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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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13856-1 was prepared by Technical Committee ISO/TC 199, Sdfety of machinery and b}

5 second edition cancels and replaces the first editien” (ISO 13856-1:2001) which

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
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Introduction

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

a)

aspect

b)

s that can be applied to all machinery;

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 consider the best way to ach

the requir
assessmen

Therequir
supplier ar
their decis

Pressure-s
of use rela
They are iy
sensitive p

ISO 13856
when the 1
when avail

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).

bd level of safety taking into account-the intended application and the results of the
L (see ISO 12100).

on on the choice of safeguarding.

ensitive protectivedevices are used in a wide range of applications with different condit
[ing, for example;to extremes of loading or electrical, physical and chemical environme
terfaced withmiachine controls to ensure that the machine reverts to a safe condition if]
Fotective equdpment is actuated.

is restrictéd to the design of pressure-sensitive protective devices so that they can be y
isk assessment carried out by the machine manufacturer and/or relevant type-C stand
able,'shows this to be appropriate.

bd solution can also be to combine several of these different means: the machinery/installag
d the user examine together'carefully the existing hazards and constraints before mal

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
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Safety of machinery — Pressure-sensitive protective
devices —

Part 1:
General principles for design and testing of pressure-
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Scope

5 part of ISO 13856 establishes general principles and specifies requirements for the
ing of pressure-sensitive mats and pressure-sensitive floors normally actuated by the feg
ices for protecting persons from hazardous machinery. The minimum safety requiremg
formance, marking and documentation are given.

5 part of [SO 13856 is applicable to pressure-sensitive mats and pressure-sensitive floors,
he type of energy used (e.g. electrical, hydraulic, pneumatie-0t mechanical), designed to ¢

persons weighing more than 35 kg, and

persons (e.g. children) weighing more than 20 kg.

not applicable to the detection of persons weighihg less than 20 kg.
bes not specify the following because they-are application-specific:

dimensions or configuration of the effective sensing area of pressure-sensitive mat(s) o
sensitive floor(s) in relation to anyparticular application;

when pressure-sensitive mats or floors are appropriate in a particular situation;

a minimum level.

5 part of ISO 13856 gives guidance to assist the user (i.e. machinery manufacturer and/on
hinery) in providihg an adequate arrangement.

Normadtive references

folowing documents, in whole or in part, are normatively referenced in this docume

Hesign and
t for use as
nts for the

regardless
etect

" pressure-

performance levels (PLs)\for safety-related parts of control systems (SRP/CSs) other than providing

user of the

nt and are

spensable for its application. For dated references, only the edition cited applies. For undated

references, the Tatest edition of the referenced document (including any amendments) applies.

[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

[SO 13855, Safety of machinery — Positioning of safeguards with respect to the approach speeds of parts
of the human body

[SO 15552, Pneumatic fluid power — Cylinders with detachable mountings, 1 000 kPa (10 bar) series, bores
from 32 mm to 320 mm — Basic, mounting and accessories dimensions

© IS0 2013 - All rights reserved
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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

2-78, 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 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measuring techniques —

Electrostat,

IEC 61000-
Radiated, r

IEC 61000+
Electrical fi

IEC 61000+
Surge immi

[EC 61000
industrial &

IEC 61439-

3 Termis and definitions

For the pu
following 3

31

pressure-
sensitive pH
unit (3.5) 3
standing o
the sensor

Note 1 to enftry: See Figure 1 fora schematic sketch of a pressure-sensitive mat.

3.2
pressure-
sensitive pn

(3.5) and one or more output signal switching devices (3.6) which detects a person standing on it or Y

steps onto

iC dicrhnrgp Immunity test

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

4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measuremenittechnique
st transient/burst immunity test

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

L6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generie;standards — Immunit))
nvironments

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

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

sensitive mat
otective equipment (1ISO 12100:2010, 3.28.5) comprising a sensor (3.3) or sensors, a con
ind one or more one or more output signal switching devices (3.6) which detects a per

s) is actuated

sensitive floor
ptective equipment (1ISO 12100:2010, 3.28.5) comprising a sensor (3.3) or sensors, a control

t andiwhere the effective sensing area (3.4) is moved as a whole when the sensor(s) is actuz

Note 1 to entrySee Figure 1 for a schematic sketch of a pressure-sensitive floor.

the

trol
son

h it or who steps onto it andiwhere the effective sensing area (3.4) is deformed locally when

Lnit
who
ited

3.3
sensor

part of the pressure-sensitive mat (3.1) or pressure-sensitive floor (3.2) which contains an effective
sensing area (3.4)

Note 1 to entry: The application of an actuating force to the effective sensing area causes the signal from the

sensor to th

e control unit to change its state.

© ISO 2013 - All rights reserved
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effective sensing area
part of the top surface area of the sensor (3.3) or a combination of sensors of the pressure-sensitive mat
(3.1) or pressure-sensitive floor (3.2) within which a response to an actuating force will take place

Note 1 to entry: See 4.2 for requirements with regard to the actuating force.

3.5
con

trol unit

device that responds to the condition of the sensor (3.3) and controls the state of the output signal
switching device (3.6)

Not
floo
pro

3.6
out|
par
OFH

Not

3.7
act
any
out]

3.8
res
fun
con|

39
ON
stat
floy

I (see reference to categories and performance levels according to ISO 13849-1) and can cgntain
essing a reset signal. The control unit can be integrated with the machine control system,

put signal switching device
L of the pressure-sensitive mat (3.1) or pressure-sensitive floor (3.2) which responds by pr
state when the sensor (3.3) or monitoring function means is actuatéd

1 to entry: The output signal switching device can be integrated with.the machine control syste

hating force
force which produces a pressure on the effective sensing area (3.4) to create an OFF {
but signal switching device (3.6)

pt
Ction which permits an ON state in the output signal switching device (3.6), providing t
ditions are met

state

U of current or fluid

31

OFF state

e 1 to entry: The control unit can also monitor the integrity of the pressure-sensitive mat or pressulre-sensitive

facilities for

pducing an

m.

tate in the

hat certain

e in which the output circuit(s) of an output signal switching device (3.6) is complete and permits the

stafle in which the output circuit or circuits of an output signal switching device (3.6) are broken and

intdrrupt the flow/of-current or fluid

31

response time
timp between the start of the application of a force to the effective sensing area (3.4) and the
OFH state'of the output signal switching device (3.6)

start of the

Note 1 to entry: See 4.3 for requirements with regard to the response time.

3.12
dead zone
part of the top surface area of the sensor (3.3) outside the effective sensing area (3.4)

4

4.1

Requirements for design and testing

General

The following requirements are based on the assumption that the user (e.g. machine manufacturer or
user of the machinery) determines the suitability of a pressure-sensitive mat or pressure-sensitive floor,

©IS
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the required PL and the dimensions and orientation. It is also assumed that this information is given to
the manufacturer of the pressure-sensitive protective device.

Pressure-sensitive mats and pressure-sensitive floors shall be able to detect a person who is standing
on, or who steps onto, the effective sensing area.

1 . 2
R R A .

[ y S )

| ( ) |

| T - |
o ST
|

|

|

pressute-sensitive mat or pressure-sensitive floor

sensor(ls)

output pignal switching device{s)*
part of machine control system for pressure-sensitive mat or pressure-sensitive floor output signal procesfing

1
2
3 control|unit*
4
5
a

actuating force
b sensor putput
¢ ON state/OFF State signal
d  manual reset signal**

e reset sicnnl from machine control system (\Alhprp npprnprinfp)

-

monitoring signals (optional)

g  manual reset signal to the machine control system***

h machine control system(s)

*  Can be located 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 mat/pressure-sensitive floor applied to
machine

4 © IS0 2013 - All rights reserved
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4.2 Actuating force

4.2.1 Single sensor
See 7.4.1 and 7.4.2 for the test method.

The pressure-sensitive mat or pressure-sensitive floor shall respond to the actuating force in accordance
with Table 1 when the corresponding test piece (see Figure 2) is applied over the effective sensing area
at a maximum speed of 2 mm-s-1 within the operating temperature range.

Test pieces 1, 2 and 3 apply to pressure-sensitive mats and pressure-sensitive floors designed to detect
perfons weighing more than 35 kg. Test piece 4 shall additionally be applied to pressure-senfsitive mats
and pressure-sensitive floors designed to detect persons (e.g. children) weighing morethan 20 kg.

Table 1 — Actuating forces

Test piece Actuating force
Application
PP No. d N
mim
For|pressure-sensitive mats and pressure-sensitive 1 11 30
flogrs designed to detect persons weighing more
2 80 30
thah 35 kg
200 60
Additional test for pressure-sensitive mats and
preksure-sensitive floors designed to detect persons 4 40 15(
(e.g children) weighing more than 20 kg

4.2)2 Combinations of sensors
See|7.4.3 and 7.4.4 for the test method.

Where an effective sensing area is built-ip of more than one sensor, joints and junctions shdll fulfil the
reqpirements of 4.2.1, except that only test piece 2, according to Table 1, applies to pressurfe-sensitive
mats and pressure-sensitive floors designed to detect persons weighing more than 35 kg.

Where pressure-sensitive imats and pressure-sensitive floors are designed to detect pdrsons (e.g.
children) weighing 20 kg-er.more, only test pieces 2 and 4 apply.

For|other parts of the effective sensing area, 4.2.1 applies.

Dimensions in millimetres
éLO +0,5

30 +p5

10 0

50 £0,5

\R
C) 2
M
d Ra 3,2

Test piece 1

© IS0 2013 - All rights reserved 5
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Ln-

<

+

=

'\ m

Q. T

R\ X -
/ d Ra 3,2

30 +0,5

50—

Test piece 5
#85 0,5

Ln~
o
+
(=]
S
— 1L° 30’
1
®80 +0,2
| |
Test piece 6
Key
1 rubber “shoe”, (60 £ 5) Shore A, fixed with adhesive
2 steel
d seeTablel

a  Mounting proposal only.

Figure 2 — Test pieces 1 to 6

6 © IS0 2013 - All rights reserved
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4.3

See

ISO 13856-1:2013(E)

Response time

7.5 for the test method.

The response time shall be stated by the manufacturer and shall not exceed 200 ms over the operating
temperature range. The response time is the time between a) and b) where

a)
b)

NO

is when a test piece touches vertically the effective sensing area at a speed of 0,25 m-s-1,

and

is the start of the OFF state of the output signal switching device (see Figures A.1, A.2 and A.3).

E

The 200 ms limitis snecified tanreventthe safeouard fram heinag defeated huthe annlica
r r o o J rr

Fion of short

steq]

4.4

See

4.4
test
wit]
not
sha

4.4
test
swi
mat
for

4.5

See

4.5
ope

4.5

be ot less than 100000 operations in each of five locations (500 000 operations in total). If t

sen

4.5
ope

ping impulses.

Static loading
7.6 for the test method.
1 After the application of a static force of (2 000 + 50) N within the-effective sensing af
hin 2 min after the removal of the force. For pressure-sensitive mats; after 1 h the defor

be more than 2 mm in depth at the lowest part of the top surface) for pressure-sensitive f
| not be any permanent deformation.

2 After the application of a static force of (750 * 20).N within the effective sensing ar
piece 1 (see Figure 2) at another location to that used’in 4.4.1 for a period of 8 h, the oy
Lching device shall change its state within 2 min aftér the removal of the force. For pressui

pressure-sensitive floors, there shall not be.any permanent deformation.

Number of operations

7.7 for the test method.

1 A pressure-sensitive mat-or pressure-sensitive floor shall perform its function for the
rations typically expected,

1.1 The expectedmumber of operations for the pressure-sensitive mat or pressure-sensitiv|

bing area congists'of a combination of sensors, this requirement shall apply to the combinatior

1.2 Innaddition, the expected number of operations for the sensor alone is a further
ratiofis-in one other location.

piece 2 (see Figure 2), for a period of 8 h, the output signal switching device shall charr:F

ea through
e its state
ation shall
oors, there

ea through
tput signal
e-sensitive

s, after 1 h the deformation shall not be more tharr2 mm in depth at the lowest part of the §op surface;

number of

b floor shall
he effective
of sensors.

bne million

4.5. 5.
sensitive floor shall still meet the requirements of 4.2 and 4.3.

4.6

See

)

Output state of sensor

7.8 for the test method.

I pressure-

When an actuating force is applied to the effective sensing area or is present on the effective sensing
area at power on, the sensor output signal shall change to a value or state which causes the output signal
switching device(s) to change to the OFF state. This value or state shall maintain the output signal switching
device(s) in the OFF state at least until the actuating force is removed (see Figures A.1, A.2 and A.3).

© IS0 2013 - All rights reserved
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When the pressure-sensitive mat or pressure-sensitive floor is provided with a reset, the output signal
switching device shall change its state only after the reset signal has been applied following the removal
of the actuating force.

4.7 Response of output signal switching device(s) to actuating force

4.7.1 General

See 7.9 for the test method.

When any p D g
shall change from an “ON" state to an “OFF” state. Slmllarly, the OFF state shall also be generated
an actuating force is already present on the effective sensing area when power is put ON.

The output signal switching device shall remain in the OFF state for atleast as long as the actuating force
is present ¢n the effective sensing area.

4.7.2 Deyice with reset

For a presgure-sensitive mat or pressure-sensitive floor with reset, the reset-signal shall be manujally
applied either directly to the control unit of the safeguard or, alternatively, via the machine conjtrol

system (seg Figure 1).

The reset ghall perform two functions:

a) startinhibit interlock — at power ON the output signal switching device(s) shall remain in the DFF
state until the reset signal is applied;

b) re-staytinhibit interlock

After the dctuating force has been removed, the output of the output signal switching device(s) shall
change to 4n ON state only after the application of'a reset signal.

If the reset|signal is applied continuously béfgre or while the actuating force is applied, the output offthe
output sigmal switching device(s) shall not change to an ON state when the actuating force is remgved
without the¢ application of an additionalreset signal (see Figures A.1 and A.2).

The reset dignal shall control either'the output of the sensor and the output signal switching devide(s)
(see FigurdA.1) or it shall controlthe output of the output signal switching device(s) only (see Figure 4.2).

4.7.3 Deyice without reset

For a presgure-sensitivé mat or pressure-sensitive floor without reset, the output signal of the oufput
signal switiching device(s) shall change to an ON state at power ON and after the actuating force has heen

removed (dee Figute A.3).

If a devicelwithout reset is nsed then the reset function should he provided in the machine conitrol
system (see ISO 13849-1:2006, 5.4).

4.8 Access for maintenance
See 7.10 for the test method.

Where access is required to the interior of any part of the pressure-sensitive mat or pressure-sensitive
floor, it shall be possible only by means of a key or tool. Any means of securing an enclosure, excluding
the key or tool for opening, shall be captive.

4.9 Adjustments

See 7.11 for the test method.

8 © IS0 2013 - All rights reserved
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There shall be no means of adjustment by the user of the actuating force or response time. Where the
supplier states that sub-assemblies of the pressure-sensitive mat or pressure-sensitive floor can be
individually replaced, this shall be possible without reducing the overall performance of the pressure-
sensitive mat or pressure-sensitive floor and without the need for adjustment.

4.10 Connections
See 7.12 for the test method.

The correct alignment of plug/sockets shall be made clear by either type, shape, marking or designation
(Or combination of anca)

Where components of different configurations existing within the pressure-sensitive mat of pressure-
senfitive floor are interchangeable, incorrect placement or exchange of these components shall not
caupe failure to danger.

If a|sensor or subsystem is connected by a plug and socket, removal or discannéction of the sensor or
subpystem at the plug and socket from or within the control unit shall cause the output signal switching
deviice(s) to go to an OFF state.

4.1 Environmental conditions

4.11.1 General
See|7.13 for the test method.

The pressure-sensitive mat or pressure-sensitive flogr'shall continue to operate in accordange with this
parf of ISO 13856 in the environmental conditions\given in 4.11.2 to 4.11.5 or in any wider rgnge stated
by fhe manufacturers.

4.11.2 Temperature

The pressure-sensitive mat or pressure-sensitive floor shall comply with the requirements ¢f 4.2.1 and
4.3 pver a temperature range from 5°C to 40 °C.

NOTE Extended environmental temperature ranges can be from -25 °C to 40 °C and from 5 °C tq 70 °C.

4.11.3 Humidity

Thgrequirementsferthe resistance to humidity shall be in accordance with IEC 60068-2-78, for a period
ur days.

4.11.4 Electromagnetic compatibility (immunity)

The pressure-sensitive mat or pressure-sensitive floor shall continue in normal operdtion when
sub i i

4.11.5 Vibration

The requirements concerning vibration shall apply to the control unit and the output signal switching
device(s) only and shall be in accordance with [EC 60068-2-6. The following shall apply:

— frequency range, 10 Hz to 55 Hz;
— displacement, 0,15 mm;
— 10 cycles per axis;

— sweep rate, one octave per minute.

© IS0 2013 - All rights reserved 9
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Where asensor is fixed to a part of a machine, the effects of vibration should be considered. See also Annex B.
NOTE It is not practicable to give special requirements for sensors in this part of ISO 13856 because of the

variation in their sizes and shapes. Sensors are normally fixed to the ground, in which case vibration is normally
not critical.

4.12 Power supply

4.12.1 Electrical power supply

See 7.14 for-the-testmethod-

The pressufe-sensitive mat or pressure-sensitive floor shall meet the requirements of IEC 60204-1:2005,|4.3.

4.12.2 Nop-electrical power supply

For non-electrical power supplies, the manufacturer shall state the nominal supply level and |the
allowable fange of tolerance within which normal operation is to be maintained.

Where ovel-pressure protective devices are not provided, over-pressure variations outside the nomjfnal
range shall not result in failure to danger.

Variations pelow the operating range shall notresultin failure to danger(see also ISO 4413 and ISO 4414).

NOTE Vo test methods have been established for such equipment.
4.13 Electrical equipment

4.13.1 Geperal

See 7.15 for the test method.
The electrical equipment (components) of thepressure-sensitive mat or pressure-sensitive floor shall
— conforjm to the appropriate existing International Standards,
— Dbe suitjable for the intended use,\and

— be opefrated within their specified ratings.

4.13.2 Protection againstyelectric shock

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

4.13.3 Protection against over-current

P : e ol o1l 1 s o 1 HhREE60264-+2005—F24+—AH2 3
rotection agamstover-carrent samr e proviaearaccoraatrce—-with o C- o9z 012090, 7. 271, 7.4.0,

7.2.7,7.2.8 and 7.2.9.

NOTE It can be necessary to give information to the user of the pressure-sensitive mat or pressure-sensitive
floor as to the maximum rating of fuses or the setting of an over-current protective device for the circuit(s)
connected to the output connection points of the output signal switching device(s).

4.13.4 Pollution degree

The electrical equipment shall be suitable for pollution degree 2 in accordance with IEC 61439-1:2011, 7.1.3.
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4.13.5 Clearances and creepage distances

The electrical equipment shall be designed and constructed in accordance with IEC 61439-1:2011,

8.3

and 10.4.

4.13.6 Wiring

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

4.14 Enclosure

See

4.1
The

Wh
leve

4.1

The
the
to a
acc
meg¢

4.1

4.1
abs
ma
PL1

See

4.1
per
spe

4.1
c ad

7.16 for the test method.

1.1 Sensor
sensor enclosure shall meet a minimum standard of IP54 in accordance withyIEC 60529.

bn the manufacturer specifies that the sensor can be immersed in water, the minimun
1 of the sensor shall be IP67 in accordance with IEC 60529.

1.2 Control unit and output signal switching device enclosure

control unit enclosure shall meet a minimum standard of IR54 in accordance with IEC 60
control unit is designed for mounting in another control'equipment enclosure and this €
minimum of IP54 in accordance with IEC 60529, the control unit shall be to a minimun
brdance with IEC 60529. The enclosure containing-the output signal switching device(s
t these requirements.

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

5.1 For appropriate PLs for specificiapplications, see the corresponding type-C standg
bnce of an appropriate type-C stahdard, the manufacturer of the machinery or the integi

enclosure

b29. Where
nclosure is
of IP2X in
shall also

49-1

rds. In the
ator of the

hinery (see ISO 11161:2007, 3.10-for definition) should carry out a risk assessment to defermine the

equired, using the guidance given in ISO 13849-1.

7.17 for the test method.

6.2 Pressure-sensitive mats and pressure-sensitive floors shall meet the requireme
formance level(R1s) and category for which they are specified and marked. The PLs and cat
rified in 1SO 43849-1.

6.3 Presstre-sensitive mats and pressure-sensitive floors shall meet at least the requirem
cordinng to [SO 13849-1.

NO

nts of the
egories are

bnts of PL =

I

swa

N 1 H 1 £ 1] £ £l A | i £L. il Lot £ i L
L wvicuiiialliicdal ualuasc UL LT STIISUTL SUITdtT LiIdl UUTOS TIUL dIITLLT ULIIT 54altly TUlIttivil Lc.s. O

rf) are not treated as failures.

cratches by

4.15.4 The mean number of cycles until 10 % of the components fail to danger (B1o4 - values for pressure-
sensitive mats and pressure-sensitive floors) shall be determined according to the test given in 7.7, but at
location 8 only.

The test results shall be documented and shall, as a minimum, include the following information:

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

type of loading;
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switch

B1od v

ing frequency;

test location;
test loading;
actuating speed;

number of operations;

alues;

types

test pd

NOTE '

4.15.5 Ifa
the designa

Fault exclu

tolerable due to a reasonably foreseeable misuse of the pressure-sensitive mat or pressure-sensi

rETe

floor shall

If fault exc
calculated

time to dangerous failure (MTTFq) shall be present to reach performance level d.

4.16 Sensg
See 7.1.2 fo

A means fo

4.17 Tripping

See 7.1.2 fg

For sensorf§

f failure;
rson, test laboratory, date and signature.

'he determination of the B1pq values is carried out by the manufacturer.

pressure-sensitive mat is required to comply with category 3, its architecture may deviate f]
ted architecture according to ISO 13849-1:2006, 6.2, provided that thexrequired PL is achie

sions shall be listed and explained in the instructions for use. Fault-€xclusions which are

hot be made.

usion is used for the determination of the PL, the diagnestic coverage does not need
pr included when determining the PL. Under these canditions, a high expectation of the

or fittings

r the test method.

I securing sensors at their intendedocation shall be provided.

r the test method.

shall note

For senso

either a re¢essed instaltation or provision of a ramp complying with the requirements given above s

be stated i

Where thdresis 'a combination of sensors and/or additional coverings, provision shall be mad

minimize

provided with a ramp-or for which a ramp is deliverable as an accessory, the slope of the r4
ceed 20° from the horizontal. The ramp shall not create a physical obstruction or other haz

with a height“exceeding 4 mm, under actuated or non-actuated conditions, the need

the instruction handbook.

Fom
ved.

not

kive

be
an

i mp
hrd.

for
hall

P to

etripping hazard at joints and junctions between the sensors.

NOTE

4.18 Slip-

See IS0 14122-2 for the dimension indicated.

resistance

See 7.18 for the test method.

Provisions shall be made on the top surface of the sensor to minimize slipping under the expected
operating conditions.

NOTE

12

See also 1SO 14122-2.
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4.19 Additional coverings of top surfaces of sensor(s)
See 7.19 for the test method.

The requirements of Clause 4 shall also apply to sensor(s) when fitted with additional or alternative
coverings, for example, protective sheets.

4.20 Failure due to blocking or wedging

See 7.20 for the test method.

There shall be no risk of failure due to solid objects or build-up of dirt or swarf under th¢ sensor or
conjbination of sensors or their associated connecting parts.

5 [Marking

5.1 General
Seel|7.1.2 for the test method.

The pressure-sensitive mat or pressure-sensitive floor shallObe marked in accordpnce with
1SO[12100:2010, 6.4.4 and IEC 60204-1:2005, Clause 16.

All Jabels and markings shall be securely fixed and durable for the expected lifetime of the|part of the
pregsure-sensitive mat or pressure-sensitive floor to which they are attached (see IEC 6131(-2).

5.2 Marking of control unit

The control unit label(s) shall also contain the following information, or indicate where this ifformation
can|be found:

— |the PL and category according to ISO13849-1 for the pressure-sensitive mat or pressure-sensitive floor;
— |the response time for the pressure-sensitive mat or pressure-sensitive floor;
— |with or without reset;

— |means of identification, for example, serial number, type designation.

5.3| Marking of sensor
The{sensor labélshall also contain the following information or indicate where this information cgn be found:

— |if suitable for detecting persons (e.g. children) weighing more than 20 kg;

— |rmeans of identification, for example, serial number, type designation.

5.4 Marking of other components

Components of the pressure-sensitive mat or pressure-sensitive floor that can be replaced in accordance
with the information for use shall be identifiable.

6 Information for use

6.1 General

Information to be supplied to the user and the way it is presented shall comply with ISO 12100:2010, 6.4.

© IS0 2013 - All rights reserved 13


https://standardsiso.com/api/?name=a265338ebc4b46eb2e2495541b87e2d9

ISO 13856-1:2013(E)

6.2

Instructions for use

6.2.1 General

See 7.1.2 for the test method.

The instructions for use (e.g. handbook) shall include all the information necessary for safe installation,
use and maintenance of the device as listed in 6.2.2 to 6.2.6.

The information for use shall contain on the first page the means of identification required by 5.2 and
5.3. See also Annexes B and D.

vice features

ry or categories, PLs and average probability of a dangerous failure per hour in“accorda
0 13849-1.

of size and shape for individual sensors including effective sensing area,
of combination of numbers and sizes of sensor(s) which can be used-with one control un

ctions between components.

arrangements — how sensors can be combined.

arrangements of the sensor and control unit.

f the sensor per square metre, and the mass.of the control unit.
additional covering details (where applicable).

ise time.

supply requirements.

| unit enclosure specifi¢ations in accordance with IEC 60529.

ing capability of the-output signal switching device(s).

uration(s) of theyoutput signal switching device(s).

lity for detecting walking aids e.g. walking sticks and walking frames.

mula-for calculating the required effective sensing area in relation to the hazard location §
Fidéd. Typical examples of the application of the formula shall be given (see ISO 13855 and C.:

of connection length between individual components-of) the pressure-sensitive mat
pressure-sensitive floor and types of connectors, e.g. Cable specification and plugs and sockets

nce

or

hall
.3).

Range of applications and conditions for which the device(s) is intended or approved, including the
category and PL it complies with. Examples of unsuitable applications should also be given.

Schematic representation of the safety functions and examples of machine control interface
circuit diagrams.

, characteristics and location of all input/output terminals.

Guidance regarding chemical, physical and environmental resistance (e.g. resistance to solvents,
allowable weight loading, operation temperature range, allowable power supply variation).

Guidance regarding suitability for wheeled vehicles which can be starting, braking or turning on
the surface of the sensor.

6.2.2 De
a) Categg
with I
b) Limits
c) Limits
d) Conne
e) Limits
f) Fitting
g) Fixing
h) Massa
i) Sensor
i) Respol
k) Power
1) Contra
m) Switch
n) Config
o) Suitab
p) The for
be proj
q)
r)
s) Rating
9
w
14
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6.2.

a)
b)

‘)
6.2

a)
b)

‘)
d)

e)
f)
g)

h)

j)
k)

D)

6.2
a)

b)

)

ISO 13856-1:2013(E)

Whether the device(s) is designed with or without reset in accordance with 4.7 and when the device
is without a reset, the need for a reset to be provided by the machinery manufacturer or user (see
ISO 13849-1:2006, 5.2).

3 Packaging, transportation, handling and storage
Description of packaging and methods of unpacking to prevent damage to the device(s).
Transportation and handling methods to prevent damage or personal injury.

Storage requirements (e.g. lay flat, temperature range).

4 Installation and commissioning
Instruction thatthe instruction handbook should be read in full before any installation workigattempted.
Requirements regarding the surface on which the sensor is to be mounted:
Installation method including tooling required (see Annex B for guidance).

Design features of the effective sensing area and the dead zones and how they should bg optimised
during installation (including drawing where appropriate).

Requirements regarding ramps in accordance with 4.17, if nnieeded.
Details of any recess in the floor required to reduce theheight of the sensor to prevent tfipping.

Schedule of tests to enable commissioning to be.c¢arried out after installation to establish that the
device(s) is functioning.

Warning that the overall safety of the machine and its safeguard(s) depends on the integrity of the
interface between them.

Instruction to check the appropriateness of the category(ies) and PL(s) of the devicg according
to ISO 13849-1.

Indication of fault exclusions)(see ISO 13849-1:2006, Clause 11).

Explanation on how thé PLwas calculated with reference to the variable parameters meah operation
time (in hours per dayyand days per year) and mean time between the beginning of two[successive
cycles of the compenent considered (cycle time).

Statement that the integrator shall determine the PL for his application.

5 Operating instructions

Pufpose and method of operation of actuator(s) and indicators, e.g. starting and re-staring.

nformation regarding use Hmits.

Instructions for fault identification.

.6 Maintenance

Warning that the maintenance section of the handbook should be read in full before any maintenance
is attempted.

Identification of tasks which require special technical knowledge or particular skills and hence
should be carried out exclusively by suitably trained, skilled persons.

Specification of type and frequency of inspection and maintenance.
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d)

£)

g)

h)

j)

6.2.7 Training requirements

Instruction for cleaning.

Information, e.g. drawings and diagrams, enabling trained personnel to carry out fault-finding,
servicing and repair.

Details of tests required after replacement of components to establish that the device(s)
function(s) as designed.

Warning that all covers, clips, edging strips and fastenings removed during maintenance shall be
refitted after maintenance and that if such parts are not correctly refitted the requirements for the
device(s) can possibly not be met.

List 01 user-replaceable components specified in sufficient detail to maintain a system wilich
complies with this part of ISO 13856.

Indication of those components which may be replaced by the user and a warning that ¢nly
components approved by the manufacturer may be used.

Name and address of manufacturer and competent service organization.

The instrufctions for use shall give recommendations for the minimum training requirements of|the
user’s perdonnel, including installers, operators and maintenance/inspection staff, to ensure that{the

device(s) afe installed, used and maintained to comply with this part of ISO 13856.

6.2.8 Periodic tests

The instructions for use shall contain information on_in-service inspections of the sensor. For fhis

purpose, the following information is required:

a) a statement that the sensor has to be tested at periodic intervals with a static force of 300 N applied
through an 80 mm diameter flat surface (corresponds to test piece 2) within the effective sensing afrea;

b) an ind|cation that the test interval depehds on the use of the pressure-sensitive mat or pressyire-
sensitive floor and that it has to besspecified by the operator according to the national legislafive
requirpments;

c) anindjcation of the maximum test interval, for example, a test at least every three months.

7 Testing

7.1 General

7.1.1 Typetests Nos. 1to 17 given in 7.4 to 7.20, shall be carried out to determine whether a pressfyire-

sensitive L&W&MLWWMMM%S

otherwise specified, the type tests shall be carried out on a ready-to-use pressure-sensitive mat or
pressure-sensitive floor at (23 + 5) °C.

The following are some of the factors which can affect the performance of the pressure-sensitive mat or
pressure-sensitive floor:

a)
b)
‘)
d)

16

size of the sensor surface area;
top or additional covering material of the effective sensing area;
combination of sensors;

length of the interconnecting cables or tubes.
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Consequently, each of the tests according to 7.4 to 7.20 shall be carried out with the least favourable
combination of these factors.

7.1.2 Where no special test methods are specified, verification shall be by means of inspection.

7.2

Sensor test sample

The test sample(s) shall have a sensor(s) with dimensions of at least 0,5 m x 1,0 m.

If the pressure-sensitive mat or pressure-sensitive floor has only one sensor, two sensors are required

for
ope]
ver

If th
up

req
sele
the
locd

fy the requirements of 4.5.1.2 (one million operations at one location) a

e pressure-sensitive mat or pressure-sensitive floor is designed with an effective'sensing
rom a combination of sensors, then a number of sensors for connection with’one contj
1ired. The combination of sensors shall be used to verify the requirements.of 4.2 and 4.3.
cted for locations 1 to 16 according to Figure 3 shall be used to verify the Tequirement of
remaining sensors shall be used to verify the requirements of 4.5.1.2 (one million operat

nd 4.10.

tion) and 4.10. After testing, the requirement of 4.5.2 shall be verified.
4b
b d

&
©
©

CSNCl Q0O

connecting cable (example)

dead zone

. 5-1L (100 000
rations at each of five locations giving 500 000 operations in total). The other sensor shal

be used to

area built-
ol unit are
The sensor
4.4. One of
ions at one

7.3

distances between test locations
diameter of the respective test piece

Figure 3 — Test locations of effective sensing area of single sensor

Test pieces for load tests

These tests shall be carried out with the test pieces shown in Figure 2. The test pieces shall be
manufactured from aluminium alloy, except where otherwise specified in Figure 2.

©IS
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7.4 Test
See 4.2 for

No. 1 — Actuating force

the requirements.

7.4.1 Single sensor at ambient temperature

The test pieces and their corresponding actuating forces according to Table 1 shall be applied
perpendicular to the effective sensing area in all locations shown in Figure 3 and at five locations
considered to be critical for meeting the actuating force/response requirements of 4.2 (see Annex C).
In Figures 3, 4 and 5, the diameters of the circles shown for the locations represent the diameter of the

relevant te

+ niece
=Pt -

Test piece
to detect p
random lo¢

7.4.2 Sin

The test i

of the rang
before beir

If the actu
10 % below
pressure-s
within this
of the temy
points mer

7.4.3 Co

Where twg
given in 7.4
test pieces
Figure 4, o

for pre
than 3

for pre

4 shall only be applied if the pressure-sensitive mat or pressure-sensitive floor isdesig
ersons (e.g. children) weighing more than 20 kg. Additional tests shall be carried out at
ation with test piece 2 at the limits of the specified power supply variations.

gle sensor at designated operating temperature range

ieces and their corresponding actuating forces according to Tdble 1 shall be ap

e and starting at the highest temperature. The sensor shall reath temperature equilibr
g tested.

hting force required to actuate the output signal switching device is in any case more
F the force specified in Table 1 for the corresponding test-piece, the pressure-sensitive m4g
ensitive floor shall be assumed to give similar results over its whole area. If the force is

Ted
its

perpendicylar to the effective sensing area at locations 1, 8 and 16 as showi’in Figure 3, at the li

ned
one

um

han
tor
not

limit, but is below the level given in Table 1, then‘the test shall be carried out at the lipits

erature range at all the locations on the sensors'shown in Figure 3, as well as on the crit
tioned in 7.4.1.

mbination of sensors at ambient temperature

or more sensors are combined-to constitute one effective sensing area, the same test
1.1 shall be carried out on one sensor at the ambient temperature. In addition, the follow

ical

5 as
ring

shall be applied perpendicularto the effective sensing area atlocations on joints accordinyg to

" at locations on a joint and a‘junction according to Figure 5, as appropriate:

ssure-sensitive mats and pressure-sensor floors designed to detect persons weighing n
b kg: test piece 2 an@its actuating force as given in Table 1;

ssure-sensitive mats and pressure-sensitive floors designed to detect persons (e.g. child

weighing more than 20 kg: test pieces 2 and 4 and their actuating forces as given in Table 1.

ore

'en)

18
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Key

S W N -

connecting cable (example)
dead zone

joint line

distance between test locations

Figure 4 —Test locations on joints between sensors
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4b

Key

1 conngcting cable (example)

2 dead gone

3 joint Jine

a,b distances between test locations

Figure 5 — Testlocations on joints and on junction between sensors

7.4.4 Combinations ef'sensors at designated operating temperature range

Where twq or mor€ sensors are combined to constitute one effective sensing area, the same testf as
given in 7.4.2 shallbe carried out on one sensor at the limits of the temperature range. The sensors shall
reach temperatutre equilibrium before being tested.

In additiort;thefottowimgtest preces shatt-beapptied perpemdicutar totheeffective senrsimgarea at
locations 17, 19 and 21, in accordance with Figure 4, at the limits of temperature or locations 17, 19, 22,
27 and 28 only, in accordance with Figure 5, and at the temperature limits, as appropriate:

— for pressure-sensitive mats and pressure-sensor floors designed to detect persons weighing more
than 35 kg: test piece 2 and its actuating force according to Table 1;

— for pressure-sensitive mats and pressure-sensitive floors designed to detect persons (e.g. children)
weighing more than 20 kg: test pieces 2 and 4 and their actuating forces according to Table 1.

7.5 Test No.2 — Response time

See 4.3 for the requirements.
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For this test, the sensor configuration which is expected to give the longest response time shall be used.

The response time is measured using test piece 7 (see Figure 6), of 30+8'5 kg mass and diameter, d, of

test piece 2 according to Table 1. If the pressure-sensitive mat or pressure-sensitive floor is designed to
detect persons (e.g. children) weighing more than 20 kg, the test is carried out using test piece 8 (see

Figure 6), of 15+8’5 kg mass and diameter, d, of test piece 4 according to Table 1.

The test pieces (see Figure 6) are constructed so that when the lower part of a test piece touches the
effective sensing area with a force less than 10 N, an electrical signal is produced. The test pieces shall

be applied perpendicularly at a speed of 0,25 2., m-s-1 to the effective sensing area. The time between

thelinitiation of the electrical signal from the test piece and the start of the OFF state of the'gytput signal
sw1 ching device shall be measured The tests shall be carrled out atlocations 1, 4, 8 and16, 4s shown in

Dimensions in millimetres

>2

1 +0,5

(N 1

41y, .[__/___

,(/Q'\\ \
Q J Ra 32

Key

1 |connecting cable
2 |insulation

d |diameter

s8]

Mounting prop@sal only.
b JConducting;

Figure 6 — Test pieces 7 and 8 — Used to measure response time

When the combination of sensors is arranged according to Figure 4, the tests shall be carried out at
locations 1, 4, 8 and 16, shown in Figure 3, at the random location on the sensor expected to give the
longest response time because of its location within the combination, and at locations 17 and 19, shown

in Figure 4.

When the combination of sensors is arranged in accordance with Figure 5, the tests shall be carried out
at locations 1, 4, 8 and 16, shown in Figure 3, at the random location on the sensor expected to give the
longest response time because of its location within the combination, and at locations 17, 19, 22, 27 and
28, shown in Figure 5.

The tests shall be carried out at all the above indicated locations at (23 * 5) °C.
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At the limits of the specified temperature range, the tests shall be carried out only at locations 1 and 16,
shown in Figure 3, and at location 17, shown in Figure 4, or at locations 17, 22 and 27, shown in Figure 5.

Additional tests shall be carried out at one random location on a single sensor at (23 + 5) °C at the limits
of the specified range of power supply variations. The longest measured time shall be less than or equal

to the stated response time.

7.6 Test No.3 — Static loading

See 4.4 for

the requirements.

7.6.1 As
test piece 3
effective se

The outpuf
removed; i
surface ca
deformatid

7.6.2 As
test piece
sensing areg

The outpuf
removed; i
surface ca

(see Figure 2) for 8 h on a sensor at a random location within 120 mm from the edges of
nsing area.

signal switching device shall change to an ON state within 2 min after the\force has b
f the system has a reset, it shall be actuated. The deformation of the effective sensing ¢
1sed by the test piece shall be measured 1 h after removing the force. The depth of
n shall not exceed 2 mm, measured from the lowest part of the top.surface.

|

(see Figure 2) for 8 h at another location within 120 mm<{rom the edges of the effed
a.

signal switching device shall change to an ON state.within 2 min after the force has b
f the system has a reset, it shall be actuated. The deformation of the effective sensing ¢
1sed by the test piece shall be measured 1 h‘after removing the force. The depth of

Fatic force of (2 000 = 50) N shall be applied perpendicular to the effective sensing area throlugh

the

een
rea
the

fatic force of (750 + 20) N shall be applied perpendicular to the éffective sensing area through

tive

een
rea
the

deformatidn shall not exceed 2 mm, measured from the lowest part of the top surface.

7.6.3 Wi
time shall K

thin 30 min after measuring the deformation in 7.6.1 and 7.6.2, the actuating force and respq
e checked at the location at which theltest has been performed. For testing the actuating fi
and the redponse time, test piece 2 (see Table.1)’shall be applied. Test piece 4 shall also be applied
the pressufe-sensitive mats and pressure-sensitive floors are designed to detect persons (e.g. childfen)
weighing njore than 20 kg.

7.6.4 Foi
7.6.3 shall
the intendsd

to
ing

pressure-sensitive floors' which are integrated within a machine the tests given in 7.6.
be performed after,the/floor has been installed in the machine or with conditions simula
d installation.

Thelocatio
is achieved|

hused for theapplication of the force shall be selected so thatthelargestforeseeable deformafion

(e.g. farthéstfrom the supporting points or supporting surfaces of the sensor plate).

7.7 TestiNo: 4 — Number of operations

See 4.5 and-4:5.4 forthe rnqnirnmnnfc Seealsa C 313

7.7.1 Testing to requirement 4.5.1.1 (100 000 operations at each of five locations) shall be carried out as
shown in Figures 7 and 8 using test piece 6 (see Figure 2). The actuation shall be achieved by supplying a
working pressure of (3,8 £ 0,2) bar to the pneumatic cylinder according to ISO 15552 with 50 mm diameter
and 125 mm stroke. This working pressure shall also exist at the valve intake (cylinder control) at the
moment when the test piece impacts the effective sensing area. This can be achieved by a valve with 6 mm
nominal diameter which is directly connected to the pneumatic cylinder or through a short air line. This
line shall have a nominal diameter of at least 10 mm and a length less than 200 mm. A flow control valve

shall be installed in the downstream side to achieve an impact velocity of 0,55+8'05 m-s—1 of the test piece.
Where the effective sensing area consists of a combination of sensors, test piece 6 shall be applied at

locations 8, 16, 23, 24, and 26 as shown in Figures 9 and 10. One of these locations has to coincide with
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the location where the test 7.6.1 has been performed. For this test, the operations through test piece 6
(see Figure 2) at the effective sensing area shall be in the two directions shown in Figures 7 to 10. In
each direction 50 000 operations shall be performed at each location (giving 100 000 operations in
total). During this test, the test piece 6 shall be applied 20 times to each location consecutively until a
total of 50 000 operations has been completed at each location and in each direction.

During this test the output signal switching device is connected to the sensor(s) and the pressure-
sensitive mat or pressure-sensitive floor shall be operating. The sensor(s) shall be fixed with fastening
elements specified by the manufacturer in the manual.

7 7 2 Thotact of raoiraio N £+ 45 192 (o oo Aot e 10 an oot choll bha oo

FThe-test-of requirement4-5-12{one-million-operationsin-onelocation)-shal-be-earried out on a

single sensor with the output signal switching device disconnected, by applying test piece 5 {sge Figure 2)
havjng a mass of (75 * 1) kg and a vertical impact speed of 0,55+8'05 m-s~1. The test pieee.shall be applied

onelmillion times at a random location on a line 120 mm inside the edges of the effective sending area.

The test equipment surface which supports the sensor shall not move more thah 1,0 mm if a vertical
dirgction while the test is in progress.

For|this test, the time of one interval of an actuation shall be 4,04%'0 s.Diuring each interval, fest piece 5
shall touch the effective sensing area for (0,8 + 0,2) s.
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Dimensions in millimetres

14°

é =

connecfing cable (example)
dead zdne

1

2

3 testpiefce 6 (see Figure 2)
4  randonj location

[ length ¢f sensor

b  width df sensor

a  Inside diameter of the pneumatic cylinder, 50 mm, stroke 125 mm, according to ISO 15552.

Figure 7 [— Arrangement of pneumatic cylinder and locations for “Number of operations” tefst,
applied|to single sensor (horizontal component of force acting parallel to longest edge of sensoft)
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Dimensions in

Key

1 |connecting cable (example)
2 |dead zone

3 |test piece 6 (see Figure 2)
4 |random location

I |length of sensor

b |width of sensor

a Inside diameter of the pnewmatic cylinder, 50 mm, stroke 125 mm, according to ISO 15552.

Figure 8 — Arrangement of pneumatic cylinder and locations for “Number of operati

millimetres

pns” test,

applied to single sensor (horizontal component of force acting parallel to shortest edge df sensor)
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Dimensions in millimetres

connecting cable (example)

dead zdne
test piefce 6 (see Figure 2)
randon) location

1

2

3

4

5 randon location on joint line
6 jointlirfe
[ length ¢f sensor

b  width df sensor

a

Inside diameter of the pneumatic cylinder, 50 mm, stroke 125 mm, according to ISO 15552.

Figure 9 — Arrangement-of the pneumatic for test “Number of operations”, applied to
combinfation of sensors-(horizontal component of force acting parallel to longest edge of sensoq]
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Dimensions in millimetres

Key

1 |connecting cable (example)

2 |dead zone

3 |test piece 6 according to Figure 2
4 |random location

5 [random location on joint line

6 |jointline

[ |length of sensor

b |width of sensor

a

Inside diameter of the pneuimatic cylinder, 50 mm, stroke 125 mm, according to ISO 15552.

Higure 10 — Arrangement of pneumatic cylinder and locations for “Number of opefrations”
test, applied to combination of sensors (horizontal component of force acting parallel tp shortest
edge of sensor)

7.7{3 The-functioning of the pressure-sensitive mat or pressure-sensitive floor shall he checked
immediately after completion of the tests required by 7.7.1 and 7.7.2. The actuating force /resppnse test of
7.4 khall be made using test piece 2 (see Figure 2) and the response time test specified in 7.5 shpll be made
using test piece 7 (See Figure b) at the locations at which the tests of 7.7.1 and 7.7.Z have been performed.
When the tests of 7.7.1 and 7.7.2 have been completed, the pressure-sensitive mat or pressure-sensitive
floor shall comply with the requirements of 4.2 and 4.3.

If the pressure-sensitive mat or pressure-sensitive floor is designed to detect persons (e.g. children)
weighing more than 20 kg, additional tests for the actuating force using test piece 4 (see Figure 2 and
Table 1), and for the response time using test piece 8 (see Figure 6), shall be applied to the same locations
as the previous tests.

7.8 Test No. 5 — Output state of sensor

See 4.6 for the requirements.
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Test piece 2 (see Figure 2) with its corresponding actuating force according to Table 1 shall be applied
perpendicularly to the effective sensing area, in one random location for a minimum time of 8 h, of a
sensor with power ON as well as a sensor in the OFF state with power put ON after application of the force.

Where reset is provided, it shall be actuated.

The output state of the sensor shall change its state when this actuating force is applied and when power
is put ON with the actuating force present.

The outputstate of the sensor shall remain in that state until the actuating force isremoved, in accordance
with Figures A.1, A.2 and A.3.

During this test, the output level of the sensor shall not change to a level which allows the output'signal
switching ¢levice to revert to an ON state.

7.9 TestiNo. 6 — Response of output signal switching device to actuating force
See 4.7 for [the requirements.

The interag¢tion of separate functions as shown in Figures A.1, A.2 and A.3 shall be tested using test pjece
2 (see Figulre 2) with its corresponding actuating force according to Table 1‘applied perpendicularly to
the effectiye sensing area in one random location at room temperature.

7.10 TestiNo. 7 — Access for maintenance
See 4.8 for|the requirements.

Verificatiof shall be by inspection.

7.11 TestiNo. 8 — Adjustments
See 4.9 for the requirements.

Verificatiof shall be by inspection and by replacing the sub-assemblies authorized by the manufactyrer.

7.12 TestiNo. 9 — Connections
See 4.10 fof the requirements.

All dissimflar plug-in compoenents that are interchangeable within the pressure-sensitive maf or
pressure-sensitive floorhall be interchanged one at a time and each plug-in component shall| be
disconnected with power-ON.

7.13 TestiNo. 10~— Environmental conditions

See 4.11 fof the requirements.

7.13.1 Functional test

At the beginning and at the end of the tests according to 7.13.2 to 7.13.5, the function of the pressure-
sensitive mat and pressure-sensitive floor shall be verified using test piece 2 (see Figure 2) with its
correspondingactuating force accordingto Table 1, applied perpendicularly ataspeed of (100 + 5) mm-s-1
to the effective sensing area in one random location at room temperature. During this procedure, the
output signal switching device shall change from an ON state to an OFF state.

7.13.2 Test No. 10.1 — Temperature

See 4.11.2 for the requirements.
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The test shall be carried outaccording to Table 2 over the temperature range stated by the manufacturer.

Table 2 — Change of temperature

Test procedure Remarks

IEC 60068-2-14, Test Nb Pressure-sensitive mat or pressure-sensitive floor
is connected to the power supply.

For heating and cooling, the rate of change of temperature shall be (0,8 + 0,3) °C/min over the whole
temperature range. During the test, which shall be in accordance with IEC 60068-2-14, the functional

tes
wit
sen
7.1

See

The
per

Imn
wit
7.1
See
Safq

Imn
cha

according to 7.13.1 shall be carried outat I min intervals. I Nis testmay be performed Usl
h a effective sensing area smaller than the one indicated in 7Z.2. The dimensions of th
5ing area shall, however, not be less than 400 mm x 200 mm.

B.3 Test No. 10.2 — Humidity
4.11.3 for the requirements.

requirements concerning the resistance to humidity shall be verified according to Ta
od of four days.

Table 3 — Humidity

Test procedure Remarks
IEC 60068-2-78, test Cab Pressure-sensitive mat or pressure-sensitive floor
temperature: (40 * 2) °C is net’éonnected to the power supply.
relative humidity: (93 £ 3) %

hediately after the test of the resistance to.humidity, the insulation resistance shall be in
n [EC 61439-1:2011, 11.9.

B.4 Test No. 10.3 — Electromagnetic compatibility (immunity)
4.11.4 for the requirements.
ty-related requirements shall be verified in accordance with IEC 61000-6-2.

hunity shall be verified for the following states according to the test procedures, with th
racteristic values given in Table 4 and with the stated conditions given in 7.13.1:

pressure-sensitive mat or pressure-sensitive floor with supply energy;
pressuressensitive mat or pressure-sensitive floor with supply energy with applied actu

préssure-sensitive mator pressure-sensitive floor with energy supply, after removal of th

g asensor
e effective

ble 3 for a

hccordance

P indicated

hting force;

e actuating

force and prior to the execution of the reset.
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Table 4 — Electromagnetic compatibility (immunity)

Tests and characteristic values Test procedures
Surge installation class 3 IEC 61000-4-5
power, earth and input/output lines
Electrical fast transients (burst), IEC 61000-4-4
level 3 duration of test: 2 min
power, earth, and input/output lines
Electrostatic discharge, level 3 IEC 61000-4-2
Radiated, rnﬂin-Frnr}llnnPY electro- 1IEC61000-4.-3
magnetic field, level 3

7.13.5 Test No. 10.4 — Vibration
See 4.11.5 for the requirements.

The requirlements concerning vibration at the control unit and the output signahswitching devide(s)
shall be verified in accordance with Table 5. A function test in accordance with 7.13.1 shall be carfied
out at the heginning and end of the test and at 10 s intervals during this test:

Table 5 — Vibration

Test procedure Remarks

IEC 60068-2-6, test Fc Pressure-sensitive mator pressure-sensitive floor
is connecteédito the power supply.

7.14 TestiNo. 11 — Electrical power supply
The requirpments of 4.12.1 shall be verified in aceordance with IEC 60204-1:2005, Clause 4.

7.15 TestiNo. 12 — Electrical equipmeént

It shall be yerified that the electrical equipment meets the requirements of 4.13.

7.16 TestiNo. 13 — Enclosure
See 4.14 for the requirements:

All enclosulres shall be tested in accordance with IEC 60529.

7.17 TesiNo. 14~ PL according to ISO 13849-1

See 4.15 fof the'requirements.

Safety functions and categories shall be validated according to ISO 13849-2. The PL achieved shall be
compared with the PL required.

7.18 Test No. 15 — Slip-resistance

NOTE At the time of publication of this part of ISO 13856 no International Standard existed which addressed
the testing of slip-resistance. General guidance is given in ISO 14122-2.

7.19 Test No. 16 — Additional coverings of top surfaces of sensor(s)

See 4.19 for the requirements.
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This test shall be carried out by selecting the least favourable combination of factors for each test
according to 7.1 to 7.18.

7.20 Test No. 17 — Failure due to blocking or wedging

The requirement of 4.20 shall be verified by inspection and, if any doubt remains, by a specific test.
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Annex A
(normative)

Timing diagrams for pressure-sensitive mats/floors with/

without reset

Figures A.1 to A.3 show the response of output signal switching device(s) to actuating force (see 4./
a)|—
b)
I
I
[ ' [
c) :
L\ I
|
I
d) | |
|
[
e) }
I
A B C D EF G H t
Ir
Key
a) power fo pressure-sensitive mat/pressure-sensitive floor e) output of output signal switching device
b) actuating force t time
c) resetsignal tr response time
d) sensor putput
A power fo pressure-sensitivemat or pressure-sensitive floor ON: output of the output signal switching devi
remaing in OFF state because the pressure-sensitive mat or floor not reset
B  reset aghieved: outputof output signal switching device turns to ON state because sensor output turned O
due to ¢peration.of feset button without actuating force on sensor
C  output pf outptit-signal switching device turns to OFF state because sensor output turned OFF due to

actuatiIg farce on sensor

D startin

Pz

point of reset signal: operation of 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 as long as force present on sensor; output of output signal switching device remains in OFF state

F  actuating force removed from sensor: output of output signal switching device remains in OFF state because
reset not applied

G resetachieved: 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

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

Figure A.1 — Relationship between actuating force, reset signal, sensor output and output of

32

output signal switching device(s) (sensor output initiated by reset)
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Key]

I

power to pressure-sensitive mat/pressure-sensitive floor
actuating force

reset signal

sensor output

output of the output signal switching device(s)

time

response time

power to pressure-sensitive mat or pressure-sensitive floor ON: output of output signal switchin
remains in OFF state because pressureisensitive mat or floor not reset; sensor output turned ON
power turned ON.

reset achieved without actuating fetce on sensor: output of output signal switching device turns
due to operation of reset button while sensor output turned ON

actuating force on sensorisensor output turned OFF, turning output of output signal switching d
OFF state

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

reset signal h@s)been present: cessation of reset signal has no effect on output of output signal sy
device as loug-as force present on sensor; output of output signal switching device remains in Ol

g device
when

to ON state
evice to
vitching

vitching
'F state

actuatifigyforce removed from sensor: sensor output turns ON but output of output signal switchfing device

remains in OFF state because reset not applied after removal of force
réset achieved without actuating force on sensor: output of output signal switching device turns

to ON state

due to operation of reset button while sensor output turned ON.

power to pressure-sensitive mat or pressure-sensitive floor OFF: output of output signal switching device

turns to OFF state because sensor output turned OFF

Figure A.2 — Relationship between actuating force, reset signal, sensor output and output of

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

d)

e)

I

Key
a) power o pressure-sensitive mat/pressure-sensitive floor
b) actuatipg force

d) sensor putput

e) output pf the output signal switching device(s)

t time
tr responge time

A power fo pressure-sensitive mat or pressure-sensitive floor ON: sensor output turned ON when power turhed
ON

B output pf output signal switching device turns to/ON state because no actuating force on sensor

C actuatiallltg force on sensor: sensor output is gurhed OFF turning output of output signal switching device to
OFF state

G  output pf output signal switching devige turns to ON state because sensor output turned ON due to actuating
force b¢ing removed from sensor

H power fo pressure-sensitive mat or-pressure-sensitive floor OFF: output of output signal switching device
turns tq OFF state because sensor output turned OFF

NOTE Reset is provided by'the control system of the machine, see Figure 1 and 4.7.2.

Figure AJ3 — Relationship between actuating force, sensor output and output of output signal
switching device(s) (without reset)
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Annex B
(informative)

Application notes

General
=enera:

These application notes are presented as recommendations to manufacturers for dnclus
insfruction handbook. When selecting pressure-sensitive mats or pressure-sensitive floprs, a
be prepared which contains, amongst other information, the recommendations givenin B.2 t

B.

The surface quality should meet the requirements stated by the manufacturer.

EXAMPLE 1

Ca

EXA

B.3

Wh
ISO

B.4

The

Mounting surface (location)

e entry points to sensors should be considered, in orderto ensure
controls are situated in appropriate positions,

no tripping hazards are created due to connecting cables, and

no dead zones are created in areas to be prdtected.

MPLE 2 Sensors can have a dead zone adjacent to the entry point of connecting cables.

Size of the sensor
bn considering the sensgrydimensions, the minimum distance to the hazard zone ac
13855 should be taken into account.

Selection criteria
following aré some features which should be considered when selecting the system:

whethexthe pressure-sensitive mat or pressure-sensitive floor is suitable or whether
measures (e.g. guards) are required;

ion in the
blan should
B.5.

Irregularities can impair the function of the sensor of pressure-sensitive mat or pressufre-sensitive
floof and should therefore be reduced to an acceptable minimum.

cording to

additional

g)
h)

determination of the required category and Pl for the safety related parts of the cont

rol system

of the pressure-sensitive mat or pressure-sensitive floor in accordance with ISO 13849-1 and/or a

relevant type C standard;

use as a single device, or in combination with other devices;
ability to combine sensors;

avoidance of dead zones;

frequency of operating cycles and lifetime of the system;
output signal switching device switching capacity;

static loading, such as parts of machinery resting on the surface;
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i) loading by wheeled traffic, e.g. driving, braking and turning;

j) temperature and humidity;

k) rapid variations in temperature and humidity;

1) effects of chemicals, such as oils, solvents, cutting fluids and combinations of these fluids;
m) effects of flooding, e.g. when cleaning and in case of leakages;

n) effect of foreign bodies such as swarf, dust and sand;

o) additignal covering for the sensor;
p) stressdue to vibration, shocks, etc.;

q) high electro-magnetic interference, such as can be found on certain types of welding-equipment pnd
radio tfransceivers;

r) supply|voltage fluctuations outside the specification given in IEC 60204-1, which'may be caused by
the swijitching of large loads;

s) sensitivity levels which can differ from the requirements of this part of1SO 13856;
t) need fIr reset and the location of the reset button;
u) need for special wording, signs and marking;

v) sensor|fixing.

B.5 Comparison between well-designed and poorly-designed installation

See Figure$ B.1 and B.2.
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a |Additional fixed guards are fitted'which prevent access to the hazard zone of the machirery.

b [The fixed guard is arranged\and designed so that there is no access to the hazard zone between
the fixed guard and the sensors. The fixed guard permits access to the hazard zone throfigh the
sensors only.

¢ |Asloping cover plate prevents the operator standing at the side of the effective sensing fiield and in
the hazard zene!

d [Sensorsane properly installed.

e |The déead zones of the sensors are located such that the protective function will not be ithpaired.

ThEao 4+ 3 L. d o+l d H pa | d L £+l it of TL h
TTIIC TP pPHTE IrazZar tat arc-SCISOT CU gt TS TCUOCC U Uy a T ailrp-at circpoOTTc OT aCCeSS T IICT mp can

also protect connecting cables.
g8 The cable trunking is installed at the outside of the fixed guard.

h  Reset button is located in a well protected location from where the hazard zone is fully visible.

Figure B.1 — Well-designed installation
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