664
requiremer

IEC 60947
switching e

IEC 61000
Electrostat

IEC 61000-
Radiated, r|

IEC 61000+
Electrical fi

IEC 61000+
Surge immt

IEC 61000+
Immunity ¢

IEC 61000
industrial 4

IEC 61439

3 Terms and definitions

For the pu
following 3

31
pressure-

1:2007, Insulation coordination for equipment within low-voltage systems — Part 1: Pringi]
ts and tests

5-1:2003, Low-voltage switchgear and controlgear — Part 5-1: Control circuit\devices
lements — Electromechanical control circuit devices

ic discharge immunity test

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

4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testig and measurement technique
st transient/burst immunity 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 — Immunity
nvironments

1:2011, Low-voltage switchgear and controlgear assemblies — Part 1: General rules

‘poses of this document, the terms and definitions given in ISO 12100, ISO 13849-1 and
pply.

sensitive edge

sensitive
Sensors a

ET(Vi a‘control unit and one or more output signal switching devices (3.5) intended to de

otective equipment of the “mechanically activated trip” type comprising a sensor (3.3

4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measuting techniquef

les,

and

the

or
Lect

contact wifh-@person or body part of a person and where the effective sensing surface (3.9) is deformed

locally to a

ctuate the sensor(s)

Note 1 to entry: The sensor or sensors generate(s) a signal when pressure is applied to part of its surface. The control
unit responds to the signal from the sensor and generates an output signal(s) to the control system of a machine.

Note 2 to entry: The length of the sensor(s) is greater than the width. The cross-section throughout the pressure-
sensitive area is constant and its width is usually within the range from 8 mm to 80 mm.

Note 3 to entry: For the definition of sensitive protective equipment see ISO 12100:2010, 3.28.5.

© ISO 2013 - All rights reserved
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3.2

pressure-sensitive bar

sensitive protective equipment of the “mechanically activated trip” type comprising a sensor (3.3) or
sensors and a control unit and one or more output signal switching devices (3.5) intended to detect
contact with a person or body part of a person and where the effective sensing surface (3.9) moves as a
whole to actuate the sensor(s)

Note 1 to entry: The sensor or sensors generate(s) a signal when pressure is applied to part of its surface. The control
unit responds to the signal from the sensor and generates an output signal(s) to the control system of a machine.

Note 2 to entry: The length of the sensor(s) is greater than the width. The cross-section throughout the pressure-
sen§itive area 1s constant and 1ts width 1s usually within the range from 8 mm to 80 mm.

Note 3 to entry: For the definition of sensitive protective equipment see ISO 12100:2010, 3.28.5.

3.3
senjsor
parfofthe pressure-sensitive edge (3.1) or pressure-sensitive bar (3.2) which genetates a signal in response
to spfficient pressure applied to part of its surface

Note 1 to entry: 3.3 to 3.5 define the functional components of a pressure-Sensitive edge or pressure-sensitive
bar.|These functions can be integrated into a single assembly or can bekcontained in any number|of separate
assgmblies (see Figure 1). For example, a simple pressure-sensitive edge’or pressure-sensitive barfactuating a
position switch can be considered to be the sensor, the control unit,atrd the output signal switching ¢levice.

3.4
conftrol unit
parf of the pressure-sensitive edge (3.1) or pressure-sensitive bar (3.2) which responds to the dondition of
thesensor (3.3) and generates output signals to the*tnachine control system

Note 1 to entry: 3.3 to 3.5 define the functional components of a pressure-sensitive edge or pressure-sensitive
bar.|These functions can be integrated into a single assembly or can be contained in any number|of separate
assgmblies (see Figure 1). For example, a simple pressure-sensitive edge or pressure-sensitive barfactuating a
position switch can be considered to be the-sensor, the control unit, and the output signal switching ¢levice.

3.5
output signal switching device
parf of the control unit of a pressure-sensitive edge (3.1) or pressure-sensitive bar (3.2) which i connected
to the machine control system and transmits output signals

Notg¢ 1 to entry: 3.3 to 35ydefine the functional components of a pressure-sensitive edge or pressufre-sensitive
bar.|These functions €air be integrated into a single assembly or can be contained in any number|of separate
assgmblies (see Figlure1). For example, a simple pressure-sensitive edge or pressure-sensitive barfactuating a
position switch canrbe considered to be the sensor, the control unit, and the output signal switching ¢levice.

3.6
ON [state

stafle/in which the output circuit(s) of an output signal switching device (3.5) is complete and Irermits the
flox' ; af current or fluid

3.7

OFF state

state in which the output circuit(s) of an output signal switching device (3.5) is broken and interrupts the
flow of current or fluid

3.8

actuating force

any force applied to the sensor (3.3) which causes an output signal switching device (3.5) to go to the
OFF state (3.7)

© IS0 2013 - All rights reserved 3
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3.9

effective sensing surface

part of the surface of the sensor (3.3) or a combination of sensors within the effective sensing angle (3.12)
and the effective sensing length (3.10) where the application of an actuating force (3.8) creates an OFF
state (3.7) in the output signal switching device (3.5)

Note 1 to entry: See, for example, Figures 2 and 3.

3.10
effective sensing length
length of the effective sensing surface (3.9)

3.11

reference
line in the
sensorisu

axis
direction of the length of the sensor (3.3), whose position in the cross-sectional, view of
sed to define the effective sensing surface (3.9)

the

Note 1 to enftry: See Figures 2 and 3.

3.12
effective sensing angle

angle aroupnd the reference axis (3.11) which limits the effective sensing surface (3.9) along the effed
sensing length (3.10)

tive

Note 1 to enftry: See Figures 2 and 3.

3.13

reference (direction

direction of actuation, from a point on the effective sensing.surface (3.9) towards the reference axis (3
which bisefts the effective sensing angle (3.12) and is perpendicular to the reference axis

=

1),

Note 1 to enftry: See Figures 2 and 3.

3.14
dead surface
part of the[surface area of the sensor (3.3) outside the effective sensing surface (3.9)

Note 1 to enftry: See Figures 2 and 3.

3.15
pre-travel
distance tr|

pvelled by an objett moving in a direction perpendicular to the reference axis (3.11) and inthe

axis of the
surface (3.
specified c

applied actuating force (3.8), measured from where this object touches the effective sen
D) to wherésthe output signal switching device(s) (3.5) changes to an OFF state (3.7) uq
pndition$s

5ing
der

Note 1 to eTry: Sée Figure 4.

3.16
working travel

distance travelled by an object, moving in a direction perpendicular to the reference axis (3.11), from
where this object touches the effective sensing surface (3.9), under specified conditions, to where a stated

limit force is exerted on the object
Note 1 to entry: See Figure 4.

3.17

overtravel

difference between the working travel (3.16) and the pre-travel (3.15) when both are measured with
same object applied under the same conditions

Note 1 to entry: See Figure 4.

4

the

© ISO 2013 - All rights reserved
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3.18
force-travel relationship

relationship between force applied perpendicular to the reference axis (3.11) and the distance travelled

by a specified object perpendicular to the reference axis under specified conditions
Note 1 to entry: See Figure 4.

3.19
reset

function which permits an ON state (3.6) in an output signal switching device (3.5) provided that certain

conditions are met

Note 1 to entry: See Annex A.

3.2

total travel

moyement or deformation of the effective sensing surface (3.9) of a pressuré-sensitive ed
pressure-sensitive bar (3.2) which is measured in the direction of the actuating.force (3.8) fro
of cpntact to the point at which no further significant deformation of the effective sensing sur
(e.g} at a force of 600 N)

3.2

startinterlock

megns which prevents the startofan automatic machine when power (e.g. the electrical supply)
on to the pressure-sensitive edge (3.1) or pressure-sensitive bar{3.2), or is interrupted and rest

3.2p
opdrating speed
any| speed at which an object is pressed against the sensor (3.3) and which causes the oy
swifching device (3.5) to go to the OFF state (3.7)

ge (3.1) or
I the point
face occurs

js switched
ored

tput signal

© IS0 2013 - All rights reserved
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Key $

1 pressyire-sensitive edge or pressure-sensitive bar A’\Q)

2 sensol(s) \O

3 contrgl unit* . C\)j“

4 outpult signal switching device(s)* C)\

5 part of the machine control system for pressure-sensitive edge or pressure-sensitive bar output signal
procepsing @E

a Actuating force. C)O

b Sensof output signal. O :

c ON state/OFF state sign%\

d Manuhl reset signal**Q

e Resetfsignal from ine control system (where appropriate).

f Monitpring si (optional).

g Manugl re ignal to machine control system***,

h

Mach1r1€jo trol system(s).
Can be Tocated within the machine control system or as part of the machine control system.

*

**  Where appropriate, this may be used as an alternative to g.
*#*  Where appropriate, this may be used as an alternative to d.

Figure 1 — Systematic sketch of pressure-sensitive edge or pressure-sensitive bar as
applied to machine

6 © IS0 2013 - All rights reserved
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4 Requirements for design and testing

4.1 Effective sensing surface

NOTE For the purposes of this partof ISO 13856, “normal operation” means compliance with the requirements
of Clause 4, verified according to Clause 7.

The manufacturer of the pressure-sensitive protective device shall state the effective sensing surface
by giving the dimensions X, Y, Z, the angles a and 8 and the effective sensing length L in accordance with
FigyresZamd3:

The effective sensing angle of pressure-sensitive protective devices with heights™(see| Figure 2)
X+ 240 mm shall be 2 90°.

The effective sensing angle of pressure-sensitive protective devices with heightsX>+ Z < 40 im shall be
at I¢ast 40°.

If the effective sensing angle is less than 90°, a clear warning shall be given in the informatfion for use
(seq Clause 6).

b) Symmetrical without dead surface at ends

© IS0 2013 - All rights reserved 7
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Key

=W K &~ N P

refer¢nce direction
refer¢nce axis

effec

see 7{5.2
- . .
effectiive sensing surface

|:| dead

effecIve sensing length

d) Asymmetrical without dead-surface at ends

ive sensing angle

surface

Figure2 — Effective sensing surfaces of pressure-sensitive edges

© ISO 2013 - All rights reserved
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Key

1 reference direction

2 reference axis

L effective sensing length
a effective sensing angle
B see 7.5.2

% effective sensing surface

|::| dead surface
Figure 3 — Effective sensing surfaces of pressure-sensitive bars

4.2| Actuating force for testing

Lo AV
/.U,

F ) 4= 4 4] | Lo A |
oreme—test IIITLITUUS, STT /7. J dllu

CAUTION — The forces specified in this subclause are primarily intended for the purposes of
assessingthe pressure-sensitive performance of the device. These forces should notbe considered
as safe forces (see Annex C and ISO 14120:2002, 5.2.5.2 for guidance).

The sensor of the pressure-sensitive edge or pressure-sensitive bar shall generate an output signal
sufficient to cause the output signal switching device to change to the OFF state when the specified
minimum actuating force(s) is applied. This requirement shall be met when the actuating force(s) is
applied perpendicular to the reference axis. The actuating force shall not exceed those specified in
Table 2 when applied at the test speeds (from minimum to maximum operating speeds) over the effective
sensing surface and over the operating temperature range with the sensor in the mounting orientations
which the manufacturer has specified are suitable for use.

© IS0 2013 - All rights reserved 9
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Table 2 — Relationship between test pieces and actuating forces

Test piece (see Figure 5) 1 2 3
Actuating force (N) 150 600 50

Test piece 3 shall be applied only to pressure-sensitive edges or pressure-sensitive bars that are designed
to detect fingers.

4.3 Pre-travel

For the tesfmethod, see 7.7.2.

The pre-travel shall not be more than that stated by the manufacturer.

4.4 Working travel
For the tesf method, see 7.7.3.

The working travel shall not be less than that stated by the manufacturer.

4.5 Overtravel
For the tesf method, see 7.7.4.

The overtrpvel shall not be less than that stated by the manufacturer.

4.6 Forde-travel relationships
For the tesf method, see 7.7.1

The manuffacturer of the pressure-sensitive edge or pressure-sensitive bar shall provide force-travel
relationshilp data for a representative sample in‘the form of a diagram as shown in Figure 4. This data
shall be determined with the force applied(through test piece 1 (see Figure 5). The manufacturer shall
state the t¢gmperature, the operating speed(s), the mounting orientation and the direction of operafion
at which tHe data was determined.

Each diagrpm shall show as a minimum:
— the acfuating force and pré>travel (point A in Figure 4);

— the working travel forareaction force of 250 N (point B1 in Figure 4, see NOTE 2) or a force as stated
in the type-C standard (see NOTE 3);

— the wqrking travel for a reaction force of 400 N (point B2 in Figure 4, see NOTE 2) or a forcg as
stated|in the/type-C standard (see NOTE 3);

the for atraugnl palati ool b o
A>3 travilt \'luLlUllJlllP dauvuuve

400 N for aszananla 1o b0 2NN N
“TOUTN TOT Tt prt o p—Tto—Ouvu

NOTE1 The directions of operation to be considered depend upon the intended application of the pressure-
sensitive edge or pressure-sensitive bar.

NOTE 2  See Introduction and Annex C concerning acceptable forces.
NOTE 3 Thereactionforces 250 N,400 N and 600 N are given as examples only. When the maximum permissible

force is provided in a type-C standard, the working travel is obtained from the corresponding point on the force-
travel curve shown in Figure 4.
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600 N
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B2/
400 N
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1 /
B1 /
250 N =
A __—7
2
0
c d b
\ \
e
\
f
\
g
\
h
\

pre-travel (actuating point and.actuating force at maximum operating speed)
working travel (e.g. force—fravel points B1 and B2 occur at force of 250 N or 400 N at operating s
<10 mm - s-1)

total travel (e.g. occurs.at 600 N at operating speed of <10 mm - s~1)
reference force

lowest actuating force

Force, in riewtons (N).

Travelpin/millimetres (mm).

Pre-travel.

Oyertravel at 250 N.

peed of

Working travel at 250 N.
Overtravel at 400 N.
Working travel at 400 N.
Total travel.

NOTE Test piece 1 according to Figure 5 is used to apply the forces.

Figure 4 — Diagram of force-travel relationship
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Dimensions in millimetres/Tolerance on radii + 0,2
a

/

T

f R,
$80 0,2 Y

30 +

Ra 3,2

a) Test piece 1

L5305

I+ re— 1

Ra 32

400 £0,5

b) Test piece 2

SN
N
-

$20 £0,2

Ra 372

80,+0,5

c) Test piece 3

a  Mountjng proposal only.

Figure 5 — Test pieces 1 to 3 (see 7.3)

4.7 Minimmum operating speed
For the test method, see 7.6.

The minimum operating speed shall not exceed 10 mm - s-1.

4.8 Number of operations

For the test methods, see 7.8.
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4.8.1 General

The requirements for 4.8.2 and 4.8.3 apply to pressure-sensitive edges and/or pressure-sensitive bars
in order for them to be accepted as well-tried components.

4.8.2 Single sensors
For the test method, see 7.8.1.

After 10 000 operations the pressure-sensitive edge or pressure-sensitive bar shall have no defects
affecting the safety performance (see 7.8.3). This requirement applies to single sensors used alone or in
conjbination (see 4.8.3).

4.8)]3 Combination of sensors
Forfthe test method, see 7.8.2.

Where the effective sensing surface comprises of more than one sensor, after @further 1 000|operations
at gach joint the pressure-sensitive edge or pressure-sensitive bar shall~have no defects afffecting the
safgty performance (see 7.8.3).

4.9 Sensor output
For|the test method, see 7.9.

The sensor output shall have a value which causes the output signal switching device to changg to the OFF
statle when the actuating force is applied perpendiculartéthe reference axis to the effective sensfng surface.

4.10 Response of output signal switchingidevice to actuating force

For|the test methods, see 7.9 and 7.10.

4.10.1 Systems, where sensor output remains in OFF state for as long as actuating force|is applied

When the minimum actuating.force is applied perpendicular to the reference axis the oufput signal
swifching device shall change from an ON state to an OFF state and it shall remain in the JFF state at
leagt as long as the actuatingforce is applied.

See|Annex A.

4.10.2 Systems where sensor output does not stay in OFF state when actuating force remains

When the miinimum actuating force is applied perpendicular to the reference axis, the ouftput signal
swifching,device shall change from an ON state to an OFF state. Since the output switching|device can
revertte an ON state when the actuating force remains, additional protective measures aife required
to dnsure that there is no hazard. The output signal switching device may only revert to the ON state
when a reset signal is applied (see Annex A) or when additional safety measures are taken, e.g. automatic
reversal of hazardous movement. Such additional measures shall be stated in information for use, see 6.3.

See Annexes A and G for systems which are relevant to particular applications.

4.11 Reset function
For the test method, see 7.10.

The reset function of a pressure-sensitive edge or pressure-sensitive bar shall fulfil the general
requirements of ISO 13849-1:2006, 5.2.2 and the functional requirements of Annex A.
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To reset a start interlock or the restart interlock of a pressure-sensitive edge or pressure-sensitive bar,
the reset signal shall be applied

either

directly to the control unit of the pressure-sensitive protective device, or

— via the machine control system.

When man

ual reset is provided, it shall function according to Annex A and ISO 13849-1:2006, 5.2.2.

4.12 Environmental conditions

For the tes

4.12.1 Ge

Thepressu
conditions

4.12.2 Cli
For the tes

The presst
following ¢

[ methods, see 7.11.

heral

‘e-sensitiveedge orpressure-sensitivebarshall continueinnormal operationinthéenvironme
Gtated by the manufacturer. The minimum requirements are stated in 4.12.24e4.12.5.

matic conditions

I methods, see 7.11.2 and 7.11.3.

Ire-sensitive edge or pressure-sensitive bar shall continue in normal operation under
limatic conditions.

The

nimum temperature range shall be + 5 °C to + 40¢°C. If the manufacturer states that

pressure-sensitive edge or pressure-sensitive bar is suitable for a wider temperature range, the

After
shall c
mainta

4.12.3 El¢g
For the tes

The presst
conditions

NOTE ’

4.12.4 Vil

For the tes

m
shall \:{

eet this requirement over the stated temperatute range (see 7.11.2).

torage at a relative humidity of 93 % and at'@temperature of 40 °C for four days, the sys

ined (see 7.11.3).

ctromagnetic compatibility
 method, see 7.11.4.

Ire-sensitive edge or_pressure-sensitive bar shall continue in normal operation under
given in Table 13.

'he pressure-sensitive edge or pressure-sensitive bar can be designed to provide a higher immunity |

ration

I method, see 7.11.5.

ntal

the

the
nit

fem

bntinue in normal operation (see 7.11) and'the integrity of the electrical insulation shalll be

the

bvel.

The pressu

re-sensitive edge or pressure-sensitive bar shall continue to operate without being actud

ted

by the following vibration conditions in accordance with IEC 60068-2-6:

freque

sweep

ncy range 10 Hz to 55 Hz;

displacement 0,15 mm;

10 cycles per axis;

rate 1 octave per minute.

After this vibration test, the pressure-sensitive edge or pressure-sensitive bar shall continue in
normal operation.

14
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4.12.5 Bump
For the test method, see 7.11.6.
The pressure-sensitive bar shall continue to operate without being actuated by the following conditions.

The requirements apply to the sensor of bars in the reference direction and opposite direction only and
shall be in accordance with IEC 60068-2-27:

— peak acceleration: 100 m - s—2

aaxcadtios Ll o o loa 14 0
qaratonortie poarsty TOTITS

— fprm of the pulse: half sine
— fjumber of pulses per direction: 1000
— frequency approximately: 1 Hz

The pressure-sensitive bar shall continue to operate without being actuated under the above ponditions.
After this bump test, the pressure-sensitive bar shall continue in nornral~eperation.

4.13 Power supply variations

4.18.1 General

Thepressure-sensitive edge or pressure-sensitive bar shall continue in normal operation when subjected
to the power supply variations given in 4.13.2 and 4:03.3.

4.1B.2 Electrical power supply variations
For|the test method, see 7.12.2.

Thejpressure-sensitive edge or pressuressensitive bar shall meet the requirements of [EC 6020441:2005, 4.3.

4.1B.3 Non-electrical power.supply variations
For|the test method, see 7.12.3.

The pressure-sensitivé)edge or pressure-sensitive bar shall continue in normal operdtion when
subjected to power-supply variations as stated by the manufacturer and in accordance with the relevant
reqpirements of 18O 4413 for hydraulic systems and [SO 4414 for pneumatic systems.

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

Poweérsupply variations outside the stated range shall not result in failure to danger.

4.14 Electrical equipment

For the test method, see 7.13.1.

4.14.1 General

The electrical equipment (components) of the pressure-sensitive edge or pressure-sensitive bar shall
— conform to the appropriate existing International Standards,

— Dbe suitable for the intended use, and

— be operated within their specified ratings.
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4.14.2 Protection against electric shock

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

4.14.3 Protection against over-current

Protection against over-current shall be provided in accordance with IEC 60204-1:2005, 7.2.1, 7.2.3,
7.2.7,7.2.8 and 7.2 .9.

4.14.4 Electromechanical devices

Electromeg¢hanical controlunitsand outputsignal switchingdevicesshallmeettherelevantrequireménts
of IEC 60947-5-1.

4.14.5 Pollution degree

The electri¢al equipment shall be suitable for pollution degree 2 in accordance with IEG61439-1:2011, 7|1.3.

4.14.6 Cldarance and creepage distances

The electrfcal equipment shall be designed and constructed in accordance with IEC 61439-1:2011,
8.3 and 10}4.

4.14.7 Wiking

The electrical equipment shall be wired in accordance with IEC 61439-1:2011, 11.10.

4.15 Hydraulic equipment
For the tesf method, see 7.13.2.

Hydraulic ¢quipment shall meet the relevantréquirements of ISO 4413.

4.16 Pnefimatic equipment
For the tesf method, see 7.13.3.

Pneumaticlequipment shall meetthe relevant requirements of ISO 4414.

4.17 Enclosure

For the tesf method; see 7.14.

4.17.1 Semnsor

The manufacturer shall specify the suitability of the sensor for the particular environment, e.g. wet
or dusty conditions. This specification shall be defined as an index of protection, e.g. IP 44 according
to IEC 60529. Those parts of the sensor which contain electrical components shall have an enclosure
which meets the requirements of IP 54 as a minimum. If the manufacturer specifies that the sensor may
be immersed in water, the sensor enclosure shall meet the requirements of IP 67 as a minimum. The
manufacturer shall state the time and depth of immersion.

4.17.2 Control unit and output signal switching device

The control unit and any external output signal switching device enclosure shall meet the requirements
of IP 54 as a minimum. Where the control unit and output signal switching device is designed for
mounting in another control equipment enclosure, this enclosure shall meet the requirements of the
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level of protection relevant to that application. In these circumstances, the control unit and output signal
switching device shall meet the requirements of IP 2X as a minimum.

4.1

For

8 Additional coverings for sensors

the test method, see 7.15.

Where the manufacturer states that additional coverings can be used for the sensor, the requirements
of this part of ISO 13856 shall still be fulfilled (see Annex D).

4.1
For

Wh
bar,

4.2

For

4.2
per
and

Atg

NO']
is ch

4.2
per

Meq
SW4

4.2

The
foll

ATTESS
the test method, see 7.16.

bre access is required to the interior of any part of the pressure-sensitive edge oripressur
it shall only be possible by means of a key or tool.

0 Performance levels and categories for SRP/CSs in accordance with ISO 138

the test method, see 7.17.

D.1 Pressure-sensitive edges and pressure-sensitive barsishall meet the requireme
formance level (PL) and category for which they are specified and marked. The perform|
categories are specified in ISO 13849-1.

resent, air pulse systems are not considered to fulfil the requirements of category 1.

E It is possible for an air pulse system to fulfil\the requirements of category 2 when the safj
ecked or monitored. See also D.3.5 and G.3.

).2 Pressure-sensitive edges and pressure-sensitive bars shall meet at least the requi
formance level c according to ISO 13849-1 as well as the requirements of this part of ISO 1

hanical damage of the sensor surface that does not affect the safety function (e.g. sd
rf) are not treated as failures.

D.3 B1oq values for the,sensor shall be determined by means of testing.

test results shall'bé documented by means of test protocols. These should comprise 3
wing informaftion:

type of sensor;

measurement points;

e-sensitive

49-1

nts of the
nce levels

bty function

rements of
3856.

ratches by

it least the

temperature (of the environment);

operating voltage and operating current;
switching frequency;

test location;

test loading;

actuating speed;

number of operations;

B1o4q values;
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— types of failure;

— test person, test laboratory, date and signature.

4.20.4 If a pressure-sensitive edge or pressure-sensitive bar complies with category 3, its architecture
may deviate from the designated architecture according to ISO 13849-1:2006, 6.2.

Fault exclusions shall be listed and explained in the instructions for use. Fault exclusions which are not
tolerable due to a reasonably foreseeable misuse of the pressure-sensitive edge or pressure-sensitive
bar shall not be made.

If fault exdlusion is used for the determination of PL, the diagnostic coverage does not need-tq be
calculated |Jand will not be included when determining the performance level. Under these conditjons
a high exppctation of the mean time to dangerous failure (MTTFg) shall be present in ordér to rdach
performanice level d.

4.21 Adjystments
For the tesf method, see 7.18.

Ifitis necegsary to make adjustments during commissioning, the manufacturer shall supply instructjons
to enable the adjustments to be made so that the requirements of this papt of1SO 13856 can be met. There
shall be anrangements for checking that such adjustments have beenymade correctly. The adjustable
elements shall only be accessible by means of a key, security code oftool.

4.22 Sengor fixing and mechanical strength
For the tesf method, see 7.19.

Means shalll be provided for all parts of the sensorito be fixed securely in the specified mounting
orientatior]. The fixed sensor shall have sufficiedD mechanical strength to withstand the maximum
forces in tHe specified directions which are statéd by the manufacturer.

4.23 Recovery after deformation
For the tesf method, see 7.20.

After the effective sensing surface of the sensor has been deformed or displaced by the working travel
movement|using test piece 1.for 24 h, the effective sensing surface shall recover as shown in Table 3.
The working travel in this-iistance is taken from test No. 4 (see 7.7) with a test speed of 10 mm - sl at
a force of 250 N.

Table 3 — Deformation recovery

Recovery time Ch_ange 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 edge or pressure-sensitive bar is suitable for
continuous deformation for longer than 24 h, then the sensor shall recover according to Table 3 after
deformation for the stated time.

After the effective sensing surface of the sensor has been deformed or moved by the working travel
using test piece 1 for at least 24 h, the pressure-sensitive edge or pressure-sensitive bar shall have
normal function (ON state) within 30 s [see C.2.1.d)].
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4.24 Connections
For the test method, see 7.21.

Where components of different configurations within the pressure-sensitive bar or pressure-sensitive
edge are interchangeable by means of plug and socket connections, incorrect placement or exchange of
these components shall not cause failure to danger.

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.

4.25 Sharp corners, sharp edges and rough surfaces
Forfthe test method, see 7.22.

Exposed parts of pressure-sensitive edges or pressure-sensitive bars shall not have-sharp corpers, edges,
rough surfaces, etc. which can cause injury to persons who can come into cenitact with thle device(s)
(seq 1SO 12100:2010, 6.2.2.1).

4.216 Mechanical features
For|the test method, see 7.23.
Prepsure-sensitive edges and pressure-sensitive bars shall edmply with I[SO 12100:2010, 6.3} 2.

For[pressure-sensitive bars, see also Annex D.

4.2[7 Inhibition and blocking
For|the test method, see 7.24.

The sensors of pressure-sensitive edges, orpressure-sensitive bars shall be constructed s¢ that their
opefration cannot be intentionally inhibited or blocked by simple means. See also D.3.

5 [Marking

For|the test method, see 7.25.

5.1 Pressure-sensitive” edges and pressure-sensitive bars shall be marked in accordance with
[SO|12100:2010, 644, and, for electrical equipment, with the rated voltage and current as 4 minimum.
Seelalso IEC 60204~1:2005, Clause 16.

5.2| Alllabels and markings shall be securely fixed and durable for the expected lifetime of|the part of
the preSsiire-sensitive edge or pressure-sensitive bar to which it is attached.

5.3 Every part of the pressure-sensitive edge or pressure-sensitive bar that can be replaced in
accordance with the instruction manual shall be marked with a type reference or part number as listed in
the manual and a traceability code.

5.4 The control unitlabel(s) shall also contain the following information or indicate in an unambiguous
way where this information can be found:

— PL and category according to ISO 13849-1 for the pressure-sensitive edge or pressure-sensitive bar;
— response time for the pressure-sensitive edge or pressure-sensitive bar;

— with or without reset;
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— partnumber.

6 Information for selection and use

6.1 General

For the test methods, see 7.4. and 7.26.

Information and guidance regarding installation, commissioning and testing is given in Annex F.

The inforn
[SO 12100;

6.2 Esse
sure-sens

The manuf

assist in thie selection of a suitable pressure-sensitive edge or pressure-sensitive bar:

20

limits
limits
mount|

means|

force 1{ forces which the installed sensor is able to withstand and the direction(s) in which they
appliedl;

dimen
maxin
weight
sensor

force-

accordling to Figure 4 and-an explanation of how it is used (e.g. key);

chemi
operat

power

ation to be supplied to the user, and the manner in which it is presented, shall comply, y
2010, 6.4. It shall be clearly identified with the product.

ntial data for the selection of suitable pressure-sensitive edge or pres-
itive bar

acturer shall make available the relevant information from the following’list so that it

hs to the configuration, number and length of sensors connected<to*one control unit;
hs to the length and specifications of connections between.sefisor(s) and control unit(s);
ing orientation(s) at which the sensor can be used;

of fixing the sensor and control unit;

)

sions which specify the effective sensing surface (see Figures 2 and 3);
um dimensions of the sensor;

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

rravel relationship(s)showing the pre-travel and overtravel in the form of a table or diag

al resistance-table for the sensor;
ing temperature range;

supplytequirements;

controlunit enclosure Qpprifirn‘rinn[q) nrrnrding to IEC 60529:

vith

will

are

fam

sensor enclosure specification(s) according to IEC 60529;

category(ies) and performance level(s) according to ISO 13849-1;

selection procedure according to Annex C;

critical lengths of connections between individual components;

deformation behaviour over time;

switching capability of output signal switching device(s) according to IEC 60947-5-1;

application guidance;
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contact configuration(s) of output signal switching device(s);

suitability for detecting fingers;

minimum operating speed, if applicable (for example, for pneumatic systems);

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

explanation of 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 times);

6.3

6.3

Thd
sen

statement that the user shall determine the PL required for his application.

1

1y
2)
3)
4)

5)

6)

7)

8)

9)

Information for use

Information for installation and commissioning

following information forinstallation and commissioning of the pressure-sensitive edge o
Sitive bar shall be given:

Information relating to the pressure-sensitive edge or pressure-sensitive bar, incl

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

a detailed description of the pressure-sensitive edge @r)pressure-sensitive bar,

the limits as to the configuration, number and length of sensors connected to one cd

I pressure-

hding

ntrol unit,

the limits as to the length and specifications of €onnections between sensor(s) and confrol unit(s),

the procedure to determine the overtrayelfor the pressure-sensitive edge or pressur
bar, with examples (see Annex C),

the application range and conditions for which the pressure-sensitive edge o
sensitive bar is intended or approved, including the category, performance level and
according to ISO 13849-1,

circuit diagrams providing schematic representation of the safety functions and e
machine control interfaces,

additional protéctive measures (according to 4.10.2) which can be needed to 4
required levelof safety for specific applications,

the rating, characteristics and location of all input/output terminals (for example
rating;effuses, or setting of an over-current protective device),

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

e-sensitive

pressure-
B104 values

xamples of

chieve the

maximum

Lo solvents,

b)

11 L1 ralat] i H PP o ry i oo 1] L1 30 1
IO VW aoTC VWL TETTIC TOaUTIT S, U P T atiTs CCTITpP T atul T T aITgC, artovw aouTC pUWCT - STUpPPTy - val

iation),

11) guidance regarding use of the pressure-sensitive edge or pressure-sensitive bar in alternative

mounting orientations, and

12) indication of whether the pressure-sensitive edge or pressure-sensitive bar is designed with or

without external reset in accordance with Annex A.

Information relating to packaging, transportation, handling and storage of the pressure-
sensitive edge or pressure-sensitive bar, including

1)
2)

dimensions,

mass (i.e. kilogram per meter length),
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3) description of packaging and methods for unpacking to prevent damage to the pressure-
sensitive edge or pressure-sensitive bar,

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

5)

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

c) Information relating to the installation and commissioning of the pressure-sensitive edge or
pressure-sensitive bar, including

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

and

the

the

at Culytcd,

2) refjuirements regarding the surface on which the sensor will be mounted,

3) me¢thods of installation including required tooling,

4) depign features of the effective sensing surfaces which can influence the saféty function
information on how the effects of dead surfaces can be minimized by installation (including
drpwing, where appropriate),

5) schedule of tests to be carried out after installation to establish, that the pressure-sensitive
edge or pressure-sensitive bar is functioning and has been installed and interfaced with
machine control correctly,

6) warning that the overall safety of the machine and its_safeguard(s) depends on the quallity,
reliability and correct installation of the interface between them,

7) anlindication that the category or categories and performance level(s) declared for the presstyire-
sepsitive edge or pressure-sensitive bar shall comply with the categories and performgnce
leyels established by the user’s risk assessment;and

8) arjecord sheet that shall be completed by:the installer showing which control unit and sensdr(s)
arg installed.

d) Training: recommendations for the minimum training requirements of personnel installing
equipment to ensure that the pressure-sensitive edge or pressure-sensitive bar is installed to
comply with this document.

6.3.2 Infprmation relating t0 operation of pressure-sensitive edge or pressure-sensitive bar

The follow]ng information.felating to the operation of the pressure-sensitive edge or pressure-sensifive

bar shall be given.

a) Informpationrelatingtothe use ofthe pressure-sensitive edge or pressure-sensitive bar, includling

1y
2)
3)
4)
5)

6)

22

pu

rpose;and method of operation of the control unit and indicators,

in

ormation regarding use limits
=] S 7

instructions for fault identification and for restarting after an intervention/activation,

indication of fault exclusions,

explanation to the calculated PL with reference to the variable parameters mean operation
time, mean mission time and cycle time,

statement that the user shall determine the PL required for his application, and
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7) awarning that the machine should not be restarted if a hazard is present.

b) Information for maintenance, including
1) awarningthatthe maintenanceinstructionsshould beread before any maintenanceisattempted,
2) nature and frequency of testing, inspection and maintenance,

3) instruction for allowable setting, adjustment and cleaning,

4) actions that require a definite technical knowledge and/or particular skills and that hence
should bhe carried out exclusively hy skilled persons, suitably trained

5) information, for example, drawings and circuit diagrams, enabling trained persontfel to carry
out fault-finding tasks,

6) details of tests required after replacement of components to establish’ that thg pressure-
sensitive edge or pressure-sensitive bar functions as designed,

7) a warning that all parts (covers, clips, edging strips, fastenings, etc.) removed during
maintenance must be refitted after maintenance, and that if sueh.parts are not corredtly refitted
the performance of the pressure-sensitive edge or pressure-sernsitive bar could be impaired,

8) list of user replaceable parts,

9) awarning that only those parts approved by the manufacturer may be replaced by the user and
that if non-approved spares are used or non-approved modifications are made, the pgrformance
of the pressure-sensitive edge or pressure-sensitive bar could be impaired, and

10) name and address of manufacturer and/or competent service organization.

c) |Training requirements: recommendations for the minimum training requirements of the user’s
personnel,including operatorsand maintenance/inspection staff, to ensure thatthe pressuie-sensitive
edge or pressure-sensitive bar is used afid maintained in accordance with this part of ISO[13856.

d) |[Periodic functional tests
The instructions for use shall contain information on the periodic testing of the senspr. For this
purpose the following information is required:

1) an indication that the test interval depends on the use of the pressure-sensitiye edge or
pressure-sensitive bar and that it is to be specified by the operator according to the national
legislative-téquirements;

2) anindieation of the maximum test interval, for example a test at least every three mjonths.

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

7.1

NOTE

Verification of requirements

General

Possibly not all the tests given in this part of ISO 13856 can be carried out when the pressure-

sensitive edges and pressure-sensitive bars concerned have been designed and built into the machinery by
their manufacturer. In this case the tests should be carried out before a pressure-sensitive protective device is
implemented in the machinery.

The following inspections, analyses or tests are to determine whether pressure-sensitive edges or
pressure-sensitive bars meet the requirements of this part of ISO 13856. The tests shall be carried out on
a ready-to-use pressure-sensitive edge or pressure-sensitive bar under the least favourable conditions
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as specified by the manufacturer. Unless otherwise specified, these tests shall be carried out at 20 °C.
The following tolerances shall apply:

— temperature: +5°C;

— test speed: +10 %.

If other ambient conditions — for example, atmospheric pressure or relative humidity — affect test
results, these should be recorded.

Except where 0therw1se spec1f1ed the functlomng of the pressure- sensmve edge or pressure- sensmve

shall be applied to the effectlve sensing surface in the reference dlrectlon at the maximum operaging
speed and pt one location (so far as practicable the most unfavourable location).

For special] applications, some pressure-sensitive edges or pressure-sensitive bars may,be designed
and manuffactured as part of a machine. In this case, it could be impossible or impractical to sufjmit
these deviges to all the tests set out in this clause, and so the relevant requirements)may be verified by
analysis. Where tests are omitted, the manufacturer shall explain why these tests have been omitted
and provide information explaining how the requirements have been met.

7.2 Testlsamples

7.2.1 Sensor

In order to|perform the test specified in this clause, sensor samples will be required as given in Table 4.

Table 4 — Test samples for\particular tests

Sample length
Test sample no. Subclause of this part of [SO 13856
m
1 0,75to 1 74,7.6.2,7.6.4,7.7,79,7.10,7.12,7.14
2 0,75ta 1 7.8.1,713,7.19,7.20
3 0;5 7.6.3,7.6.5,78.2,711.2,711.3,711.4,7.11.5,
7.11.6
4a 0,5 7.6.3,7.6.5,7.8.2
a  For a combination of sensors only.

Tests not listed in Table4 ' may be carried out with test sample 1, 2 or 3.

If the pressure-senSitive edge or pressure-sensitive bar is designed with an effective sensing surface
built up offa combihation of sensors, then the sensors for connection with one control unit shal|] be
provided. If relevant, the maximum stated number of combinations of sensors shall be used to verify|the
requiremeptsof 4.2 to 4.7, 49 to 4.11,4.13, 4.18, 4.22 and 4.27.

Ifthe sensorlength influences the characteristics of the sensor output, a sensor of the maximum effective
sensing length as specified by the manufacturer (4.1) shall be used.

7.2.2 Control units and output signal switching devices

Three control units and output signal switching devices shall be provided: two units corresponding to
production units and, if necessary, one specially prepared for testing under fault conditions.

7.3 Test pieces

Except where otherwise specified, the tests shall be carried out with the test pieces shown in Figure 5.
The test pieces shall be manufactured from a suitable aluminium alloy.

24 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=da871e38b1170e49085a02da48a6df56

ISO 13856-2:2013(E)

7.4 Test No. 1 — Safety-related data for selection, installation, commissioning, opera-
tion and maintenance of suitable pressure-sensitive edges or pressure-sensitive bars

See

6.2 and 6.3.

It shall be verified that the manufacturer’s data sheets contain all safety-related data.

7.5 Test No.2 — Mounting orientations of sensors
7.5.1 General
If the manufacturer specifies different mounting orientations (see Figure 6) it shall be verifi

the

mounting orientation has an influence on the safety function. This verification shalkbe m

by inspection and/or through practical experience and, if necessary, shall be completed by

the

7.5

7.5

following tests.
2 Edge sensors

2.1

follpwing tests need only be performed in orientation A or B.

7.5
test]

a)

b)

c)

7.5
test

a)

b)

2.2 If the manufacturer specifies mounting orientation-€;as shown in Figure 6, then th
shall be performed.

orientation B, at (20 = 5) °C and at the upper operating temperature limit. Call these angle

Angle £ shall then be measured with the sensor in mounting orientation C at the uppe
temperature limit. Call this angle §3.

If the difference between 3 and B19r.f3 and 7 is greater than 4°, then the following te

orientation B.

2.3 If the manufacturer(specifies mounting orientation D, as shown in Figure 6, then th|
shall be performed.

The angle y, as shown in Figure 6, shall be measured with the sensor in mounting orien
(20 = 5) °C and-atthe upper operating temperature limit. Call these angles y1 and y».

Angle y shall-then be measured with the sensor in mounting orientation D, at the uppe
temperature limit. Call this angle y3.

If the(difference between y3 and y1 or y3 and y3 is greater than 4°, then the following te

performed in all specified mounting orientations. Otherwise, the tests need only be pe

If the manufacturer specifies mounting orientation A or B orA’and B, as shown in F|

For pressure-sensitive edges, the angle 5, as shownsin Figure 2, shall be measured with th

performed in all specified mounting orientations. Otherwise, the tests need only be pe

ed whether
nde, firstly,
Analysis or

gure 6, the

e following
e sensor in
5 51 and 2.

' operating

5ts shall be
rformed in

e following

kation B, at

' operating

5ts shall be
rformed in

mounting orientation b.
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Figure 6 — Sensor mounting orientations A to D

7.5.3 Bar sensors

Pressure-sensitive bars shall be tested in the mounting orientation for which they are designed.
7.6 TestiNo. 3 — Actuating force

7.6.1 Geheral
For the requirements, see 4.2.

The test shlall’be ‘carried out after the sensor has reached a particular temperature equilibrium.

Test piece 3 shall be applied only to pressure-sensitive edges where the manufacturer states that the
device is suitable for detecting fingers.

7.6.2 Single sensor at 20 °C

The actuating force shall be tested by applying test pieces at the test speeds and locations shown in
Figure 7 and Table 5. The test pieces shall be applied perpendicularly to the reference axis and in the
test direction shown in Figure 7.

For each application of a test piece, it shall be verified that the output signal switching device changes
state at an actuating force lower than or equal to the value specified in Table 2.
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7.6.3 Combination of sensors at 20 °C

Where two or more sensors can be combined to constitute one effective sensing surface, the test
specified in 7.6.2 shall be carried out on one sensor. In addition, test pieces shall be applied at the test
speeds and test locations as specified in Table 6. The test pieces shall be applied perpendicularly to the
reference axis and in the test directions shown in Figure 8.

For each application of a test piece, it shall be verified that the output signal switching device changes
state at an actuating force lower than or equal to the value specified in Table 2.

7.6,4__Single sensor aver the operating temperature range

The actuating force shall be tested by applying the test pieces 1, 2 and 3 at the testspee
locgtions specified in Table 7 at the lower operating temperature limit, and in Table-8 at

ope
the

For

rating temperature limit. The test piece shall be applied perpendicularly to the téference
test directions shown in Figure 7.

each application of a test piece, it shall be verified that the output signal’switching devi

stafle at an actuating force lower than or equal to the value specified in Table 2.

7.6
Wh

5 Combination of sensors over the operating temperature range

bre two or more sensors are combined to constitute one effective sensing surface, the teg

in 6.4 shall be carried out on one single sensor at the uppér and lower operating tempera
In 4ddition, test pieces 1, 2 and 3 shall be applied at the test speeds and test locations as §

Tab

le 9 and Table 10. The test pieces shall be applied perpendicularly to the reference axis|

tesf direction shown in Figure 8.

For

each application of a test piece, it shall be verified that the output signal switching devi

stafle at an actuating force lower than or equal\to the value specified in Table 2.

©IS

s and test
the upper
axis and in

ce changes

t specified
fure limits.
pecified in
and in the

ce changes

02013 - All rights reserved

27


https://standardsiso.com/api/?name=da871e38b1170e49085a02da48a6df56

ISO 13856-2:2013(E)

Dimensions in millimetres

3
7\ o
s
N\ _J
N
N
4
Key
test piecel 4 reference axis
test piece 2 5 testdirection
test piece 3 6  connecting cable

le effective sensing length

Figure 7 — Test location on effective sensing surface of single sensor
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Table 5 — Test locations on effective sensing surface for test No. 3 for single sensor

(see 7.6.2)
Testno. | Test piece Test smifd Testlocation
mm - s
3.1 1 10 al, a3, a5, cl, c3,c5,d1, d5, e3 and one random location
3.2 1 Maximum operating speed |al, a3, a5.cl, c3, c5.d1, d5. e3, and one random loca-
tion
3.3 1 100 Those two test locations from test number 3.2 giving
the highest actuating forces and one random location
3.4 2 10 a3 and c3
3.5 2 Maximum operating speed [a3 and c3
3.6 2 100 c3
3.7 3 10 al, a3, a5, cl, c3,c5,d1, d5, e3{and one rand¢m location
3.8 3 Maximum operating speed |al, c1, c3, e5, and one randont location
39 3 100 Those two test locatigtis from test number 3.8 giving
the highest actuatingforces and one random location.

Forymaximum operating speeds <150 mm - s-1, the tests at 100 mm - s-1 are notnecessary.

Forlmaximum operating speeds <100 mm - s-1, the tests should be carried otitat 10 mm - s-1 and at the maximy
speged as stated by the manufacturer.

m operating

Table 6 — Test locations on the effective sensing suirface for test No. 3 for a combination of
sensors (seg”7.6.3)

Testno. | Test piece Tfnsrtns‘pse_‘fd Test location
3.10 1 10 a6 and c6
3.11 1 Maximum operating speed c6and e6
3.12 1 100 c6
3.13 2 10 c6
3.14 2 Maximum operating speed ab
3.15 2 100 c6
3.16 3 10 c6
3.17 3 Maximum operating speed a6
3.18 3 100 c6
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Key
1 sensor

1=

2 sensorp
3 joint

N

NOTE Test directions perpendicular to surface.

Figure 8 {— Additional test locations on the effective sensing surface of combination of sensgrs
Table 7 [— Test locations on a single sensor at.the lower operating temperature limit for test
No-3-(see 7.6.4)

Test no. | | Test piece Test smifd Test location
mm - S

3.19 1 10 Those two test locations from test number 3.1 givinig
the highest actuating forces and one random locatign

3.20 1 Maximum operating speed |Those two testlocations from test number 3.2 giving
the highest actuating forces and one random locatign

3.21 1 100 The same test locations as for test 3.3

3.22 2 10 c3

3.23 2 Maximum operating speed c3

3.24 2 100 c3

3.25 3 10 Those twao test locations from test number 3.7 givimg
the highest actuating forces and a random location

3.26 3 Maximum operating speed |Those two testlocations from test number 3.8 giving
the highest actuating forces and a random location

3.27 3 100 Those two test locations from test number 3.9 giving
the highest actuating forces and a random location
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Table 8 — Test locations on single sensor at upper operating temperature limit for test No. 3

(see 7.6.4)
Testno. | Test piece T(;frtns‘p;fd Testlocation

3.28 1 10 Those two test locations from test number 3.1 giving
the highest actuating forces and one random location

3.29 1 Maximum operating speed |Those two test locations from test number 3.2 giving
the highest actuating forces and one random location

3.30 1 100 c3

3.31 2 10 c3

3.32 2 Maximum operating speed c3

3.33 2 100 c3

3.34 3 10 c3

3.35 3 Maximum operating speed ¢3

3.36 3 100 c3

Table 9 — Test locations for combination of sensors at loweroperating temperature

test No. 3 (see 7.6.5)

limit for

Testno. | Test piece Tfrfrtns'p;?d Testlocation
3.37 1 10 a6 and c6
3.38 1 Maximum operating speed c6and e6
3.39 1 100 c6
3.40 2 10 c6
3.41 2 Maximum operating speed a6
3.42 2 100 c6
3.43 3 10 c6
3.44 3 Maximum operating speed ab
3.45 3 100 c6

Table 10 — Testlocations for combination of sensors at upper operating temperature¢ limit for
test No. 3 (see 7.6.5)

Test no. |\ Test piece Tf;ltns‘p;?d Testlocation
346 1 10 a6 and c6
3H#H7 T Maximunroperating speed c6amde6
3.48 1 100 c6
3.49 2 10 c6
3.50 2 Maximum operating speed a6
3.51 2 100 c6
3.52 3 10 c6
3.53 3 Maximum operating speed a6
3.54 3 100 c6
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7.7 Test No. 4 — Force-travel relationship(s)

7.7.1 General
For the requirements, see 4.6.

The force-travel relationship(s) shall be confirmed in accordance with Figure 4 by applying test piece
1 (see Figure 7) to the sensor at the maximum operating speed up to point A. The reaction force of
the sensor and the distance moved by the test piece shall be continuously measured from the point
where the test piece touches the effective sensing surface until the actuating force is reached. Points

B1, B2 andGshallbeconfirmedinaccordancewith by analying test plece T g the sensorat a

speed <10 mm - s~1. The force-travel relationship can then be shown by connecting points A, B1, B2ko C
by straight|lines. This test shall be carried out at test location c3 and at a temperature of 20 °C;

7.7.2 Pre¢-travel
For the requirements, see 4.3.

The pre-trpvel shall be measured. This distance shall be equal to or less than that stated by|the
manufactufrer.

7.7.3 Warking travel

For the requirements, see 4.4.

The working travel shall be measured at a force of
— 250 N,|land

— 400N.

These distances shall be greater than or equal to those stated by the manufacturer.

7.7.4 Overtravel

For the requirements, see 4.5.

The overtrpvel shall be measured at-a force of
— 250N,/and

— 400N.

These distances shallybe greater than or equal to those stated by the manufacturer.

7.8 TesiNo.5 — Number of operations

For the requirements, see 4.8.

7.8.1 Asingle sensorin mounting orientation B connected to the output signal switching device through
the control unit shall be tested by applying test piece 1 (see Figure 5) at the maximum operating speed.
The test speed shall be constant for at least 80 % of the working travel B1 (see Figure 4).

The effective sensing surface of the sensor shall be moved or deformed up to the working travel B1
(see Figure 4) 10 000 times at test location c2 (see Figure 7).

The retraction speed of the test piece shall be equal to the maximum test speed * 20 %.

Within each test cycle the test piece shall not touch the effective sensing surface for a period of 5,0 J% S.
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7.8.2 Where two or more sensors are combined to constitute one effective sensing surface, the tests
specified in 7.8.1 shall be carried out on one sensor.

In addition, test piece 1 shall be applied 1 000 times at location c6 as shown in Figure 8, under the same
conditions as stated in 7.8.1.

7.8.3 When the test specified in 7.8.1 or 7.8.2 have been completed, the tested sensor(s) shall have no
defects affecting the safety performance and the requirements for actuating force (see 4.2), pre-travel
(see 4.3) and overtravel (see 4.5) shall still be met. This shall be tested using only test piece 1, at the
maximum operating speed and at a speed of 10 mm - s-1, at the locations c2 (see Figure 7) for single

da) d oc £ La 43 £
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7.9| Test No. 6 — Output state of sensor and output signal switching device

For|the requirements, see 4.9 and 4.10.

A sfatic force of 150 —20 N shall be applied at a random location in the effetive sensing sufface in the

refdrence direction through test piece 1 for a period of 10 min. The test/piece is applied at 1J0 mm - s-1.
Whijle this force is applied, the value of the sensor 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
thelforce is removed, the value of the sensor output signal and the'state of the output signal switching
deviice shall change in accordance with Figures A.1, A.2, A.3 andyA 4.

7.10 Test No. 7 — Response of output signal switching device to actuating force,|reset
and state of power supply
For|the requirements, see 4.10 and 4.11.

The interaction of separate functions as shown in Annex A shall be tested using test piec¢ 1 and the
actyiating force of 150 _20 N applied at (10 £1) mm - s~1 in the reference direction to the effectjive sensing
surface at one random location.

7.1[1 Test No. 8 — Environmental conditions

7.11.1 Functional test
For|the requirements;See 4.12.

At the end of eachef the tests specified in 7.11.2 to 7.11.5, the normal function of the pressure-sensitive
edge or pressure=sensitive bar shall be verified using test piece 1, applied perpendicular to the effective
senping surfage with the corresponding actuating force given in Table 2, at the maximumn] operating
spepd atene random location. This requirement is fulfilled if an OFF state of the output signal switching
devijice’is produced.

7.11.2 Test No. 8.1 — Operating temperature range
For the requirements, see 4.12.2.

The requirements of the specified operating temperature range shall be verified by the test procedure
given in Table 11.

Table 11 — Operating temperature range

Test procedure Test conditions
[EC 60068-2-14 Pressure-sensitive edge or pressure-sensitive bar con-
Test Nb nected to the power supply.
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The rate of change of temperature shall be (0,8 + 0,3) °C- min-1 over the whole temperature range for
heating and cooling.

At one-minute intervals during this test procedure, the function of the pressure-sensitive edge or
pressure-sensitive bar shall be verified using test piece 1 with the corresponding actuating force,
given in Table 2. The test piece shall be applied perpendicular 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.

7.11.3 Test No. 8.2 — Humidity

For the requirements, see 4.12.2.

The requirpments for humidity shall be verified by the test procedure given in Table 12.

Table 12 — Humidity

Test procedure Test conditions

IEC 60068-2-78, test Cab |Pressure-sensitive edge or pressure-sensitiyé bar is not
temperature (40 = 2)°C |connected to the power supply. After this testa high
relative humidity voltage test according to IEC 60664-1:2007, Tables F.1
(93 +3)% and F.5, shall be performed betweencircuits and
exposed conductive parts or accessible surfaces of the
control unit/output signal switching device.

7.11.4 Test No. 8.3 — Electromagnetic compatibility
For the requirements, see 4.12.3.
The safetyirelated requirements shall be verified accerding to IEC 61000-6, 2 only.

Immunity $hall be verified for the following states according to the test procedures, with the indicgted
characterigtic values given in Table 13 and writh’the stated conditions given in 7.11.1:

pressure-sensitive edges and pressure-sensitive bars with supply energy;
pressulre-sensitive edges and pressure-sensitive bars with supply energy with applied actuating force;

pressure-sensitive edges-and pressure-sensitive bars with supply energy, after removal of|the
actuatjng force and prieite'the execution of the reset.

Table 13 — Electromagnetic compatibility

Tests and characteristic values Test procedure

Surge, installation class 3 IEC 61000-4-5 power, earth and input/
output lines

Electrical fast transients (burst), 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

7.11.5 Test No. 8.4 — Vibration

For the requirements, see 4.12.4.
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These requirements shall be verified in accordance with Table 14. 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 function of the pressure-sensitive edge or pressure-sensitive bar shall be verified.

Table 14 — Vibration

Test procedure Test conditions

[EC60068-2-6 Pressure-sensitive edge or pressure-sensitive bar is connected
to the power supply.

The sensor shall be tested in mounting orientation B, the con-
tl U} uuit Cllld t}lC uutput Disll‘l} o VvV ;t\—}lills dCV i\,C D}la}‘l LC tCDth

in three axes perpendicular to each other.

7.11.6 TestNo. 8.5 — Bump
For|requirements for pressure-sensitive bars only, see 4.12.5.

Dui|ing this test, it shall be verified that the output signal switching device remains in the ON ftate. After
the[bump test has been completed, the normal function of the pressure-sensitive bar shall b¢ verified.

These requirements shall be verified in accordance with Table 15.

Table 15 — Bump

Test procedure Test conditions

[EC 60068-2-27 Pressure-sensitive bar jsi¢onnected to the power supply.
The sensor shall be tested in the reference direction and in the
opposite direction.-gnly.

After the test has been completed, the pressure-sensitive bar shall be checked for mechanidal damage,
looge parts, etc.

7.12 Test No. 9 — Power supply-variation

7.12.1 General
For|the requirements, see 4.13.

Prepsure-sensitive_edges and pressure-sensitive bars shall be subjected to the analysis, [inspection
and|/or tests givenin 7.12.2 and 7.12.3.

7.12.2 TestNo. 9.1 — Electrical power supply variation

For|thé'requirements, see 4.13.1.

The normal function of the pressure-sensitive edge or pressure-sensitive bar shall be verified according
to IEC 60204-1:2005, 4.3. The function shall be checked using test piece 1, applied to the effective sensing
surface with the corresponding actuating force given in Table 2, in the reference direction, and at the
maximum operating speed at one random location. Each requirement is fulfilled if an OFF state of the
output signal switching device is produced.

7.12.3 Test No. 9.2 — Non-electrical power supply variations
For the requirements, see 4.13.2.

The normal function of the pressure-sensitive edge or pressure-sensitive bar shall be verified at the
limits of power supply variations stated by the manufacturer. Possible power supply variations outside
the stated range shall not cause the pressure-sensitive edge or pressure-sensitive bar to fail to danger.
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7.13 Test No. 10 — Electrical, hydraulic and pneumatic equipment

7.13.1 Test No. 10.1 — Electrical equipment
For the requirements, see 4.14.

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

7.13.2 Test No. 10.2 — Hydraulic equipment

For the requirements, see 4.15.

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

7.13.3 Test No. 10.3 — Pneumatic equipment
For the requirements, see 4.16.

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

7.14 TestiNo. 11 — Enclosure
For the requirements, see 4.17.

It shall be yerified by analysis and, if necessary, by testing that the requirements of IEC 60529 are njet.

7.15 TestiNo. 12 — Additional coverings for sénsors
For the requirements, see 4.18.

If additiongl coverings are specified by the'manufacturer, then it shall be verified that the requirenpent
of 4.18 is mjet.

7.16 TestiNo. 13 — Access

The requirpment of 4.19 shall\be verified by inspection.
7.17 TestiNo. 14 — Performance Level (PL) according to ISO 13849-1

7.17.1 General

For the requirements, see 4.20.

The foreseen safety functions and categories shall be validated by analysis in accordance with
[SO 13849-2 and the PL actually reached shall be compared with the given one.

7.17.2 B1pq value for the sensor

When performing the test the following conditions shall apply:
a) length of test sample: at least 500 mm;

b) force applied by test piece: No. 1 according to Figure 5;

c) testspeed: freely selectable;
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working travel: until sensor changes state;
measurement points: one from C1 to C5, or more freely selectable points from C1 to C5;

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

7.18 Test No. 15 — Adjustments

The

7.19-TFestNo—16—Sensorfixingandnechanical strength

For

A fq
sen
and|

For

manufacturer through test piece 1 (see Figure 5) for 1 h in the most critical direction and |

per

7.2
For

A st
the

requirements of 4.21 shall be verified by inspection and, if necessary, by testing.

the requirements, see 4.22.
rce of (500 * 25) N shall be applied to the effective sensing surface of the sénsor of 4

lower operating temperature limits. No permanent damage shall result.

pressure-sensitive bars the test shall be performed by applying the-maximum force st

manent damage shall result.

0D Test No. 17 — Recovery after deformation
the requirements, see 4.23.

atic force of (250 + 25) N shall be applied in the reférence direction to the effective sensin
sensor of the pressure-sensitive edge or pressure-sensitive bar through test piece 1 (see |

test
by

of the deformation measured in the reference direction from the line along location c (see K
the|deformed top surface shall not exceed the values given in Table 3.

These tests shall be carried out at thelimits of the operating temperature range.

A stfatic force of (250 £ 25) N shall be applied in the reference direction to the effective sens
of the sensor of the pressurg-sensitive edge or pressure-sensitive bar through test piece 1 (se
at test location c3. After 24 W'the force shall be removed. Within 30 s (and after the reset is

ap
aga

Thi

7.2
Thd

location c3. After 24 h, the force shall be remeved. The deformation of the effective sens
he test piece shall be measured 30 s, 5 min\and 30 min after the force has been removed

icable) the output signal switching device shall change to an ON state and applying the {
n to location c3 shall change the output signal switching device to an OFF state.

5 test shall béearried out at the limits of the operating temperature range.

1 Test-NoO. 18 — Connections

requirements given in 4.24 shall be verified by inspection.

pressure-

sitive edge through test piece 1 (see Figure 5) at location a3 (see Figure 7) for’1 h at botl the upper

hted by the
bcation. No

b surface of
figure 5) at
ng surface
The depth

igure 7) to

ng surface
e Figure 5)
hctuated, if
est piece 1

7.2

2 Test No. 19 — Sharp corners, sharp edges and rough surfaces

The requirement given in 4.25 shall be verified by inspection.

7.2

3 Test No. 20 — Mechanical features

The requirements given in 4.26 shall be verified by inspection.

©IS
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7.24 Test No. 21 — Inhibition and blocking

The requirement given in 4.27 shall be verified by inspection and functional testing by simple means.

EXAMPLE By inserting a wire, pin, adhesive tape, wedge or magnet.

7.25 Test No. 22 — Marking

The requirements given in Clause 5 shall be verified by inspection.

7.26 TestMe23—nfsrmationforselectdonanduse ——

The requirpments given in Clause 6 shall be verified by inspection.
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Annex A
(normative)

Timing diagrams for pressure-sensitive edges/bars with/
without reset

Figlires A.T to A.4 show the relationship between actuating force, reset signal and outputs-off the sensor

and|

Key

tr

b)

output signal switching device (see 4.10).

a) —

b)

C) I_l

e)

|

|
d) i\

i

|

|

A B C ~D EF G H t
tr
time c) resetsignal
response time d) sensor output
power to pressure-senSitive edge /pressure-sensitive bar e) output of output signal switchihg device(s)

actuating force

power to pressure=sensitive edge or pressure-sensitive bar ON: output of output signal switching dlevice
remains in OEF-state because pressure-sensitive edge or pressure-sensitive bar not reset

reset achieved: output of output signal switching device turns to ON state because sensor output thirned ON
due toeperation of reset button without actuating force on sensor

outpuf of output signal switching device turns to OFF state because sensor output turned OFF duejto
dctuating force on sensor

starting point of reset signal: operation of reset button has no effect on output of output signal switching
device because signal has not yet been terminated and actuating force still present

reset signal has been present: cessation of reset signal 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 because
reset not applied

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

power to pressure-sensitive edge or pressure-sensitive bar 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)

A B C D EF G H t
tr
Key
t time c) resetsignal
tr responge time d) ~sensor output
a) power fo pressure-sensitive edge/pressure-sensitive bar e)\. ‘output of output signal switching
device

b) actuatipg force

A power fo pressure-sensitive edge or pressure-sensitive bat ON: output of output signal switching device
remainf in OFF state because pressure-sensitive edge orgpressure-sensitive bar not reset; sensor output
turned ON when power turned ON

B reset aghieved without actuating force on sensor; dutput of output signal switching device turns to ON state
due to ¢peration of reset button while sensor output turned ON

C  actuating force on sensor. sensor output turned OFF — also turns the output of the output signal switching
device in OFF state

D starting point of reset signal. operatjenef reset button has no effect on output of output signal switching
device because signal not yet terminated and actuating force still present

E resetsignal has been present: cessation of reset signal has no effect on output of output signal switching
device s long as force present,on sensor; output of output signal switching device remains in OFF state

F  actuating force removed.from sensor: sensor output turns ON but output of output signal switching device
remaing in OFF state because reset not applied after removal of force

G reset aghieved without actuating force on sensor: output of output signal switching device turns to ON state
due to ¢peration’efireset button while sensor output turned ON

H power fo preSsure-sensitive edge or pressure-sensitive bar OFF: output of output signal switching device
turns t¢ OFF.state because sensor output turned OFF

Figure A.2 — Sensor output independent of reset function
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Key]

tr

D
L

AB C

tr

time
response time
power to pressure-sensitive edge/pressure-sensitive bar

power to pressure-sensitive edge or pressure-sensitive.bar ON: sensor output turned ON when po|

ON

output of output signal switching device turns taJON state because no actuating force on sensor
actuating force on sensor: sensor output turned OFF, turning output of output signal switching dey

state

b)
d)
e)

actuating force
sensor output

output of output signal switching

device(s)

wer turned

Fice to OFF

output of output signal switching devige turns to ON state because sensor output turned ON due tp actuating

force being removed from sensor

power to pressure-sensitive edge or pressure-sensitive bar OFF: output of output signal switching]

turns to OFF state because senser output turned OFF

Figure A.3 — Sensor output without reset function

device
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a)—

tr

Key

t time
tr responge time

a) power {o electrical circuits of pressure-sensitive edge/pressure-sensitive bar
b) actuatipg force

x) pressuie pulse in sensor

d) electridal output of sensor (air-pulse switch)

c) resetsipnal

e) output pf output signal switching device

A power fo the pressure-sensitive edge ofipréessure-sensitive bar ON

B resetsignal present: output of outpit signal switching device turns to ON state

C actuatipg force on sensor: senser output turned OFF, turning output of output signal switching device to OFF
state

D sensor putput turns to ON’state due to pressure decay in sensor

E resetsignal present: putput of output signal switching device turns to ON state, although actuating force sfill
applied — can leadsto‘hazardous situation

It is necessalry for the control system of the machine to have its own safety system to ensure that no hazardous
restart occufs. Forexample, on powered doors, this can be in the form of automatic machine reversal or manudl
reset. The cgrrett function of such controls shall be described in the relevant type-C standards.

As shown, thi e -
doors, in order to satlsfy category 2, this has to be the functlon of the door control system.

NOTE 1 The point at which “D” occurs will depend on a number of factors — for example, the level of force
applied and the controlled rate of leakage of air from the system.

NOTE 2  Air-pulse systems are not considered to fulfil the requirements of category 1 according to ISO 13849-1.
See D.3.5 for additional information on air-pulse systems.

Figure A.4 — Sensor output for systems where sensor output does not stay in OFF state when
actuating force still applied (e.g. air-pulse systems)

42 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=da871e38b1170e49085a02da48a6df56

ISO 13856-2:2013(E)

Annex B
(informative)

Operating speed, force and travel — Explanatory remarks and

recommendations

See

Pre
sen
to S
tray

Ove
ford
for
ass

A ny

Any
furt

Sto
bet
mag
pre

Tot
ford

Wo
a re
wit

Figure B.1 for the force-travel relationship for pressure-sensitive edges.

-travel: The force increases from the point of contact with the obstruction. At a‘giver
Sor signals the control unit to go to the OFF state. A signal is then sent to the maghiné con
top the hazardous movement. The distance travelled between these two peints is call
rel. This distance can vary with the approach speed and environmental conditions.

rtravel and total travel: Overtravel is the distance in which the speed decreases and
e increases. The maximum permissible force specified by the supplier and selected 1
hn application should be less than the reference force according to-the type-C standard
pssment and should occur within the overtravel.

imber of factors can cause the maximum permissible forc€ to'be exceeded, including
brake deterioration (age),

extended response time,

mechanical wear, and

increased hazard speed.

of these can lead to injury due to excessive force acting on the part of the body concerng
her sensor deformation is possible.

pping travel is the distancetthe moving part of the machine which represents the haz
veen the point at which thie\signal is sent by the sensor to its control unit, and the point a
hine comes to rest. The(stopping travel of the machine is required to be within the overt
Esure-sensitive edge O pressure-sensitive bar.

al travel is theCmaximum possible movement or deformation of the sensor due to f
e, e.g. 600 N.

king travél and force: A force of 250 N or 400 N, perpendicular to the reference axis
ference-to measure the working travel of the pressure-sensitive edge or pressure-se

point, the
rol system
ed the pre-

he applied
y the user
or the risk

td when no

hrd travels
 which the
Favel of the

he applied

is used as
nsitive bar

reld

tionship data up to at least the reference force. However, 250 N or 400 N should not be 1

h test\piece 1 (see Figure 5). According to 4.6, the manufacturer is required to provide fgrce-travel

egarded as

for

TS WIICIT do ot cause ImMury imatt appiications:.
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