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1) T

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY -
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT -

Part 3: Particular requirements for active opto-electronic protective
devices responsive to diffuse reflection (AOPDDR)

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardjzation comy

end and in addition to other activities, IEC publishes International Standards, Technical Specific
chnical Reports, Publicly Available Specifications (PAS) and Guides (heredfter referred to as

rvices carried out by independent certification bodies.

users should ensure that they have the latest edition of this publication.

rising

national electrotechnical committees (IEC National Committees). The object of [EC"is to prpmote
rnational co-operation on all questions concerning standardization in the electrical and|electronic fielfls. To

tions,
“IEC

blication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee intefested

non-

ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates glosely
h the International Organization for Standardization (ISO) in accordance’ with conditions determined by

tional

sensus of opinion on the relevant subjects since each technical committee has representation fropm all

tional

mmittees in that sense. While all reasonable efforts arevinade to ensure that the technical content ¢f IEC

r any

order to promote international uniformity, IEGNational Committees undertake to apply IEC Publidations
nsparently to the maximum extent possible Tn*their national and regional publications. Any divergence
ween any |IEC Publication and the corresponding national or regional publication shall be clearly indicated in

itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
essment services and, in some aréeas, access to IEC marks of conformity. IEC is not responsible fpr any

7) Ng liability shall attach to IEC or its directors, employees, servants or agents including individual experfs and
mgmbers of its technical.committees and IEC National Committees for any personal injury, property damage or

ot
ex
Py
8) At
in
9) At

er damage of any (hature whatsoever, whether direct or indirect, or for costs (including legal feeg

blications.

ispensabléfor the correct application of this publication.

) and

penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC
ention is drawh to the Normative references cited in this publication. Use of the referenced publicatipns is

entionSis“drawn to the possibility that some of the elements of this IEC Publication may be the sublect of
parent rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61496-3 has been prepared by IEC technical committee 44: Safety
of machinery — Electrotechnical aspects.

This third edition cancels and replaces the second edition published in 2008. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) extension of the scope from AOPDDR-2D to AOPDDR-3D;
b) extensich-of-the-scopefromType3-ESREtoType2 ESPE;

c) implementation of requirements and test procedures for AOPDDR-3D and Type 2.ESHE;

d) listing of reference boundary monitoring as an optional function of the ESPE;

e) implementation of instructions for positioning of AOPDDR-3D in respect-of parts of the
hpiman body;

f) revised requirement for combinations of single faults with conditions’ for no failufe to
danger, see for example 4.2.2.4, last paragraph.

The fext of this standard is based on the following documents:

FDIS Report on veiing

44/831/FDIS 44/83T7{RVD

Full ihformation on the voting for the approval of this standard can be found in the repdrt on
votinp indicated in the above table.

This publication has been drafted in accordahce with the ISO/IEC Directives, Part 2.

This document is to be used in conjunctien with IEC 61496-1:2012.

Whete a particular clause or subclause of IEC 61496-1:2012 is not mentioned in| this
document, that clause or subhctause applies as far as is reasonable. Where this document
states "addition" or "replacement”, the relevant text of IEC 61496-1:2012 is adapted
accofdingly. Clauses and subclauses which are additional to those of IEC 61496-1:2019 are
numbered sequentially,fellowing on the last available number in IEC 61496-1:2012. Whefe no
availgble number ekist, the additional subclauses are numbered starting from |101.
Supplementary Annexes are entitled AA and BB.

A list of all~parts in the IEC 61496 series, published under the general title Safety of
macllinery .= \Electro-sensitive protective equipment, can be found on the IEC website.

The gommittee has decided that the contents of this publication will remain unchanged| until
the stability date indicated on the IEC web site under "http://webstore.iec.ch™ in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or
e amended.

IMPORTANT — The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

An electro-sensitive protective equipment (ESPE) is applied to machinery presenting a risk of
personal injury. It provides protection by causing the machine to revert to a safe condition
before a person can be placed in a hazardous situation.

This part of IEC 61496 supplements or modifies the corresponding clauses in IEC 61496-1 to
specify particular requirements for the design, construction and testing of electro-sensitive
protective equipment (ESPE) for the safeguarding of machinery, employing active opto-
electronic protective devices responsive to diffuse reflection (AOPDDRSs) for the sensing
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type of machine presents its own particular hazards, and itjis’not the purpose o

o the complexity of the technology, there are many issues that are highly depende

of confidence, independent review by relevant expertise is recommended.

jusj
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this

ment to recommend the manner of application of the ESPE(to any particular machine.
ppplication of the ESPE-should—be is a matter for agreement between the equipment
ier, the machine user and the enforcing authority. In thiS/context, attention is drayn to
blevant guidance established internationally, for example, IEC 62046 and ISO-AR 12100.

nt on

sis and expertise in specific test and measurement techniques. In order to provide a high
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SAFETY OF MACHINERY —
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT —

Part 3: Particular requirements for active opto-electronic protective
devices responsive to diffuse reflection (AOPDDR)

1 Scope

This [part of IEC 61496 specifies additional requirements for the design, conStruction and
testing of-ren-centact electro-sensitive protective equipment (ESPE) designed, specificafly to
deteg¢t persons or parts of persons as part of a safety-related system, employing active ppto-
electfonic protective devices responsive to diffuse reflection (AOPDDRS)® for the sepsing
functjon. Special attention is directed to requirements which ensureCthat an appropriate
safetly-related performance is achieved. An ESPE-may can includé.optional safety-related
functjons, the requirements for which are given both in Annex A “of this document and in
Annex A of IEC 61496-1:2012.

This document does not specify the dimensions or configurations of the detection zone and its
dispgsition in relation to hazardous parts for any particular-application, nor what constitutes a
hazafdous state of any machine. It is restricted to_the“functioning of the ESPE and hpw it
interfaces with the machine.

AOPDDRs are devices that have-a either

— ophe or more detection zone(s) specified in two dimensions (AOPDDR-2D), or
— ope or more detection zone(s) specifiéd in three dimensions (AOPDDR-3D)

whergin radiation in the near infrared range is emitted by-a-transmitter an emitting elemenpnt(s).
When the emitted radiation impifnges on an object (for example, a person or part of a person),
a poftion of the emitted radiation is reflected to a receiving element(s) by diffuse refldction

wherpby-the presence-of the=bbjectcan-be-detected. This reflection is used to determing the

positlon of the object.

NOTEH Under certainscitcumstances—limitations—of the sensor-in—relation-to-its—use need-to-be consider For
N Raer—ceriiafredmstances—HatdonRs—otthe-SenRsecrHhrelatdoRto S Hse-hReeatobe—conRsiaet —0+

Opto-electronic devices that perform only a single one-dimensional spot-like distance
measurements, for example, optical proximity switches, are not covered by this document.

This document does not address those aspects required for complex classification or
differentiation of the object detected.

This document does not address requirements and tests for outdoor application.

Excluded from this document are AOPDDRs employing radiation with the peak of wavelength
outside the range 820 nm to-946 950 nm, and those employing radiation other than that
generated by the AOPDDR itself. For sensing devices that employ radiation of wavelengths
outside this range, this document-may can be used as a guide. This document is relevant for

AOPDDRs having a-stated-detection—capabiity minimum detectable object size in the range
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from

30 mm to 200 mm

This

pers(
those
wher

prope

This

document-may can be relevant to applications other than those for the protegti
ns, for example, for the protection of machinery or products from mechanical damag

the materials that have to be recognized by the sensing function_have diff
prties from those of persons and their clothing.

bn  of
e. In

applications, different requirements—may can be-necessary appropriate, for example

erent

document does not deal with electromagnetic compatibility (EMG)e€mission requirements.

2 Normative references

Clauge 2 of IEC 61496-1:2012 applies, except as follows.

Addition:

IEC 60068-2-14:1984,—Basie Environmental testing-procedures — Part 2-14: Tests — Tejst N:
Charlge of temperature

Amendment 1-(1986)

IEC $0068-2-75:1997-08, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tepts
IEC TR 60721-4-5, Classificatién® of environmental conditions — Part 4-5: Guidance fof the
correlation and transformationn of environmental condition classes of IEC 60721-3 t¢ the
envirpnmental tests of IEC'60068 — Ground vehicle installations

IEC $0825-1:2014, (Safety of laser products — Part 1: Equipment classification| and
requirements-anguser's-guide

IEC $1496-1:2004 2012, Safety of machinery — Electro-sensitive protective equipmént —
Part [L: General requirements and tests

IEC 420461 lence
of persons

IEC 62471, Photobiological safety of lamps and lamp systems

ISO 13855:2002 2010, Safety of machinery — Positioning of-protective-eguipment safeguards
with respect to the approach speeds of parts of the human body

EN-471:2003-09 |SO 20471:2013, High-visibility-waraing clothing-ferprefessional-use — Test

meth

ods and requirements



https://iecnorm.com/api/?name=3d5784aa9616996de287dd58378a9fa8

- 10 - IEC 61496-3:2018 RLV © IEC 2018
3 Terms and definitions
Clause 3 of IEC 61496-1:2012 applies, except as follows.
Replacement of 3.3 and 3.4:
3.3
detection capability
ability to detect the specified test pieces (see 4.2.13) in the specified detection zone
Note ¥ to entry: A list of influences which can affect the AOPDDR detection capability Is given in 4.2.12.1.
Note 3 to entry: Detection capability is often described by the minimum detectable object size and“\the [object
reflecfivity. The supplier can state more than one value as the minimum detectable object size,for example
depending on distances or mounting conditions. For an AOPPDR-2D the minimum detectable ghjéct size |is the
diamefer of the cylindrical test piece.
3.4
detegtion zone
zone|within which the specified test piece(s) (see 4.2.13) is detected. by the AOPDDR with a
minimum required probability of detection (see 4.2.12.2)
Note 1 to entry: A tolerance zone is necessary to achieve the required probability of detection of the specifigd test
piece(s) within the detection zone.
Addifion:
3.301
activle opto-electronic protective device resp@nsive to diffuse reflection
AOPDPDR
devide, whose sensing function is performed by opto-electronic emitting and recdiving
elempnts, that detects the diffuse reflection of optical radiations generated within the dgvice
by an object present in a detection zonespecified in two or three dimensions
Note 1 to entry: A receiving element can be composed by optics/optic-arrays and a single sensor element($) or a
sensof array(s).
Note 74 to entry: This note applies\e the French language only.
3.307
AOPPRR-2D
AOPDDR that has one or more detection zone(s) specified in two dimensions

Note 1 to entry:

AOPD

DR is regarded as 2D (see Figures 1 and 2).

For example, a third dimension is not greater than the minimum detectable object size, then the

Note 2 to entry: A typical example of an AOPDDR-2D is a laser scanner that performs distance measurement by
measuring the time a pulse needs for travelling from the sensing device to an object and back to the sensing
device. An AOPDDR-2D that has more than one detection zone may carry out distance measurements in different
planes.

Note 3 to entry: This note applies to the French language only.

3.303
AOPDDR-3D
AOPDDR that has one or more detection zone(s) specified in three dimensions
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Note 1 to entry: For example, a third dimension as specified by the supplier is greater than the minimum
detectable object size, the AOPDDR is regarded as 3D (see Figures 1 and 2). The detection zone(s) can be set-up
for example as a volume in the shape of a pyramid or a cone.

Note 2 to entry: Typical examples of AOPDDR-3D are laser scanners with two perpendicular positioned moving
mirrors or time-of-flight-cameras (TOF) that perform distance measurement on several pixels. An AOPDDR-3D that
has more than one detection zone may carry out distance measurements in different volumes.

Note 3 to entry: This note applies to the French language only.

3.304
basic test distance
BTD
Radigs,Tespectvety widthandtengtT (or equivatent vaiuesy, of the detecton zone usgd for
test get-up

Note 1 to entry: For dimension of BTD, see 5.1.1.2.

Note 7 to entry: This note applies to the French language only.

3.30f
centfe axis
line fthrough the origin of distance measurement and the centre_ofthe maximum detégction
zone|stated by the supplier

Note ] to entry: See Figure 1 and Figure 2.

3.30¢
cornpr axis
line through the origin of distance measurement a&nd defined by the bounding line of the
detegtion zone

Note ] to entry: See Figure 1 and Figure 2.

3.30]
minimum detection zone
lowest dimension of the detection{zone which is necessary to ensure the integrity of the
detegtion capability

3.308
posifion accuracy
accufacy in two or thre@ dimensions of the position of an object as measured by the AOPPDR

3.303309

tolerpnce zon€
TZ
zone| outside of and adjacent to the detection zone within which the specified test piece(s)
(see [4:2.43) is detected with a probability of detection lower than the required probdbility

withirrthredetection—zone

Note 1 to entry: The tolerance zone is necessary to achieve the required probability of detection of the specified
test piece(s) within the detection zone

Note 2 to entry: For explanation of the concept of probability of detection and the tolerance zone, see Annex BB.

Note 3 to entry: This note applies to the French language only.

3.310

zone with limited detection capability

zone, between the optical window and the beginning of the detection zone, where the
detection capability is not achieved

Note 1 to entry: The dimensions and appropriate information for use of the zone with limited detection capability
are provided by the supplier.



https://iecnorm.com/api/?name=3d5784aa9616996de287dd58378a9fa8

-12 - IEC 61496-3:2018 RLV © IEC 2018
Addition:

3.101 Abbreviated terms

AGV automated guided vehicle
BTD basic test distance

POD probability of detection
TZ tolerance zone

4 Functional, design and environmental requirements

4.1 | Functional requirements

4.1.3] Types of ESPE

Replacement:

In th|s document, only type 2 and type 3 ESPE-is are considered. The types differ in|their
perfgrmance in the presence of faults and under influences frowy environmental conditiops. It
is the responsibility of the machine supplier and/or the userto” prescribe-i-this which type is
suitaple for a particular application.

The type 2 ESPE shall fulfil the fault detection requiréments of 4.2.2.3 of this document. In
normfal operation, the output circuit of each of atNeast two output signal switching depices
(OSYDs) or of one output signal switching device (OSSD) and one secondary swit¢hing
devide (SSD) of the type 2 ESPE shall go@4o the OFF-state when the sensing devige is
actugted, or when the power is removed from*the device.

The fype 3 ESPE shall fulfil the faultidetection requirements of 4.2.2.4 of this document. In
normial operation, the output circuithof each of at least two output signal switching depices
(OSSDs) of the type 3 ESPE shall go to the OFF-state when the sensing device is actupted,
or when the power is removedfrém the device.

When a single safety-related data interface is used to perform the functions of the OSSD(s),
then |the data interfagé™and associated safety-related communication interface shall meqt the
requifements of 4.204)4. In this case, a single safety-related data interface can substitule for
two @SSDs in atype 3 ESPE.

Addifion:

4.1. Zohe(s) with limited detection capability

A ohe-heihweaen aYaWraYVa AN AO\A a Q a¥a )
zone-with-limited-detection—capability- In order to ensure no hazard can arise in a particular
application due to the presence of-this one or more zone(s) with limited detection capability
between the optical window and the detection zone, its dimensions and appropriate
information for use shall be provided by the supplier.

A If the zone with limited detection capability-shal-net extends more than 50 mm from the
optical window in direction to the—plahe—of detection zone(s), then additional and effective
technical measures shall be applied to prevent undetected presence of objects or persons or
parts of persons in the zone with limited detection capability.
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4.2 Design requirements
4.2.2 Fault detection requirements
4.2.2.2 Particular requirements for atype 1 ESPE

4.2.2.2 of IEC 61496-1:2012 does not apply.

4.2.2.3 Particular requirements for atype 2 ESPE
hi : . licable.

Repllacement:

Q>
A tyde 2 ESPE shall have a means of periodic test to reveal a failure to dange'r\%or exgmple
loss pf detection capability, response time exceeding that specified). (19
The fest shall be performed also at power-on of the ESPE before going to e ON-state ahd at
each|reset. Oy
N
Depgnding on the application, the periodic test may need to b@performed more often to
achigve a desired safety performance. Generic functional sa tandards give requirenmients
how |often periodic test have to be applied to fulfil the ‘R irements for a certain slafety
perfgrmance. << @)
NOTE|1 The periodic test can be initiated by external or inteer ans.
When it is not possible to reveal a failure @nger by periodic tests other equivialent
meagures shall be applied. <
)
A single fault resulting in the loss of the\s\ated AOPDDR detection capability or the inciease
in regponse time beyond the specifie@@he or preventing one or more of the OSSDs goipg to
the QFF-state shall result in a Iock;@yt condition as a result of the next periodic test.
A sirlgle fault resulting in th ‘@rioration of the stated AOPDDR detection capability |shall
result in a lock-out conditior(a least as a result of the next periodic test. If periodic test pycle
is leps than 5s then deterioration of the stated AOPDDR detection capability shall be
dete¢ted within 5 s. O
NOTE|2 Examples%g\%rioration of the AOPDDR detection capability include
— thie increase Q-h minimum detectable object size,
— thie increa the minimum detectable reflectivity, and;
- the déggase of position accuracy.
The 3§urrenc of-single—faults shal-beconsidered-byanalysisandlortestwith-eachdf the
following conditions and throughout the entire detection zone:

environmental conditions specified in 4.3;

at the limits of alignment and/or adjustment.

Where the periodic test is intended to be initiated by an external (for example machine)
safety-related control system, the ESPE shall be provided with suitable input facilities (for
example terminals).

The duration of the periodic test shall be such that the intended safety function is not impaired,
especially if the ESPE is intended for use as a trip device.
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If the periodic test is automatically initiated, the correct functioning of the periodic test

shall

be monitored. In the event of a fault, the OSSD(s) shall be signalled to go to the OFF-state. If

one or more OSSDs do(es) not go to the OFF-state, a lock-out condition shall be initiated.

An ESPE with only one OSSD shall have a minimum of one SSD (see Clause A.4 of

I[EC 61496-1:2012).

4.2.2.4 Particular requirements for atype 3 ESPE

Replacement:

A single fault in the sensing device resulting in a complete loss of the stated AOP

DDR

detegtion capability shall cause the ESPE to go to a lock-out condition within the specified

respgonse time.

NOTE|1 For AOPDDR using rotating mirrors for scanning the detection zone, this requiremgnt.can be fulfil
scann|ng on a defined reference object located outside the detection zone and the tolerancg, zone.

A single fault resulting in a deterioration of the stated AOPDDR detection capability

ed by

shall

causg the ESPE to go to a lock-out condition within a time period of 5 s following the

occufrence of that fault.

NOTE|2 Examples of deterioration of the AOPDDR detection capability include
— thle increase of the minimum detectable object size,

— thle increase in the minimum detectable—reflectanee reflectivity~atd

— thle decrease of-measurement position accuracy.

A single fault resulting in an increase in response time beyond the specified valy
preventing at least one OSSD going to the OFF;state shall cause the ESPE to go to a loc
cond|tion-immediately—e- within the response time, or immediately upon any of the follg
demgnd events where fault detection requires a change in state:
N actuation of the sensing function;

h switch off/on;

IEC 61496-1:2012);

0
0
— o reset of the start inteplock or the restart interlock, if available (see Clauses A.5 an
0
op the application ofian external test signal, if available.

e or
k-out
wing

l A.6

NOTE| An external test signal-may can be required if, for example, in a particular application,

the frequency of.actuation of the sensing function is foreseeably low and the OSSDs
monifored only:at the change of state.

are

In cases where a single fault which in itself does not cause a failure to danger-ef-the-ESPE is
not detected, the occurrence of-further one additional faults shall not cause a failure to danger.

For verification of this requirement, see 5.3.4.

The occurrence of single faults shall be considered by analysis and/or test with each of the

following conditions and throughout the entire detection zone:

— environmental conditions specified in 4.3;
— at the limits of alignment and/or adjustment.
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4.2.2.5 Particular requirements for atype 4 ESPE

4.2.2.5 of IEC 61496-1:2012 does not apply.

Addition:

4.2.12 Integrity of the AOPDDR detection capability

4.2.12.1 General

The design of the AOPDDR shall ensure that the detection capability is not decreased below

the ljmits—specified by the supptier and—m this document by any of, but ot timited (g, the
following: O

agel ©
—€q :
——dif

.
——in|
—cpA

I with
If S tinao
H i ing
so oo
sotogien—an : — el

X ! ' ]

cons;

a)
b)
c)
d)

e)

reflectivity of objects in the range defined for the test pieces to be detected;
the position, size and number of objects within the detection zone;

the size of detection zones;

auto-adjustment, for example the following:

1) gain control;

2) sample rate;

3) shutter time;

4) optical characteristics;

properties/limitations of the emitting/receiving element, optics and signal processing, for
example the following:

1) signal noise;
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2) dynamic range;
3) sensitivity and uniformity (e.g. cold and hot pixels);
4) micro lenses;
5) change of characteristics;
f) calibration of the sensing device;
g) accuracy of object position in image(s);
h) at the limits of alignment and/or adjustment;
i) environmental conditions specified in 4.3;

j) cpmponent tolerances;

k) changing of characteristics of internal and external references to ensure theydetection
cppability.

NOTE|1 Under certain circumstances, limitations of the sensor in relation to its use need tQ\be considered. For
examiple,

obpjects that generate mirror-like (specular) reflections cannot be detected if the portion-of diffuse reflect|vity is
leps than that specified for the "black” test piece;

— th¢ determination of the minimum reflectivity for the detection of obstacles is baset on the clothing of a pprson;
itfis possible that objects having a reflectivity lower than that considered in ts,document are not detecte(d.

NOTE| 2 The technique of scanning on a reference object can satisfy the réquirement in respect of ageing of
compgnents. Other techniques giving the same level of assurance-may can\be€ used.

4.2.12.2 Detection zone(s) and tolerance zone(s)

The supplier shall specify the tolerance zone(s).

The supplier shall take into account worst-case"conditions including, for example, signgl-to-
noisq ratio S/N and standard deviation o cofsidering all influences listed in this document and
any gdditional influences specified by thessupplier (environmental influence, component faults,
multifpath reflections etc.).

The |supplier shall specify the, refevant parameters of the detection zone(s), incliiding
operating distance and scanning‘angle or field of view. The geometry and/or frequency (shall
be syfficient to ensure that @ test piece with a diameter of the specified minimum detedtable
objeqt size is detected at the maximum operating distance. The supplier shall define values in
the range of 30 mm to200 mm as the minimum detectable object size of the AOPDDR| The
minimum detectable.object size may be distance dependent.

The restrictionsefithe minimum detectable object size to the range of 30 mm to 200 mym is
basefl on cument applications. Additional requirements can be necessary for AOPDDRs
havirlg deteetion capabilities outside this range.

NOTE| INWor an AOPDDR-2D the detection capability can be determined by the optical geometry so that one
complete beam will impinge on the specified test pieces in the maximum distance of detection zone and tolerance
zone for a special design. In this case, the distance between the centre of two adjacent emitter beams (except the
first and the last one) will not exceed half the diameter of the test pieces. For other designs, it can be more difficult
to carry out the verification according to 5.2.1.2 and 5.2.11, especially when movement of objects is taken into
account.

All points on a path projected from any point on the border of the detection zone to the
receiving element(s) of the AOPDDR shall be within the detection zone or the zone with
limited detection capability (see 4.1.6).

The tolerance zone depends on systematic—interferences influences, measurement faults,
resolution of the measurement values, etc. and is necessary to ensure the required detection
probability within the detection zone. Figures 1 and 2 show examples of tolerance zones.
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Top view
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The fest pieces (see 4.2.13) shall be detected with a minimum probability of detectipn of
1 — P,9 x 107 throughout the detection zone(s). To achieve this minimum probability of
detegtion, the tolerance zone is added to the detection zone (see Figure BB.2). Even if a
meagured distance ‘value of a test piece falls into the tolerance zone, this test piece wjll be
deteqmined as detected and the OSSDs shall go to the OFF-state or remain in the OFF-state.

NOTE|2 The.telerance zone is not included in the detection zone.

NOTE|3<_Probability of detection as used in this document is not related to the probability of faults.

NOTE Special attention may be required when the detection zone of AOPDDR is made up by
more than one—transmitting emitting and/or receiving unit to ensure that the AOPDDR
detection capability is not affected between the fields of view of these units.

When a test piece is placed on the boundary between the detection zone and the tolerance
zone (i.e. on the border of the detection zone) the measured distance values of this test piece
shall be the median point of the distribution of measurement values determined using a test
piece with a reflectivity of any value from that of the "black" test piece to that of the "white"
test piece. The supplier shall document the reflectivity of the test piece and the calculations

used.

NoFE The value for the-ranging position accuracy and the tolerance zone is not necessarily a
constant. It can, for example, be a function of the measurement distance. It can be necessary
to take into account that the size of parts of the tolerance zone can be related for example to
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the diameter of the test piece and the beam position. The dimensions of the tolerance zone in
the three axes can be different.

NOTE 4 |If the AOPDDR has a facility to automatically set its detection zone(s), the ranging error of the set values
is taken into account when determining the tolerance zone (see Clause A.11).

NOTE 5 Annex BB gives additional information about the relationship between-ranging position accuracy and
probability of detection.

IEC
Key
1 AQPDDR-2D
2 AQPDDR-2D coatdinate system
3 zope with limited=detection capability (detection is not ensured)
4 defection zone within which the specified test piece(s) is detected by the AOPDDR with a minimum refjuired

prgbabilitycof detection

tolprancezone (detection is not ensured)

maximm detection zone (e. g. maximum operating distance and scanning angle)
maximum operating distance

reference plane, for example floor

origin of distance measurement

10 centre axis

11 corner axis

© 00N O O

Figure 1 — Detection zone of an AOPDDR-2D
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AQPDDR-3D O

AQPDDR-3D (@ate system
zohe with Iir@ detection capability (detection is not ensured)

de ectimﬁne within which the specified test piece(s) is detected by the AOPDDR with a minimum refjuired
préb ity of detection

A WON P

tolgéu\n zaona (dataction ic nat anciirad)

\ 7
maximum detection zone (e. g. maximum operating distance and field of view)
maximum operating distance

reference plane, for example floor

© 00 N o O

origin of distance measurement
10 centre axis

11 corner axis

Figure 2 — Detection zone of an AOPDDR-3D
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4.2.12.3 Influences on detection

4.2.12.3.1 General
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Figure 3 — AOPDDR used as a trjyp device with orthogonal
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\Q\Q)

sensing device shall be actuated s&*'the OSSDs shall go to the OFF-state wh

irical test piece with a diameter o 0 mm and a length of 200 mm in accordance

3 is moving through the detectioQ&one such that the direction of movement and th¢g

P test piece are orthogonal to,t\@ detection zone at a speed of 1,6 m/s.

zone upper border with b 2 1 400 mm

N
e the supplier states t \cofn AOPDDR can be used to detect objects moving at sp

DDR as a trip d with orthogonal approach, this value shall be used as the diar
p cylindrical test piece.

.

is pr in the detection zone.

O

L the@s) go to the OFF-state, they shall remain in the OFF-state while thg

en a
with
axis

eeds
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test
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throu

%e purpose of this requirement is to ensure that the OSSDs go to the OFF-state when a person ¢
+ dat ion —2on

1Y 41
T

4.2.1

OO0t

2.3.3 AOPDDR used as a trip device with orthogonal approach (150 mm

minimum detectable object size)

When using an AOPDDR as a trip device with 150 mm minimum detectable object size the
height of the detection zone above the reference plane, for example the floor, shall include
the range between 300 mm and 1 100 mm. Figure 4 shows an example.

NOTE

1 Aspects of reaching over are dealt with in ISO 13855.
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2.4 Minimum detection zone

The supplier shall specify the minimum detection zone(s). The supplier shall take into account
the conditions as described in 4.2.12.3.1.

4.2.1

4.2.1

3 Test pieces for type testing

3.1 General

The test pieces are part of the AOPDDR and shall therefore be provided by the supplier for
use in the type tests of Clause 5. They shall be marked with a type reference and

ident

ification of the AOPDDR with which they are intended to be used.
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For AOPDDR-2D, the test pieces shall be a cylinder with a diameter equal to the minimum
detectable object size and a minimum effective length of 0,2 m except the dimensions which
are defined in 4.2.12.3.2 and 4.2.12.3.3. Other diameters within the range of 30 mm to 200
mm may be required for testing depending on the minimum detectable object size of the
AOPDDR-2D.

NOTE

1 The minimum effective length of the test pieces has been selected for ease of use.
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t¢ be used for hand detection. The test piece does start with a diqfl}

then the test piece shall be a cylinder

then the test piece shall be a C{@ er with a diameter of 200 mm and a length of 200

OPDDR-3D, the test pieces shall be cylinders as defined for AOPDDR-2D or \h%l
al test piece — see a) — and a cylindrical test piece — see b) and c).

onical test piece: The test piece shall be a truncated cone if the AOPDD§ is inte|
er of 20

creasing up to 40 mm over a length of 160 mm. Oy
/

he test piece shall be a truncated cone in combination with a cyli@r if the AOPDD
intended to be used for arm detection. The test piece starts a diameter of 4(

ith a diameter of 55 mm to an overall length of 440 mm.
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ngth of 1 000 mm.
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2 A cylindrical test piece with meter of 200 mm is intended to represent the thickness of a body.
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| test piece (performed by Institut fiir Arbeitsschutz (IFA), 53757 Sankt Aug

stin,

Germany).
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blgck velvet MG 20/5 Q
black broad corduroy MG 0/5 O
blgck plastic foam MG 0/5 \\Q
Igck gumboot MG 20/5 $\\)

blgck synthetic material MG 20/5 \'\(\Q

bldck shoe leather MG 20/5 $

Emmhwmn—-
o

wgvelength (nm) A
B* copfficient of diffuse reflection (%) \O

obseryation angle of 5°. The entr angle characterizes the angular position of the tested material with réspect
to the|direction of the incident light..The observation angle is the angle by which the direction of the observation of
the tegted material differs fchthS direction of the incident light.

NOTE| A measurement geometry ?M@Eof, for example, 0/5 is represented by an entrance angle of 0° gnd an

6@re 5 — Minimum diffuse reflectivity of materials

4.2.13.3 Whigﬁstpiece
. \O

oSt pie hall be-a-cylind 3 H : gth—of-0; - The sufface
of the t ﬁ'plece shall have a coefficient of diffuse—reflectance—value reflection in the range of
80 % t@ﬁ % at the emitted wavelength-ef-the-transmitter.

The surface of the test piece shall be of retro-reflecting material. The material shall comply
with the requirements for separate performance retro-reflection reflective material of-EN-47%
i ISO 20471.

NOTE Table-5 4 of-EN-47%1 ISO 20471:2013 defines the minimum coefficient of retro-reflection for—elass—2

separate performance retro-reflective material as 330 cd - Ix™' - m=2 with an entrance angle of 5° and an
observation angle of 0,2° (12").

4.2.14 Wavelength

AOPDDRSs shall operate at a peak wavelength in the range of 820 nm to-946 950 nm.
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NOTE This range of wavelengths is based on the present availability of components together with research which

shows it to be suitable for materials used as clothing.

4.2.15 Radiation intensity

If the emitting element(s) uses LED technology, the radiation intensity generated and emitted

by the AOPDDR shall meet the requirements of exempt group in accordance to IEC 62471.

NOTE| Exempt group is equal to risk group zero (IEC 62471:2006).

If thg emitting element(s) uses laser technology, the radiation intensity generated agd enpitted
by the AOPDDR shall not exceed the maximum power or energy levels for a class)1M lager in
accofdance with IEC 60825-1 (even in the presence of a component failure).(fhe marking as

a claps 1 or class 1M laser shall be carried out as required in 5.2 of IEC 60825-1:2014.

4.2.16 Mechanical construction

When the detection capability can be decreased below the limit stated by the supplier,|as a

result of a change of position of components, the fixing of thase components shall no
solely on friction.

rely

NOTE| The use of oblong mounting holes without additional means could lead for example to a change [of the

positign of the detection zone under mechanical-rterference influenée such as-bump shock.
4.3 | Environmental requirements

4.3 of IEC 61496-1:2012 applies, except as fallows.

Addition:

NOTE| It is possible that these requirements-may do not fulfil the needs of certain applications (for example:
on velhicles, including automatic guidedwebhicles (AGVs), forklifts, mobile machinery, etc.).

4.3.1] Ambient air temperature range and humidity

4.3.1]of IEC 61496-1:20312 applies, except as follows.
Addition:

The ESPE shall not fail to danger when subjected to a rapid change of temperature
humidity leading to condensation on the optical window.

This reguirementis-verified-by
4.3.3 Mechanical environment

4.3.3.1 Vibration

Replacement:
The ESPE shall pass the vibration tests of 5.4.4.1.

Replacement, including the title of 4.3.3.2 of IEC 61496-1:2012:

use

and


https://iecnorm.com/api/?name=3d5784aa9616996de287dd58378a9fa8

IEC 61496-3:2018 RLV © IEC 2018 - 27 -

4.3.3.2 Shock

The ESPE shall pass the shock tests of 5.4.4.2.
Addition:

4.3.3.3 Change of temperature

The ESPE shall be free of damage, including displacement and/or cracks of the optical
window, after the tests of 5.4.4.3 and it shall be capable of continuing in normal operation.

4.3.3l4 Impact resistance
4.3.314.1 Normal operation

The [ESPE shall be free of damage, including displacement and/or cracks\of the optical
windpw, after the tests of 5.4.4.4.2 and it shall be capable of continuing in normal operatipn.

4.3.34.2 Fail to danger

The ESPE shall not fail to danger after the tests of 5.4.4.4.3.

4.3.4 Enclosures

4.3.4 of IEC 61496-1:2012 applies, except as follows.
Addition:
Means shall be provided for the secure fixing.of the enclosure(s).

Enclgosures of the AOPDDR containing optical components shall provide a degrge of
protection of at least IP65 (see IEC 60529) when mounted as specified by the supplier.

Addifion:

4.3.5 Light interference on AOPDDR receiving elements and other ogqgtical
components

The ESPE shall continue in normal operation when subjected to the following:

— incandescent-light;
— flporescéent’light operated with high-frequency electronic power supply;

— radiatien from an AOPDDR of identical design if no mounting restrictions related to
ppssible interference are given by the supplier of the AOPDDR.

The ESPE shall not fail to danger when subjected to the following:

— high-intensity incandescent light-{simulated-dayight usinga—guartztamp);

— fluorescent light operated with its rated power supply and with a high-frequency electronic
power supply;

e light:
— radiation from an AOPDDR of identical design;
— flashing beacon;

— collimated laser beam;

These requirements are verified by the tests of 5.2.1.2 and 5.4.6.
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4.3.6 Pollution interference

The supplier shall specify the maximum level of homogeneous pollution in percentage of
transmission which will not result in a decrease of the stated detection capability.

The AOPDDR shall continue in normal operation when the received signhal energy of the
detection system itself is attenuated by up to 30 % by homogeneous pollution.

Pollution between the-transmitting emitting and/or receiving element(s) and the beginning of
the detection zone(s) (including optical components) of the AOPDDR resulting in a loss of the
stated detection capability shall cause the OSSDs to go to the OFF-state.

Thesg requirements are verified by the tests of 5.4.7.

NOTE| It is possible that the tests listed in 5.4.7-may do not cover all possible forms of pollution)\for example, oil,
greas¢ and process materials.

Any pollution monitoring means for detecting a loss of the stated detection capability |shall
comply with all the relevant requirements of this document.

4.3.7| Interference by surrounding objects
4.3.7.1 Background interference

The [stated tolerance zone shall not be increased, by background interference. |This
requirement is verified by the tests of 5.4.8.1.

NOTE|1 The supplier-may can specify the AOPDDR for a maximum-reflectance-value reflectivity that is morjitored
by theg AOPDDR itself and which leads to the OFF-state of\the OSSDs if the specified maximum-reflectancejvatue
reflecivity is exceeded. Background interference by materials with higher—values—ofreflectance reflectivily can
therelly be excluded.

NOTE|2 Backgrounds that-may can interfere.with the measurement results include corner cube reflectors| tiles,
sheet metal, white paper, etc.

NOTE|3 Retro-reflectors are considered as a background within the tests of detection capability and measurpment
positign accuracy (see 5.4.8.1). If retro-reflectors in the background lead to measurement faults, it-may dan be
possiljle in specific applications to usée.other measures instead of an addition to the tolerance zone.

4.3.7.2 Multi-path reflections

The gtated toleranceg-zene shall not be increased by multi-path reflections. This requirement is
verifiped by the tests of 5.4.8.2.

4.3.8) Manu@l)interference

It shpll>-not be possible to reduce the stated detection capability by covering the optical
windpw,of the housing of the AOPDDR or other parts (if applicable) or by placing oljects
within a zone with limited detection capability (see 4.1.6). In such cases, the OSSDs shall go
to the OFF-state within a time period of 5 s and the OSSDs shall remain in the OFF-state until
the manual interference is removed.

AOPDDR for use as trip device with orthogonal approach shall be designed such that the
OSSDs shall go to the OFF-state within the stated response time when manual interference
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leading to a reduction of the stated detection capability is performed and the OSSDs shall
remain in the OFF-state until the manual interference is removed.

These requirements are verified by the tests of 5.4.9.

4.3.

9 Optical-shadewing occlusion in the detection zone (eclipsed by small object)

The AOPDDR detection capability shall be maintained when small objects are present in the
detection zone. This shall be verified by analysis and by a test according to 5.4.10. The
analysis shall include examination of any software filtering algorithms provided.

NOTE| Software filtering algorithms—may can be provided to disregard small objects, for example, to in
reliabijity of operation.

.10 Drift or ageing of components

rease

TP

n
O g
(RN}

For g type 2 ESPE, drift or ageing of components that would reduce the detection capd
below the value stated shall not cause a failure to danger of th€ ESPE and shall be dets
at leqst at the next periodic test and shall lead to an OFF-sfate. If periodic test cycle is
than b s then drift or ageing of components shall be detectéd within 5 s.

For g type 3 ESPE, drift or ageing of components thatywould reduce the detection capg
below the value stated shall not cause a failure to_danger of the ESPE and shall be detg
within a time period of 5 s and shall lead to an QFE+sstate.

If a neference object is used for monitoring‘ageing and drift of components, variations
properties (for example—reflectance reflectivity) shall not cause a failure to danger of the
ESPE. If a reference object is used toZmonitor ageing and drift of components, it sh3

cons|dered to be part of the AOPDDR™and shall be provided by the supplier of the AOPDI

This clause of part 1 isapplicable except as follows:

5.1

5.1.

5.1.

Testing

General
12 Operating condition

11.2 of 1BEC 61496-1:2012 applies, except as follows.

bility
pcted
less

bility
pcted
n its

Il be
DR.

Additiomn:

As a result of the analysis of the design and the integrity of the detection capability of the
AOPDDR, a test plan shall be established considering the test conditions and parameters
outlined in this document. In the following tests, it shall be verified that when the OSSDs go to
the OFF-state, they remain in the OFF-state while the test piece is present in the detection
zone.

The minimum test conditions shall be as specified in this document or by the supplier,
whichever is more stringent.

Tests can be omitted if an analysis can demonstrate that

limited intended use in application justifies omission of test (e.g. only top mounting), and



https://iecnorm.com/api/?name=3d5784aa9616996de287dd58378a9fa8

- 30 - IEC 61496-3:2018 RLV © IEC

2018

a less stringent test is replaced by a more stringent test (e.g. test of equal detection

capability at minimum working range versus maximum working range).

The analysis shall be documented in the test plan.

Unless otherwise stated in this document, and if the facility is provided to set the detection
zone, the zone used for the tests shall be set up as follows:

— radius, respectively width and length (or equivalent values), of the detection zone of 1,0 m,

NOTE| For example, a detection zone of 1,0 m and a tolerance zone of 0,2 m results in a zone used forthd
of 1,

For

distapce shall be used-where-1;0-m-is-specified-in-Clause-5 as BTD. For apyAOPDDR

stated minimum detection distance of greater than 1,0 m, this minimum distance shall be
as BTD.

called basic test distance (BTD);
add the value of the specified tolerance zone.

2|m.

dn AOPDDR with a stated maximum detection distance of less than 1,0 m,rhis maxi

gdn AOPDDR without the facility to set the detection zone, the 'fixed detection zone
ged for all tests.

tests

mum
ith a
used

shall

\D)
py)

¢ O

i3
P
(2

All tgsts shall be performed with the test piece axis orthogonal to the detection zone f
AOPDDR-2D. For an AOPDDR-3D, all tests_ shall be performed with the test piece
orthggonal to the centre axis or corner axisx(lests at other orientations of the test piece
be required depending on analysis of the design and worst-case considerations.

Addition to first paragraph:

5.2

5.2.

Rep|ar‘nmnnt'

5.2.

.22 Measurement accuracy

2|2 of IEC 61496-1:2012 applies, except as follows.

fqr precision of distance/position measurements: 10 % of the stated position accuracy
fgr light intensity'-measurement: +10 %.

Functjoefal tests

1} Sensing function

DI an
axis
may

1.1 General

The sensing function and the integrity of the detection capability shall be tested as specified,

taki

a)

ng into account the following.

The systematic analysis required in 5.2.1.2.1.

b) The tests shall verify that the specified test pieces are detected when-axis—of the test

piece is-placed-inside-the-stated-detectionzone(s) either static or moving into or withi

configured detection zone at any speed from 0 m/s to 1,6 m/s. Where the supplier s
that objects can be detected moving at higher speeds, the requirements shall be met
speeds up to the stated maximum speeds.

NOTE 1 The AOPDDR can detect a test piece moving at any speed from 0 m/s to 1,6 m/s only w

n the
tates
at all

hen it

remains inside the configured detection zone for at least the minimum response time and other influences on
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d)

e)

the minimum detection zone (see 4.2.12.4). The detection zone can be adjusted to the minimum detection
zone for testing.

The tests shall verify that the specified test pieces are detected when the test piece is
placed inside the detection zone(s) by half of the minimum detectable object size for

AOPDDR-2D and placed inside the detection zone(s) as far as the minimum detectable
object size for AOPDDR-3D (see for example Figure 6).

NOTE 2 The different test piece positions for AOPDDR-2D and AOPDDR-3D are due to the following:

— backwards compatibility to IEC 61496-3:2008 for AOPDDR-2D; because of the values of half of the
detection capability, the effect in practice is negligible in most cases;

— AOPDDR-3D can usually detect a test piece with the required probability of detection only when the test

niece is camnletely inside the detection zone
t T >

jr:e tests shall verify the dimension(s) of the tolerance zone (i.e. the—ranging “position
curacy) stated by the supplier.

—

he number, selection and conditions of the individual tests shall be such astio verifly the
equirements of 4.2.12.1.

-
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Dimensions in millimetres

AOPDDR-2D: Side view

df2
—> <

AOPDDR-3D

F 3

440
Ll
(] Ll
I I
' 180 ¢ 260 !
—rt—p
| | i
I I I
o Tp) To}
=+ Ty} [Te]
1 1 I IEC
= = ]
Key
1 AQPRPR-2D
2 detection zone
3 tolerance zone (detection is not ensured)
4 Centre axis
5 test piece “cylinder” placed inside a detection zone by half of the minimum detectable object size for

AOPDDR-2D

AOPDDR-3D

detection zone

tolerance zone (detection is not ensured)

test piece “truncated cone in combination with cylinder” placed inside a detection zone as far as the minimum

detectable object size (d = 40 mm in this example) for AOPDDR-3D

10 test piece “truncated cone in combination with cylinder” placed inside a detection zone as far as the minimum
detectable object size (d = 55 mm in this example) for AOPDDR-3D

11 test piece “truncated cone in combination with cylinder”

© 0 N O

Figure 6 — Test piece intrusion into the detection zone for test
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It shall be verified that the sensing device is continuously actuated and, where appropriate,
that the OSSD(s) go to the OFF-state as described in the tests below, taking into account the
operating principle of the AOPDDR and, in particular, the techniques used to provide

tolerance to environmental interference.

Table 1 shows an overview of the minimum tests required for the verification of detection

capability requirements.

For AOPDDR-3D the tests according to 5.2.1.2 and 5.2.10 listed in Table 1 shall be carried in

a minimum of two different distance sets:

— djstance values according to Table 1 through the centre;
— d|stance values according to Table 1 along the corner.

&

All other tests listed in Table 1 shall be carried out through the centre for AOPDR%GD.

If a distance between the origin of distance measurement at the AOPDD

giver] in Table 1 is not possible, for example when BTD is less than

tests|can be omitted. W
N

and the test
’m, then the re

hiece
lated
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Table 1 — Minimum tests required for the verification of detection capability
requirements (see also 4.2.12.1)
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Sub- Test Conditions Distance between origin of distance
clause measurement (see also Figure 1 and Figure 2) at
the AOPDDR and test piece axis for AOPDDR-2D,
respectively test piece rear side for AOPDDR-3D
Minimum | Minimum |[0,5m [ BTD | Every | Max.
possible possible 1,0 m | range
dis¥ance distance
"9 +0,1m
f.g
5.2.1.2 | Detection capability and [ Black test piece X X X X X X
5.2.10 | position accuracy with (see 4.2.13.2)
black test piece
5.2.1§2 | Detection capability and [ White test piece X X X X X X
5.2.1p | position accuracy with (see 4.2.13.3)
white test piece
5.2.1§2 | Detection capability and [ Retro-reflective test X X X X X X
5.2.1p | position accuracy with piece (see 4.2.13.4)
retro-reflective test piece
5.2.1]3 | Endurance test Typically with black X
test piece (see
4.2.13.2)
5.3 Ageing of components a X
5.3 Undetected faults of a X
components
5.4.2 Ambient temperature X
variation and humidity
5.4.3 | Ambient temperature 50 °C or maximum P X
variation
5.4.7 Ambient temperature 0° or minimum, REN% X
variation condensing €
5.4.2 Condensing test X
5.4.3]1 | Supply voltage variations | Black test piece X
5.4.3)2 | and supply voltage (see M2.13.2)
interruptions
5.4.3]3 | Electrical disturbances X
to except supply voltage
5.4.3]7 | variations and suppiy
voltage interruptions
5.4.4]1 | Vibration ang shock X
5.4.412
5.4.4f3 | Change of temperature X
5.4.4)4 |, Hammer tests X
5.4.4 Yight interference See Table 2
Black test piece
(see 4.2.13.2)
5.4.7 | Pollution interference Typically with black X
test piece (see
4.2.13.2)2
5.4.8.1 | Background interference | Worst-case distance
between "black" test
piece and back-
ground according to
the design ¢
Background
reflectivity:
a) corner cube X

reflector ©
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Sub- Test Conditions Distance between origin of distance
clause measurement (see also Figure 1 and Figure 2) at
the AOPDDR and test piece axis for AOPDDR-2D,
respectively test piece rear side for AOPDDR-3D

Minimum | Minimum |[0,5m [ BTD | Every | Max.
possible possible 1,0 m | range
distance distance
9 +0,1m
f.g
b) from 1,8 % to 5 % X
c) other relevant X
reflectivities
between a) and b)
5.4.8J2 | Multi-path reflection 5.4.8.2 applies
interference
5.4.4 Manual interference 5.4.9 applies X
Black test piece
(see 4.2.13.2)
5.4.1p | Optical occlusion 5.4.10 applies X
Black test piece
(see 4.2.13.2)

a Effects of ageing of components, undetected faults of components and pollution®oh the surface of the optital
wihdow of the housing should be addressed within the endurance test, otherwise additional tests may be
nefessary.

b AQPDDR in test chamber — open test chamber — start test within 1 mjn’

¢ AQPDDR in test chamber — open test chamber — test without condefgation.
4 Thie background shall be arranged as indicated in Figure 16.

€ Sde also 4.3.7.1, Note 1 and 5.4.8.1.

f Thle test piece shall be placed as close as possible to the_brigin of distance measurement.

9  Fof the black test piece the dimension of the zone witl limited detection capability shall be added.

5.2.112 Integrity of the detection capability
5.2.112.1 General

It shall be verified that the(stated AOPDDR detection capability is maintained or the ESPE
does| not fail to danger, by systematic analysis of the design of the AOPDDR, using tgsting
where appropriate andfer required, taking into account—allcembinations—ef the conditions
specffied in 4.2.12.1.'and the faults specified in 5.3.3, respectively 5.3.4. The results of this
systgmatic analysis‘shall identify which tests in Clause 5 require, in addition, a measurement
of the¢ response-fime.

NOTE|1 Fo#defails of fault combinations see 5.3.

The "OndItIOI’lS and the number of measurements reqU|red to determlne the |ntegr|ty f the

of measurements I|sted in Table 1 and Table 2 shall be carrled out at each posmon necessary
to verify the integrity of detection capability within the detection zone. For AOPDDRs with
more than one-transmitting emitting and/or receiving element, it may be necessary to carry
out measurements for each element. When measurement values are required for verification,
each test result shall be based on a minimum of 1 000 single measurements at each position
of the test piece.

NOTFE The use of special tools supplied by the-manufacturermay supplier can be necessary to
perform certain tests involving the recording and analysis of measurement values.

The test arrangement used for the tests of 5.2.1.2.2 and 5.2.1.2.3-and-5-2.1-2-4 shall be
compatible with the characteristic of the AOPDDR under test. The light interference tests shall
be carried out at Ieast W|th the "black“ test plece (see 4. 2 13 2) atalstanees the BTD between

- m the origin
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of distance measurement and test piece and the maximum operating distance — see
5.2.1.1 d). The test sequence for the light interference tests shall be as follows:

also

— the test piece shall be placed at the required distance before the test starts which, for

tests according to Figure 8, is the border of the detection zone;

— the start or restart interlock shall not be operational whilst the tests according to Figure 8

are performed;

— AOPDDR shall be in normal operation and OSSDs in the OFF-state whilst the
according to Figure 8 are performed,;

— the interfering light source shall then be switched on;

|
—

Re test shall be continued for a time period of 3 min.

NoTE| Due to the inherent design of the AOPDDR, for example, the opto-mechs

tests

nical

consfruction, it—may can be necessary to carry out an extra series of measurements at

additjonal distances.

NOTE| 2 Diagnosis and configuration tools (for example, software) belonging to the AOPDDR can be us
these Imeasurements.

5.2.112.2 Influence of incandescent light

The Influence of incandescent light on the integrity of the detection capability shall be t¢
usind the configuration shown in Figures 7 or 8 at the¢BID between origin of dist
meagurement and test piece and the maximum operatifg" distance — see also 5.2.1.
When testing according to Figure 7, measurement valués are required to verify the integr
the detection capability. When testing according to Figure 8, the ESPE shall stay in the
state|during the test sequence.

ed for

psted
ance
1 d).
ity of
DFF-

The measurement of the light intensity shallbbe carried out at the optical window of the

AOPPDR when testing with an operating, distance of 1,0 m. When testing at the max
operating distance, the measurement of the light intensity shall be carried out in the detg
plang zone at a distance of 1,0 m from-the test piece towards the AOPDDR. The interf
light shall be directed along the optiecal axis of one or more receiving element(s). The te
the ipfluence of incandescent lightvon the integrity of the detection capability—{(measurg
accufaey) shall be performed.as_follows:

— Thpe light shall be directed along the centre axis of an AOPDDR.

— The light intensityshall be as close as possible to a maximum value of 3 000 Ix consi
wlith the AOPDDR remaining in normal operation.

|
=

the highestilével of direct illumination with which the AOPDDR remains in nd
operation isdelow 1 500 Ix, an additional test shall be carried out with light being refld
tq the AGPDDR by an object measuring 0,5 m x 0,5 m and having a diffuse reflg
stirface~The object shall be located outside the detection zone and the tolerance 12
The coefficient of diffuse reflection of the object used for this test shall be greater tha

mum
ction
ering
5t for
ment

stent

rmal
pcted
ctive
rone.
nh 80 %

in—the range of \Aln\/nlnngfhc used h‘,’ the AQOPDDR and in the range used fo

the

measurement of intensity. The light intensity for this additional test shall be as close as
possible to a maximum value of 3 000 Ix consistent with the AOPDDR remaining in normal

operation.

NOTE The relative position of the interfering light source, the test piece and the AOPDDR-may can affect the
detection capability. For example, loss of detection capability due to the existence of a recovery time-may can be

revealed when scanning the test piece immediately after the interfering light source.
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Side view Top view
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AQPDDR
ceptre axis
tegt piece
ight source

digtance between origin of distance measurement and test piece for AORDDR-2D

o A W N R
=)

Q

igtance between origin of distance measurement and test piece for AOPDDR-3D

NOTE| Figure 7 shows a possible configuration for a test according/to 5.2.1.2.2.

Figure 7 — Influence on detection capabjlity*by incandescent light — Example 1
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Side view Top view
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AQPDDR

ceptre axis

tegt piece at position for AOPDDR-3D
i

ight source

qtance between origin of distance measurement and tesipiece for AOPDDR-3D

defection zone
tolerance zone in relation to light interference

cofner axis

For AOPDDR-2D the set-up has to he adapted accordingly, see 5.2.1.1 c).

NOTE| Figure 8 shows a possible configuration for a test according to 5.2.1.2.2.

5.2.

Figure 8 — Influence.on’detection capability by incandescent light — Example 2

2.3 Influence-ef/incandescent light reflected by the background

The influence onsthe integrity of the detection capability by incandescent light reflected b
background shall be tested using the configuration shown in Figure 9 at the BTD bet
origin of distarice measurement and test piece and the maximum operating distance -

IEC

y the
veen
see
2 at
nsity

also p.2.4°1d). The test shall be performed with the incandescent light source of 5.4.4.
the mpaximum |ntenS|ty IeveI at which the AOPDDR remains in normal operatlon ThIS inte
level

above

3 000 Ix the test level shall be 3 000 Ix The measurement of the |nten3|ty of reflected light
shall be carried out in the detection-ptane zone on the-axis position of the test piece.

Both tests on the influence of incandescent light on the integrity of the detection capability

{measurement-accuraecy) shall be performed under the following conditions:

the light shall be generated by the incandescent light source as described in 5.4.6.2;
the light source shall be located outside the detection zone and the tolerance zone.
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tance between origin of distance measurement and test piece for @DDR-SD
Ckground (diffuse reflective surface 0,5 m x 0,5 m) Q
asurement of intensity of reflected light in the detection Q\/ithout test piece

an object

coefficient of reflection of the backgro?&sed for this test shall not vary in the ran
lengths used by the AOPDDR |tself&g used for the measurement of intensity.

OPDDR-2D, the set-up has toaAadapted accordingly — see 5.2.1.1 c).

1 Figure 9 shows a possible, c\@uratlon for a test according to 5.2.1.2.3.

2 Figure 9 shows no deleg?on zone because in this example it is the influence on the position ac

being tested. @ ‘

.

Figure 9 — Inflt(epe on detection capability by light reflected by the backgroung

IEC

tance between test piece and background of 0,4 m, t@at least so large that the background is not defected

ge of

uracy
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5.2.113 Endurance test of the detection capability

It shall be«wverified that the detection capability is maintained by carrying out an endurnance
test @s follows. The results of the analysis and testing according to 5.2.1.2 shall be usged to
deteJlmine the worst-case conditions and the appropriate test piece (see 4.2.13) to use for this
test.

A limited functional test B (B test) in accordance with 5.2.3.3 of IEC 61496-1:2012 shall be
carried out with the ESPE in continuous operation under the worst-case conditions
determined. The test piece shall be placed in a worst-case position and left in this position for
a time period of 150 h.

If there is more than one worst-case position, the test shall be carried out for each position of
the test piece while evenly dividing the total test time of 150 h among the different worst-case
positions. The possibility of zone(s) with limited detection capability shall be taken into
account.

NOTE Changes may be made to both hardware and software (if applicable) to simulate worst-
case conditions.
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NOTE Examples of test configurations are given in Figures 10 and 11.

Top view
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Side view Top view
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)

PDDR (see Note 1 below)

ceptre axis

tegt piece at position for AOPDDR-3D (see Note 2 below) Q
bafkground (see Note 3 below) QO
defection zone &\)\'\
tolerance zone (%4}

cofner axis \,‘(\

maximum operating distance $

d

© 00 N o g b W N P

qtance to the background (depends on th'A}emgn of the AOPDDR)

For AOPDDR-2D, the set-up shaJl_\E adapted accordingly — see 5.2.1.1 c).

NOTE|1 AOPDDR with, for exanG,lé maximum undetected homogeneous and spot-like pollution on the ¢ptical
windopv and maximum degen@tlon by ageing of components, etc.

NOTE|2 The black test @ will lead to a lower signal-noise-ratio (S/N) than the white test piece.

NOTE|3 Backgrour@ith worst-case reflectance (if background interferes with measurement values).

ﬁaure 10 — Configuration for the endurance test — Example 1
N
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Top view (AOPDDR-2D) Top view (AOPDDR-3D)

IEC

Key
AQPDDR-2D (see Note 1 to Figure 10)
AQPDDR-3D (see Note 1 to Figure 10)
ceptre axis

tegt piece (see Note 2 to Figure 10)
zohe with limited detection capability
defection zone

tolerance zone

cofner axis

© 00 N o g A~ W N P

te¢t piece radius (placed inside the detectiggyMor AOPDDR-2D)

10 sige of the zone with limited detection eapability (see 4.1.6)

For AOPDDR-2D, the set-up sh@all be adapted accordingly — see 5.2.1.1 c).

NOTE| For AOPDDR-2D, thegest piece is placed inside the detection zone(s) by half of the minimum detelctable
object|size, i.e. the centre lifledof the test piece is placed at the outer border of the detection zone. For AORDDR-
3D, thE test piece is placed inside the detection zone(s) as far as the minimum detectable object size.

Figure 11 — Configuration for the endurance test — Example 2

5.2.3] Limited functional tests

5.2.31</General

5.2.3.1 of IEC 61496-1:2012 applies, except as follows.
Addition:

Unless otherwise stated in this document, either of the test pieces according to 4.2.13.2 or
4.2.13.3 shall be used for the limited functional tests.
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Addit

5.2.9

ion:

Test pieces for type testing

The stated reflectivity values of the test pieces shall be verified by inspection of the supplier’s
declaration (based on test results) or by measurement. Other test pieces may be used,
providing they meet the relevant requirements of this document.

5.2.10 Ranging Position accuracy

The supplier’'s calculations for determining the—+ranging position accuracy and the tolerance

zone
meas

shall be verified for cofrectness and validity by comparison with the results 0
urements of the detection capability according to 5.2.1.2.

the

5.2.1

The
docu
verifi

5.2.1

It shall be verified that the sensing devicé®is actuated and the OSSDs go to and remain i

OFF
that

zone
objed
maxi

5.2.1

The
shee

5.2.1

1 Influences on detection
1.1 General

equirements of 4.2.12.2 shall be verified by analysjs and/or measurement. The supq

ed by inspection.

1.2 AOPDDR used as a trip device with orthogonal approach

state when a test piece as defined*in 4.2.13.3 is moving through the detection zone
he direction of movement and)the axis of the cylinder are orthogonal to the det¢
at a speed of 1,6 m/s. Whete the supplier states that an AOPDDR can be used to d
ts moving at speeds greater than 1,6 m/s, verification shall be carried out at the s
mum speed.

2 Wavelength

ransmitted emitted wavelength shall be verified either by inspection of the device
or by measirement.

3 Radiation intensity

lier's

mentation related to the reflectivity of the test pieCe(s) and the calculations used may be

n the
such
ction
letect
tated

data

The

adiation intensity shall be verified by measurement in accordance tao IEC 60825-1 o

IEC

62471 and by inspection of the technical documentation provided by the supplier’s-declaratien.
If the emitting element(s) uses laser technology the marking as a class 1 or class 1M laser

shall

5.2.1

be verified for correctness.

4 Mechanical construction

The requirements of 4.2.16 shall be verified by inspection.

5.3
5.3.2

5.3.2

Performance testing under fault conditions
Type 1 ESPE
of IEC 61496-1:2012 does not apply.
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Type 2 ESPE

5.3.3

of IEC 61496-1:2012 applies, except as follows.

Addition:

2018

It shall be verified that the drift or ageing of components that influence the detection capability
will lead to an OFF-state of the OSSD(s) according to 4.3.10.

A combination of one or more of the following is sufficient to verify the requireme
comiine single faults with operating conditions/influences as required by 4.2.2.3:

— apalysis;

— simulation;

— tgsts carried out in the presence of a single fault, where relevant.

5.3.4 Type 3 ESPE

5.3.4 of IEC 61496-1:2012 applies, except as follows.

Addition:

It shall be verified that the drift or ageing of components that influence the detection capa

will I¢ad to an OFF-state of the OSSDs within a time period of 5 s according to 4.3.10.

nt to

bility

nt to

A combination of one or more of the follefting is sufficient to verify the requireme
comiine single faults with operating conditions/ influences as required by 4.2.2.4:
— apalysis;

— s|mulation;

— tgsts carried out in the preserj€e of a single fault, where relevant.

5.3.5| Type 4 ESPE

5.3.5/of IEC 61496-1:20t2 does not apply.

5.4 | Environnrental tests

5.4.2] Ambient temperature variation and humidity

5.4.2) of JEC 61496-1:2012 applies, except as follows.

Addition:

The ESPE shall be subjected to the following condensing test:

— the ESPE shall be supplied with its rated voltage and stored in a test chamber at an
ambient temperature of 5 °C for 1 h;

— the ambient temperature and the humidity shall be changed within a time period of up to

2

min to a temperature of (25 £ 5) °C and a relative humidity of (70 £ 5) %;

— a C test shall be performed with a duration of 10 min using the black test piece
(see 4.2.13.2);

- if

a restart interlock is available it shall not be operational during the C test;

— to verify the stated detection capability of the ESPE during the C test, either
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a) the ESPE shall be operated with a detection zone set up as described in 5.1.1.2 and a
distance between the-AGRPBBR origin of distance measurement and the test piece-axis

of ;,0m BTD, or

b) measurement values shall be used for verification.

5.4.4

Mechanical influences

5.4.4.1 Vibration

Replfcement:

The fest sample shall be exposed to vibration tests according to IEC 60068-2-6. The test|shall
be cqrried out without anti-vibration mountings.

NOTE|1 The tests are intended to demonstrate a minimum robustness of the device undegiést.

The following conditions shall apply:

— Ffequency range: 10 Hz to 55 Hz;

— Sjweep rate: 1 octave/min;

— Amplitude: 0,35 mm £ 0,05 mm;

- Number of sweeps: 20 {for each of three mutually

The following limited functional tests shall be perfe¥med for each axis:

- a
- a
b

If the

appropriate 5M class according 1¢-IEC TR 60721-4-5. The related tests shall be carried o

C teqg

NOTE|

If the
to hi
depe]
B tes

At th

h A test shall be performed during eachfthe first and last sweeps;
B test shall be carried out, so that th& test piece is brought into the detection zone 4t the

perpendicular axes (no delay)at resonant frequencies).

bginning of the second sweep and. @& removed at the end of the 19" sweep.

supplier specifies the AOPDBRR for use on ground vehicles the supplier shall choog
ts.

2 Example for ground Vehicles include forklift trucks, automated guided vehicles (see also IEC 60721

ph vibration)\ the levels of amplitude and frequency may be reduced for the A
hding on thedintended application. In this case, a C test may be carried out instead
t.

displi
zone

has not changed in-detection-plane its orientation, size or position.

Replacement, including the title of 5.4.4.2 of IEC 61496-1:2012:

5.4.4

.2 Bump Shock

Addition:

The test sample shall be exposed to shock tests according to IEC 60068-2-27.

The following conditions shall apply:

— Acceleration: 100 m/s?;

b end’of the tests, the AOPDDR shall be inspected for the absence of damage incljtding

e an

ut as

3-5).

AOPDDR is npt,intended to be mounted on a machine (i.e. not intended to be subjg¢cted

test
f the

ction
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Duration of pulse: 16 ms;
Number of shocks/direction: 1 000 % 10;

Directions of shocks: 6 with 3 mutually perpendicular axes.

The following tests shall be performed for each direction:

an A test shall be performed during each of the first and last (100 + 10) shocks;

a B test shall be carried out, so that the test piece is brought into the detection zone after
the first (100 + 10) shocks.

If the—suppH oo the AQPDDR o Stpnl e an
appropriate 5M class according to IEC TR ut as
C tedts.

NOTE| Example for ground vehicles include forklift trucks, automated guided vehicles (see alsolEC60721-3}5).

If thgg AOPDDR is not intended to be mounted on a machine (i.e. not intendéd’to be subj¢cted
to shock), the test conditions may be reduced for the A test depending on the intehded

appligation. In this case, a C test may be carried out instead of the B {&st.

At the end of the tests the AOPDDR shall be inspected for the-absence of damage inclliding
displacement and/or cracks of the optical window. It shall be yerified by test that the detdction

zone|has not changed in-detectionplane its orientation, size or’position.
Addition:

5.4.43 Change of temperature

The ESPE shall be subjected to a test Nasaccording to IEC 60068-2-14 using the follgwing

relevint values and conditions:

5.4.4.4¢ , Hammer tests

gqw temperature T,: —25 °C;
hlgh temperature Tg: 70 °C;
fqur cycles;

m

SPE not energized during the temperature cycles;

o

iration t;: 60 min;

—h

gllowing the test;-the AOPDDR shall be inspected for absence of damage inclliding
splacement and/or cracks of the optical window;

o

a| B testSshall be carried out in the test environment according to 5.1.21 of
EC 61496-1:2012 to verify that the ESPE is capable of continuing in normal operation].

5.4.4.4.1 General

The ESPE shall be subjected to tests according to IEC 60068-2-75 using the following values
and conditions:

three impacts;
mounting by its normal means on a rigid-ptare support;
no initial measurements;

attitude-such-that the impacts-wil shall be directed at the centre of the optical window in
the—detection plane of the detection zone for AOPDDR-2D and the centre axis for
AOPDDR-3D;

ESPE not energized during the impacts.
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The test of 5.4.4.4.2 shall be carried out after the change-of-temperature test of 5.4.4.3 has
been completed and before the test of 5.4.5. The test of 5.4.4.4.3 shall be carried out after the
test of 5.4.5 has been completed. All these tests shall be carried out with the same device
sample.

5.4.4

.4.2 Normal operation

To test that the ESPE is capable of continuing in normal operation after the impacts according
to IEC 60068-2-75, the following values and conditions shall be used:

— impact energy of 0,5 J;

- fd
c

- a
d

5.4.4

To tg

the fgpllowing values and conditions shall be used:

n

—

¢
(0]

a
d
5.4.5

Replacement:

The
acco
The

Additional subclauses:

llowing the test, the AOPDDR shall be inspected and shall not have any displacemg
acks of the optical window;

B test shall be carried out placing the test piece at each position where the s
btection capability might be reduced by the impacts.

4.3 Fail to danger

st that the ESPE will not fail to danger after the impacts according to IEC 60068-

hpact energy of 2,0 J;

llowing the test, the AOPDDR shall be inspected for displacement and/or cracks d
btical window;

C test shall be carried out placing the test piece at each position where the s
btection capability might be reduced by the impacts.

Enclosures

requirements of 4.3.4 of this document for degrees of protection shall be testg

emaining requirements shall be verified by inspection.

Light interference on AOPDDR receiving elements and other op
components

.1 Genefal

nt or

tated

P-75,

f the

fated

ed in

dance with IEC 60529 after the-tests of 5.4.4 (excluding 5.4.4.4.3) have been completed.

tical
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All tests shall be carried out with the black test piece (see 4.2.13.2). During the B tests and C
tests, the test piece shall be introduced into the detection zone in such a manner that the
interfering light is not interrupted. The test piece shall first be positioned near the centre axis
and then at one of the corner axes at a uniform distance from the AOPDDR for the test.

The tests described in 5.4.6.4.3, 5.4.6.4.4, 5.4.6.5.4, 5.4.6.5.5, 5.4.6.6.3 and 5.4.6.7.3 shall
only be carried out if the AOPDDR contains optical components, other than those necessary
for the sensmq funct|on or measurement of distance, which may be mfluenced by mterfermg

light.
of th

failu
inter

NOTE
reflect

Tabl¢ 2 gives an overview of the light interference tests.

character|st|cs and the mtended funct|on of the other optical components shg
carrigd out to determine if additions to, or combinations of, test conditions are ‘re€quir
ordel| to detect possible failure to danger of the ESPE (for example, to verify the)absen

to danger of the ESPE due to pollution monitoring means in the ptesence of
erence).

Other optical components—-may can include the following:-emitters,—receiversieinitting/receiving ele
ors, lenses, etc., provided within the AOPDDR.

1lysis
Il be
ed in
ce of
light

hents,
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Table 2 — Overview of light interference tests

Sub- Test Light ,[ae5Mea%Hfm9_ Fest
clause | relatedto source lux pesrﬂaﬂllrgwese%enee Remarks

[GECREN
|

P-YaYaTRT2=YalV]
P4

<3000Y

:
4 j A

|
i

f%
l
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Sub- Test Light Intensity Measuring | Figure Test Remarks
clause related to source value position sequence
lux
Figure 7 may be used
for an AOPDDR that
See 7 provides measurement
5.2.1.2.2 E<3000% or - values; additional tests
5.2.1.2.2 - .
Position 8 with reflected light may
accuracy Incandescent be required (see
5.2.1.2.2)
60105 1500 <E | 'MPoSON | - Light reflected by
e <3000°2 " background
B+
Normal BTD; additionaltejsts
5.4.6.4.1] operation 1500 1 a) and b) ef)54.6 4.1
P In front of may be #equired
AOPDDR -
. receiver BTDadditional tejsts
5.4.6.4.2 Fg;ﬁree:o 3000 2 a)@ne' b) of 5.4.6 4.2
9 Incandescent may be required
Normal b
5.4.6.4.3 operation 1500 In front of - 1 BTD
- "other"
5.4.6.4.4 | Fallureto 3 000 receiver - » BTD b
danger
Normal Minimum detectiop
5.4.6.5.2 operation — - 1 zone + tolerance zone
P but>0,2 m
Failure to Test piece at distgnce
5.4.6.5.3 d - - 2 of maximum detedtion
anger
zone
Fluorescent
Normal Minimum detectiop
5.4.6.5.4 operation - - - 1 zone + tolerance zone
P but>0,2 m®
Failure to Test piece at distgnce
5.4.6.5.5 — - — 2 of the maximum
danger B b
detection zone
5.4.6.6.2 Failure to Flashing _ B _ 3 BTD
54.6.6.3 danger beacon BTD P
5.4.6.7.2 Failure to Lasefobeam _ B _ 3 BTD
54673 danger poInter BTD b
Not necessary if
Normal mounting is
54.6.8.2 operation Identical - - 12 - restricted/A test
AOPDDR and without test piece
13
5.4.6.8.3 FS"“re to - - - No ON-state of O$SDs
anger
2 Maxitrttrtersity-atwhich-the-ASPRBBRtemairs—-Rermeal-operation:

b

Test of interference on other optical components.

5.4.6.2 Light sources

The light sources shall be as follows.

a) Incandescent light source: a linear tungsten halogen (quartz) lamp with the following

characteristics:

colour temperature:

rated voltage:

3-060 2 800 K to 3 200 K;

any value within the range 100 V to 250 V;
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— supply voltage: rated voltage +-2 5 %, sinusoidal AC at 48 Hz to 62 Hz;

The lamp shall be mounted in a parabolic reflector of minimum dimensions 200 mm x 150 mm,
having a diffuse reflective surface and a-reflectance reflectivity that is uniform within +5 %
over the wavelength range 400 nm to 1 500 nm.

NOTE This source produces a beam of near-uniform intensity with known spectral distribution and having a
predictable modulation at twice the supply frequency.-H-is-used-to-simulateboth-sunlight-and-workplace-incandes-
een't—l'l'g'h't‘mg*- j O

b) Fluorescent light source: a linear fluorescent tube with the following characteristics:
—-| size: T8 =1 200-mm-(25-mm-nominal-diameter)

T8 x 600 mm minimum;
——ratedpower———30-W-1e40- W

colour temperature: 5000 Kte-6-000-K 3 000 Kto 6 500 K;

he linear fluorescent tube shall be used in combination with an electronic ballast having
Re following characteristics:

operating frequency: 30-kHzte-40kHz 25 kHz to 50 kHz;
power rating corresponding to the tube;

= o

The linear fluorescent tube shall be operated at its rated/power supply voltage +2 |5 %,
wlithout a reflector or diffuser.
N

bTE Other fluorescent light sources having, for<example, electronic ballasts with an
operating frequency other than that specified~nay can lead to different test resgults.
Therefore, the use of other types of fluorescent®light sources or a light source gengrator
simulating the effects of different fluoresecent light sources should be considered for

tgsting.

c) FJashing beacon light source: a light“source employing a xenon flash tube (without
enhclosure, reflector or filter) having thefollowing characteristics:

far)

—| flash duration: from 40 'us to—220 1 200 us (measured to the half-intgnsity
point);
—| flash frequency: 0,5 Hz to 2 Hz;

—| input energy per flash:)3 J to 5 J;

d) Lpsglrbeam pointer: a collimated laser beam having characteristics within the follqwing

[irmitsT

— flash duration: continuous wave mode;

— wavelength: within 550 nm up to 670 nm;
— beam shape: diameter below 5 mm;

— light intensity 0,7 mW up to 1 mw;

— laser Class 2.

WARNING - The laser beam pointer is a class 2 device. Never look into the beam.

5.4.6.3 Test sequences
1) Test sequence 1:

a) OSSDs of the ESPE in-rermal-operation on-state.
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b) Switch on interfering light (the OSSDs shall remain in on-state).

c) B test.

d) Switch off ESPE for 5 s. Restore power. Reset start interlock if fitted.
e) B test.

f) Switch off interfering light.

g) B test.

Test sequence 2:

a) OSSDs of the ESPE in-nermal-operation on-state.
) Switch on interfering light.

C tests repetitively for 1 min.
Switch off the-ACRPDBBR ESPE for 5 s. Restore power. Reset start interlockif fitted
C tests repetitively for 1 min.

—

b
c
d
e
fY Switch off interfering light.

g) C tests repetitively for 1 min.

Tlest sequence 3:

OSSDs of the ESPE in-nermal-operation on-state.

Switch on interfering light.

O

c) C tests repetitively for 3 min.

ESPE shall be subjected to a test using{test sequence 1 of 5.4.6.3 with the incandegcent

light source of 5.4.6.2 producing a light intensity of 1 500 Ix + 10 % measured in the position
of the housing of the AOPDDR. Thedight shall be directed along the centre axis ¢f an
AOPPDR and the light source shall _be located outside the detection zone and the tolefjance
zone| The ESPE shall not go to the-ON-state when the test sequence requires it to be ip the
OFF{state. If the ESPE goes to-the OFF-state when the test sequence requires it to be ip the

ON-gtate, the following additional tests a) and b) shall be performed.

NOTE| The light source used\for test has typically a distance of 1,6 m to 2,2 m from the housing and Will be

locatef outside the detectidriyzone and the tolerance zone for the test as described in a) and b).

a)

b)

I the minimum detection zone or tolerance zone is so large, that the light source is inside
the detectioszone or the tolerance zone producing a light intensity of 1 500 Ix + 10 % for
the test, thellight source shall be outside the detection zone and the tolerance zone during
the test\but close to the border of the tolerance zone. The ESPE shall continue in ngrmal
operdtion during the test sequence 1 of 5.4.6.3, using the incandescent light sourge of
5 4 6.2. The I|ght source shall be Iocated as cIose as pOSSIble to—the—de%eeﬂen—pl&ne
. 5 D the
Ilght source shaII be located adjacent to the corner axis. The Ilght source shall not be
detected by the ESPE during the test and the distance between the ESPE and the light
source shall be the minimum distance at which the ESPE is able to pass an A test. If the
intensity measured in front of the AOPDDR receiver is less than 1 500 Ix, then the
accompanying documents shall contain instructions regarding the avoidance of
interference by incandescent light sources (see Clause 7, item ppp)).

The ESPE shall continue in normal operation during the test sequence 1 of 5.4.6.3 using
the incandescent light source of 5.4.6.2. The light source shall be located in-the-detection
plane—and the plane of the detection zone for an AOPDDR-2D. For an AOPDDR-3D the
light source shall be located in the centre axis for an AOPDDR-3D. The distance between
the ESPE and the light source shall be the minimum distance at which the ESPE is able to
pass an A test. If the intensity measured in front of the AOPDDR receiver is less than 1
500 Ix, then the accompanying documents shall contain instructions regarding the
avoidance of interference by incandescent light sources (see Clause 7, item ppp)).
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5.4.6.4.2 Failure to danger — Interference on AOPDDR receiving elements

There shall be no failure to danger of the ESPE during test sequence 2 of 5.4.6.3 using the
incandescent light source of 5.4.6.2 producing a light intensity of 3 000 Ix + 10 % measured in
the position of the housing of the AOPDDR. The light shall be directed along the centre axis
of an AOPDDR. If the light source is inside the detection zone or tolerance zone for this test,
the following additional tests a) and b) shall be performed instead of the test described above
in this paragraph.

a) There shall be no failure to danger of the ESPE during test sequence 2 of 5.4.6.3 using
the mcandescent Ilght source of 5.4. 6 2 producmg a Ilght |nten5|ty of 3 000 Ix + 10 %. The

b) There shall be no failure to danger of the ESPE during test sequence 2 ,0f°5.4.6.3 lsing
the incandescent light source of 5.4.6.2. The light source shall be placed jin-the-detgetion
plane the plane of the detection zone for an AOPDDR-2D. For an AORDDR-3D the|light
spurce shall be located in the centre axis. The light source shall héutside the detection
zpne and the tolerance zone during the test, but close to the border-of the tolerance zone.
Tlhe C tests shall be carried out with the axis of the test piece placed on the furthest
bpundary of the detection zone.

5.4.64.3 Normal operation — Interference on other optical*components

The ESPE shall continue in normal operation during ¢est sequence 1 of 5.4.6.3 using the
incarjdescent light source of 5.4.6.2 producing a Jight intensity of 1 500 Ix + 10 %. The
incarldescent light source shall be placed in the poSition(s) that allows normal operation and
wherp other optical components can be influencedy

5.4.6.4.4 Failure to danger — Interference:on other optical components

Therg shall be no failure to danger of.the ESPE during test sequence 2 of 5.4.6.3 using the
incarjdescent light source of 5.4.6.2 producing a light intensity of 3 000 Ix =+ 10 %.[ The
incarldescent light source shall bé\placed in the position(s) where other optical compoments
can he influenced.

5.4.6|5 Light interference — Fluorescent light
5.4.65.1 General

This [test shall be \performed with three variations, using light from the centre and light|from
each|end (anode-and cathode areas) of the tube.

NOTE| Ong aim of the test using the fluorescent light source is to check the susceptibility of the AOPDDR tp high
frequgneyoptical radiation.

5.4.6.5.2 Normal operation — Interference on AOPDDR receiving elements

The test shall be carried out with the minimum detection zone possible, but the-range—of
detection—zone operating distance plus tolerance zone shall be 20,2 m. The ESPE shall
continue in normal operation during test sequence 1 of 5.4.6.3 using the fluorescent light
source of 5.4.6.2 placed outside the detection zone and the tolerance zone, but close to the
border of the tolerance zone in the plane of the detection zone for an AOPDDR-2D. For an
AOPDDR-3D the light source shall be placed in the centre axis.

5.4.6.5.3 Failure to danger — Interference on AOPDDR receiving elements

The test shall be carried out with the maximum detection zone possible. There shall be no
failure to danger of the ESPE during test sequence 2 of 5.4.6.3 using the fluorescent light
source of 5.4.6.2 placed at a distance of 0,2 m from the housing of the AOPDDR in-the
detection—plane(s) the plane of the detection zone for an AOPDDR-2D. For an AOPDDR-3D
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the light source shall be placed in the centre axis. The C tests shall be carried out with the
axis of the test piece placed on the furthest boundary of the detection zone.

NOTE The lamp body-may can be detected as an object during this test.
5.4.6.5.4 Normal operation — Interference on other optical components

The test shall be carried out with the minimum detection zone possible, but the-range—of
detection—zone operating distance plus tolerance zone shall be 2 0,2 m. The ESPE shall
continue in normal operation during test sequence 1 of 5.4.6.3 using the fluorescent light
source of 5.4.6.2 placed at a distance of 0,2 m from the housing of the AOPDDR in the-plane
positian({s) where other gptical compaonents can he influenced hy light interference If this
plang position(s) coincides with, or meets, the detection—plane zone of the AOPDDR), the
fluorg¢scent light source shall be placed as close as possible but = 0,2 m, so that the _bogdy of
the Iamp is not detected.

5.4.6/5.5 Failure to danger — Interference on other optical components

The test shall be carried out with the maximum detection zone. There(shall be no faildre to
danger of the ESPE during test sequence 2 of 5.4.6.3 using the fluotescent light sourfe of
5.4.6[2 placed at a distance of 0,2 m to the housing of the AOPDDR in the-plane positipn(s)
wherp other optical components can be influenced by light interference. The C tests shall be
carrigd out with the axis of the test piece placed on the furthest boundary of the detgction
zone

NOTE| The lamp body-may can be detected as an object during this'fest.

5.4.6.86 Light interference — Flashing beacon

5.4.6.86.1 General

The position of the flashing beacon shall be fixed during the tests. The required C tests shall
be carried out with the axis of the test piece placed on the furthest boundary of the detection
zone for an AOPDDR-2D. The required C tests shall be carried out with the test piece placed
in a position that is both inside and adjacent to the furthest boundary of the detection zone for
an AOPDDR-3D.
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5.4.6

.86.2 Failure to danger — Interference on AOPDDR receiving elements

There shall be no failure to danger of the ESPE during test sequence 3 of 5.4.6.3 using the
flashing beacon of 5.4.6.2 placed at a distance of 3,0 m from the housing of the AOPDDR in
the-detectionplane{s) the plane of the detection zone for an AOPDDR-2D. For an AOPDDR-
3D the light source shall be placed in the centre axis.

5.4.6

.86.3 Failure to danger — Interference on other optical components

There shall be no failure to danger of the ESPE during test sequence 3 of 5.4.6.3 using the
flashing beacon of 5.4.6.2 placed at a distance of 3,0 m from the housing of the AOPDDR in
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.7 Light interference — Laser beam pointer
.7.1 General

bosition of the laser beam pointer shall be fixed during the tests. The-required C
be carried out with the axis of the test piece placed at one pgdsition on the fur
dary of the detection zone for an AOPDDR-2D. The required C tests shall be carrie
the test piece placed in a position that is both inside apd\adjacent to the fun
dary of the detection zone for an AOPDDR-3D.

7.2 Failure to danger — Interference on AOPDDR feceiving elements

b shall be no failure to danger of the ESPE duriag{test sequence 3 of 5.4.6.3 usin
beam pointer of 5.4.6.2 placed at a distance @f)3/0 m from the housing of the AOH
b plane of the detection zone for an AOPDDR-2D. For an AOPDDR-3D the light s¢
be placed in the centre axis.

.7.3 Failure to danger — Interference-on other optical components

e shall be no failure to danger of\the ESPE during test sequence 3 of 5.4.6.3 usin
beam pointer of 5.4.6.2 placgghat a distance of 3,0 m from the housing of the AOH
position(s) where other optical components can be influenced by light interference.

.78 Light interference_by an emitting element of identical design
.78.1 General

Her to test for interference between AOPDDRSs of identical design, two devices sha
ted in a pesition and angle representative of the worst-case conditions as determing
sis. A possible configuration for this test of AOPDDR-3D is shown in Figure-10 12

Figure 13.

NOTE|

I \For the test of 5.4.6.8.3, the worst-case conditions for this test-may can include maximum det

ce.

tests
thest
0 out
thest

) the
DDR
urce

j the
DDR

|l be
ed by
and

ection

zones,

OPPOSITE TOUTtNg Orentation of the AOPDDRS and positiomng the (€St piece Just besioe the—-beanT

lines axes as shown in Figure-10 12.

centre

NoFE For the tests of 5.4.6.8.2 and 5.4.6.8.3, an exact positioning of the devices under test
is required in such a way that the-emitter emitting element beam(s) of one AOPDDR is (are)
directed exactly to the receiving element(s) of the other AOPDDR.

NOTE

2 Aninfrared camera-may can be used for exact positioning.
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For AOPDDR-2D thé}Qﬂ—up has to be adapted accordingly — see 5.2.1.1 c).

tolerance zone AOPDDR "A" \J;\-O
O

NOTE| Figure @bws a possible configuration for the tests of 5.4.6.8.2 (without test piece) and 5.4.6.8.3.

C)é Figure 12 — Interference between two AOPDDR-3D of identical
design (opposite arrangement
\<</ gn (opp g )
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Figure 13 — Interference between two AOPDDR-3D of identical
design (parallel arrangement)

The reflective background shall have a coefficient of diffuse reflection greater or equal 80 %
at the emitted wavelength (named white background). The white test piece (see 4.2.13.3)

shall

be used for this test.

The distance between the background and the nearest part of the tolerance zone should be
chosen according to analysis.
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5.4.6.78.2 Normal operation

The information for use may contain instructions regarding the avoidance of interference
between two or more AOPDDRs of identical design (for example, by special mounting). If no
mounting restrictions are given by the supplier for the AOPDDR, an A test shall be carried out
with both—ESPEs AOPDDRs for a time period of 4 h when radiation from the emitting
element(s) of an AOPDDR of identical design is directed towards the receiving element(s) of
the other AOPDDR according to-Figure-10 Figure 12, and Figure 13, without the test piece.

5.4.6.78.3 Failure to danger

There—shel-be-rofaiture—to-dangerof-the ESPEwhenratiationfromthe-emittinrgeterment(s) of
an AOPDDR of identical design is directed towards the receiving element(s) of the\ pther
AOPPDR according to-Figure—10 Figure 12 and Figure 13. This test shall be carried-olit for
both{ESPEs AOPDDRSs for a time period of 4 h. None of the devices under test shall go tp the

ON-dtate.

5.4.7| Pollution interference
5.4.7.1 General

Immunity against pollution interference shall be tested by carrying’out tests simulating spot-
like pollution and homogeneous pollution. The tests listed in/5:4.7.2 and 5.4.7.3 may npt be
suffigient to cover all possible designs of pollution menitéring means. In such cases,
additjonal analysis and tests shall be carried out to verify the stated detection capability. As
an ekample, it may be required to consider the variation of the reflectivity of a reference
objegt or the transmission capability of optical compenents. Special attention shall be pgid to
the influence of temperature on the pollution monitoring means.

5.4.7.2 Pollution test with opaque test spot

Immuynity against spot-like pollution shall-be tested as follows.

— Spot-like pollution shall be simulated by using circular opaque test spots of three different
dlameters:

o| half of one emiifer aperture (average) at the optical window, but resulting in a|spot
diameter notrexeeeding 20 mm;

o| half of one\receiver aperture (average) at the optical window, but resulting in afspot
diametégnot exceeding 20 mm,;

el 10 mm.

— The/coefficient of diffuse reflection of the test spots at the—emitter—beam enritted
wlavelength shall be within the range of 18 % ta 22 %

— During the test the spots shall be placed individually at-any all position relevant to the
detection capability of the AOPDDR.

— Test whether the simulated spot-like pollution will lead to an OFF-state of the OSSDs
within a time period of 5 s or does not reduce the stated detection capability.

— Tests shall be carried out to verify that when simulated pollution leads to an OFF-state of
the OSSDs, actuation of the restart interlock (if applicable) or a new power-up does not
lead to an ON-state of the OSSDs. If a restart interlock is fitted, the OSSDs shall stay in
the OFF-state when the simulated pollution is removed.

NOTE 1 For the purposes of this document, the diameter of a Gaussian laser beam is defined by the 1/e?
intensity levels.
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Based on the analysis required in 5.4.7.1, the diameter of the test spot may be adapted to

more critical cases (e.g. diameter a twice — see Figure 14 and Figure 15).

NOTE 2 The emitting element of an AOPDDR can consist of one or more LEDs. Half of one emitter aperture is the

half diameter of the aperture a of one LED projected to the plane of the optical window (see Figure 14).

Key

. O
1 opfical window \Q/

2 LHDs @)

a half of one emitter aperture Q

Figure 14 — Example of an emitt'{w\gelement of an AOPDDR
&

the pixel array. The half of one receiver aperture is
plane fof the optical window (see Figure 15). $

NOTE|3 The receiving element of an AOPDDR can@st out of a pixel array with one or more lenses in f

alf diameter of the aperture of one pixel projected

ont of
to the

IEC

Key

1 optical window (front lens)
2 aperture stop

3 pixel array

a half of one receiver aperture

NOTE This figure shows only the principles of an optical system.

Figure 15 — Example of a receiver of an AOPDDR
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.3 Test of homogeneous pollution of the emitter and receiver—beam—areal(s)

aperture

Immunity against homogeneous pollution shall be tested as follows.

Homogeneous pollution shall be simulated by using a grey, half-tone foil with a line

frequency greater than four lines per millimetre. Reflections produced by such foil shall not
influence the test results.

— For an AOPDDR having a curved optical window, the foil shall cover a 45° arc-ef over the

er
A
er
s
th

— Ddiring the test the foil shall be placed-in-any at all positions within the 'emitter and rec
lam aperture area(s) at the optical window relevant to the detegtion capability of the

b
A

pd

NOTE
can bg

NOTE]
optical

hitter and receiver-beam aperture area(s) of the optical window of the housing. F
DPDDR having an optical window with a flat characteristic, the foil shall cover 25 %"d
1|tter and recelveHeeam aperture area(s) of the optlcal window of the housmg but]

P f0|I(s) shaII have a minimum size of 300 mm2.

DPDDR.—See—Figure—13b—formore—details: Based on analysis;~this test can re

S|t|on|ng either separately on emitter or receiver or requwe coverlng a pOI’tIOI’] of bot

be necessary for the test to use more than one foil.

ill lead to an OFF-state of the OSSDs within a timeperiod of 5 s.

the detection system is attenuated up to 30% by simulated homogeneous pollution

psts shall be carried out to verify that when simulated pollution leads to an OFF-st3
e OSSDs, actuation of the restart interlock (if applicable) or a new power-up doe

e OFF-state when the simulated pg@llution is removed.

1 Equivalent materials for the simulation of homogeneous pollution, for example powder or density
used.

2 In certain applications, foryexample, in a dusty environment, the rate of accumulation of pollution
window of the AOPDDR-may can be influenced by the mounting position and orientation of the AOPD[

DI an
f the
las—a
case

eiver

quire
.

pst whether simulated homogeneous pollution outsidé_the limits specified by the supplier

pst whether the AOPDDR continues in normal operation when the received signal energy

te of
5 not

ad to an ON-state of the OSSDs. Ifsa restart interlock is fitted, the OSSDs shall stay in

ilters,

bn the
R.
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5.4.8 Interference by surrounding objects
5.4.811 Background interference
If thg—measurements position agcuracy within the detection zone can be influenced by the
background, the supplier shall identify the worst-case conditions regarding background
interference.
The fest covering background interference on the detection capability shall be carried out
accofding to 5.2.1.27and Table 1, using the following background:
a) a|corner cube-reflector with a coefficient of reflection 23-300 330 cd - Ix"1 - m=2;
b) afdiffusereflector with a coefficient of diffuse reflection of 1,8 % to 5 %;
c) other{relevant background material having a reflectivity between a) and b), if such a
bpcKground is expected to have a greater influence on the detection capability.

The worst-case distance between test piece and background shall be determined by
measurement.

If the supplier specifies the maximum reflectivity that is monitored by the AOPDDR, a test
shall be carried out to verify that the reflectivity of a background that exceeds the specified
maximum reflectivity leads to an OFF-state of the OSSDs within the specified response time.
In this case, the background interference test according to a) above shall be carried out with
the specified maximum reflectivity with the OSSDs remaining in the ON-state when the
detection zone is not penetrated, instead of testing with a corner cube reflector.

NoTE Figure 16 shows a possible configuration for the tests of 5.4.8.1.
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Figure 16 — Influence on detection cap béﬁ\y by background

.2 Multi-path reflections \QO

reflections. The supplier shall identify opriate tests based on the test set up giv

conditions should take foreseeab dustrial environments into account. They cg
sented by variations in reflectivi\ny\ distances and angles, for example, highly reflg

the test setups shown in FQ\E 17 (top view) and Figure 18 (side view) shall be use

8)

N\
Highly reflective surfaces@ can interfere with the measurement results include material that ge
ar reflections. ¢

position accura@%n be influenced by multi-path reflections, the supplier shall idg
int. @

IEC
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Figure 18 — Multi-path reflection test (side view)

The test setups shall be as follows:

— the target orientation is orthogonal to the centre axis in one direction and 45 ° tilted in the
other direction;

— the target size is 0,5 m x 0,5 m;
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the target shall have a coefficient of diffuse reflection greater or equal 80 % at the emitted
wavelength;

the distance between the origin (of distance measurement) and the target midpoint shall
be the minimum operating distance (but 0,2 m as a minimum) and the maximum operating
distance;

the reflective background size of 1,0 m height and 2,0 m width;

the reflective background shall have a coefficient of diffuse reflection greater or equal 80 %

at the emitted wavelength (named white background) and lower or equal 10 % at the
emitted wavelength (named black background);

the reflective background shall be positioned for the tests as shown in Figures 17 and 18;

the distances between the AOPDDR centre axis and the reflective background shgll be
025 m and 1,0 m;

the surrounding environment should be considered.

The fest setups shall be combined for test as follows, and test shall be carried,out at minimum

operating distance (but 0,2 m as a minimum) and the maximum operating distance:

Test A: black background with 0,25 m distance between the AQPDDR centre axig and
ack background;

pst B: white background with 0,25 m distance between the AOPDDR centre axiq and
hite background;

hckground

pst D: white background with 1,0 m distance bétween the AOPDDR centre axis and white

b

-

W

Test C: black background with 1,0 m distance betwegn(the AOPDDR centre axis and plack
b

T

bhpckground;

The tests shall be carried out by acquiring.distance measurement values from the AORDDR
for the tests described above to determinesthe maximum difference of measurement values
causgd by multi-path reflections. A minimum of 1 000 measurements shall be usefl for
deterqmining position. Measurement yvalles shall be taken at the target centre taking| into

accopint a square area with each sidg corresponding to the stated detection capability.

The [Jresults of this test shal\be taken into account to determine the tolerance zone in

accofdance with 4.2.12.2.

The fesulting differences of average value and standard deviation o of the test setups A and

B regpectively C and.D shall be considered in the determination of the tolerance zone.

5.4.90 Manuakinterference

5.4.9/1 , (Tests with opaque test spots

ImmL v gaainct manial |nfnrfnranr\n ch
Yy gaStHahoartt e

et hal-be-testedasfollows:
Spot-like manual interference shall be simulated by using two circular opaque test spots of
15 mm diameter. The first shall have a coefficient of diffuse reflection from 18 % to 22 %
at the-emitterbeam emitted wavelength. The second shall be a corner cube reflector with
a coefficient of reflection 23-300 330 cd - Ix~1 - m—2.

During both tests the spots shall be placed on the optical window and, where appropriate,
within the zone(s) with limited detection capability at any position relevant to the detection
capability of the AOPDDR (see 4.1.6).

Tests shall be carried out to verify that simulated manual interference either leads to an
OFF-state of the OSSDs within a time period of 5 s or the stated response time for

apphication—according-to-Clause-A-12 or Clause-A-13 AOPDDR for use as trip device with

orthogonal approach or does not reduce the stated detection capability.
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Tests shall be carried out to verify that when simulated manual interference leads to an
OFF-state of the OSSDs, actuation of the restart interlock (if applicable) or a new power-
up does not lead to an ON-state of the OSSDs. If a restart interlock is fitted, the OSSDs
shall stay in the OFF-state when the simulated manual interference is removed.

The second test shall be carried out with a test spot of lower reflectivity if the device is
designed as described in the paragraph before the last in 5.4.8.1. The test spot shall have the
maximum-reflectance reflectivity with the AOPDDR remaining in normal operation.

NOTE 1 These tests simulate manual interference by small objects such as adhesive tape or cigarette lighters.

NOTE 2_The test for pollution interference with the opague test spot according to 5.4.7.2 also serves to test for

immuijity against manual interference.
5.4.9.2 Manual interference test with AOPDDR covered

Testg for immunity against coverage shall be performed as follows.

The

a)
b)

The materials used for coverage shall have a-reflectivity coefficient @f -diffuse reflgction
below 10 % representing black and as defined for-the-black-testpiegey’'the white test piece
apd the retro-reflective test piece (see 4.2.13).

he test shall be performed using the materials defined above within the zone(s)| with
mited detection capability (see 4.1.6) by covering-either 50(% of the optical window gf the
busing at any relevant location, providing that at least@f€e receiver or emitter beam is
bvered.

o =4

hdow
WHREGOW

est shall be performed in the following*“sequence.

OPDDR in normal operation.

witch off the AOPDDR. Introduce the materials used for the coverage. Restore power.
eset start interlock if fitted.

he OSSDs shall stay in-the OFF-state at least until the coverage is removed.
emove the coverage. ‘Reset start interlock if fitted.
Iptroduce the materials used for the coverage.

erify that the '©SSDs go to the OFF-state within a time period of 5 s or the stated
response tipjesfor-application—-aceordingto-A-12-o6+A-13 AOPDDR for use as trip device

ith orthegnal approach, and remain in the OFF-state.

Addifional tests by covering greater angles or areas than those defined above shall be cgrried

out iffit\is likely that such coverage may not be detected.

5.4.9.3 Manual interference test in the zone with limited detection capability

Immunity against manual interference in the zone with limited detection capability shall be
tested as follows.

The object used for simulating manual interference shall be a cylinder with a minimum
effective length of 0,3 m. The surface of the object shall have a coefficient of diffuse
reflection within the range of 80 % to 90 % at the emitted wavelength.

During the test the object shall be used orthogonal to the detection zone (AOPDDR-2D)
and orthogonal to the centre axis and corner axis (AOPDDR-3D).

The diameter of the object shall be 5 mm.

The detection zone shall be set to maximum, when applicable.
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The test shall be carried out by placing the object in the zone with limited detection
capability.

The black test piece (see 4.2.13.2) shall be used for the C tests to be performed.

The tests shall be performed to verify that the stated detection capability is maintained in
the presence of an object in the zone with limited detection capability. The black test piece

shall be moved through the optical occlusion caused by the object as close as possible to
the object and at the stated maximum detection distance.

This test can be omitted if appropriate measures (for example mounting restrictions) regarding

the

detection capability is provided within the information for use

5.4.

avoidance of objects with a diameter equal or greater than 5 mm in the zone with limited

10 Optical-shadewing-within occlusion in the detection zone (eclipsed
by small object)

Immunity against optical-shadewing occlusion within the detection zone shall be testqd as

follows:

The object used for simulating optical-shadewing occlusion shall beJa cylinder wiith a
inimum effective length of 0,3 m. The surface of the test piece shall’bhave a coefficignt of
ffuse reflection—frem—189% to—22 of less than 20 % at thexemitterbeam enpitted
avelength.

uring the test the-shadewing occluding object shall be,uséd-nermal orthogonal tp the
lane-of the AORPDDR detection zone (AOPDDR-2D) and“grthogonal to the centre axi$ and
brner axis (AOPDDR-3D).

m
d

W

D

P

c

The diameter of the—shadowing occluding objectishall be 5 mm unless determined
otherwise by the analysis of 4.3.9.

T

T

z

T

=

n

f

he detection zone shall be set to maximum, when applicable.

he test shall be carried out by placing the-shadewing occluding object in the detgction
bne as near as possible to the AOPDDR\with the OSSDs in the ON-state.

he black test piece (see 4.2.13.2).shall be used for the B-tests to be performed.

he B-tests shall be performed toverify that the stated detection capability is maintained
i the presence of-eptical océluding shadowing. The black test piece shall be mloved
through the optical-shadew occlusion of the—shadewing occluding object as cloge as
ppssible to the-shadewing eccluding object and at the stated maximum detection distgnce.

Iffthe AOPDDR stays, in.the OFF-state after placing the occluding object anywhere ih the
dptection zone thefeguirements of the test are fulfilled also.

Additional tests shall“be carried out when the analysis of 4.3.9 shows that the following can

affecf the immudity to optical-shadewirg occlusion:

6

6.1

6.1

d|stances-between the AOPDDR and the shadowing object other than those stated abpve;

dlmensions of the detection zone other than the maximum;

other distances hetween the shadowing occluding nhjprf and the test Inimm:;

different diameters of the—shadeowing occluding object at different distances from the
AOPDDR;

different positions of the-shadewing occluding object in front of the AOPDDR (for example,
different angles); and/or

more than one-shadewing occluding object.
Marking for identification and for safe use

General

of IEC 61496-1:2012 applies, except as follows.
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to the second list of the subclause:

[) indication of the plane of detection for an AOPDDR-2D;

m) indication of the origin of distance measurement.

The e

7 Accompanying documents
Clause 7 of IEC 61496-1:2012 applies except as follows.
Addition:

The accompanying documents shall contain the following information where applicable:

aaa)
bbb)

cce)

ddd)

iven in the accompanying documents.

ively

application examples showing the tolerance zone(s);

dimensions of maximum and minimum detection zone(s) and tolerance zope(s)
together with information about the-detectien~zene origin of distance measurement
(see also Figure 1 and Figure 2) for the determination of the detection range;

information about the minimum required-distance between the border of a detdction
zone and the surrounding environment without detecting, for example, walls or parts
of machines in order to-guarantee-reliability ensure availability in operation (se€| also
AA.5.2);

instructions for setting the detection zone(s) including consideration of the toleffance
zone(s) and details on %other optional functions of the AOPDDR, describgd in
Annex A of this document if these options are available. A clear statement shall be
given when a zone(s)is described, whether its description is related to the detdction
zone(s) as defined~in 3.4 or the combination of the detection zone(s) and the
tolerance zone(s);

eee)

structions to prevent an undetected passage of a person towards the hazafd as
described in Clause AA.5:

fff)

ggg)

hhh)

ii)

iin

information about the behaviour of the AOPDDR in the presence of smoke and
specular reflections;

information on how the detection capability may be affected if the AOPDDR is used
within an additional housing. For example, additional housings may have an
influence on the detection capability and the detection zone;

if appropriate for the application(s), an indication on the floor of the detection zone
should be recommended;

instructions on how to document—en—paper the setting of the detection zone(s)
together with date, serial number of the AOPDDR and identification of the person
responsible;

mounting restrictions according to 4.3.5 and 5.4.6.8.2, if the AOPDDR can be
influenced during normal operation by an AOPDDR of identical design;
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kkk)

1)

mmm)

nnn)

information concerning external influences which may not be covered by this
document and which may decrease the stated detection capability. Examples may
include weld splatter, infra-red remote control devices, different fluorescent and
stroboscopic light sources, snow, rain, pollution and thermal convection;

information concerning the need to check periodically the optical window(s) for
damage (depending on the application);

information concerning the need to check periodically the mounting of the AOPDDR
for correctness and to check for possible misalignment of the detection zone(s)
(depending on the application);

information regarding the measures to be taken to avoid possible effects from-taser

000)

pPpp)

qqq)

rer)

SSS)

ttt)

optical radiation, IT applicable;

information as required by 4.1.6 if the AOPDDR possesses a zone(s) with, limited
detection capability;

information regarding the avoidance of interference by incandescent™ight solirces
when required by 5.4.6.4.1 b). This information shall contain €xamples of|light
sources which may affect the AOPDDR in use and appropriate’’distances betyween
the AOPDDR and these light sources;

information regarding the maximum speed in the worst;case direction withip the
detection zone of the AOPDDR of an object having the(minimum detectable dbject
size (see 4.2.12.3);

information that an AOPDDR-2D having a—statet“detection—ecapabiity minjmum

detectable object size greater than 117 mm_ shall not be used for directign of
approach parallel to the detection zone according to ISO 13855-(EN-999):2010, b.2:3;

instruction that the minimum detectable <gbject size shall be added to the|safe
distance calculations of 1ISO 13855 for AQPDDR-3D (see also Clause AA.4). This is
because response time specifications*@ssume that the object is entirely withip the
detection zone before it is detected;

instructions that only qualified person should perform settings of the detection |[zone
and/or other safety-related paréneters.
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Annex A
(normative)

Optional functions of the ESPE
Annex A of IEC 61496-1:2012 applies, except as follows:

Addifion:

A.9 | Setting the detection zone and/or other safety-related parameters

A.9.1 Functional requirements

The getting of the detection zone and/or other safety-related parameters shall not be pogsible
withqut using a key, key-word or tool.

NOTE| For example, the tool can be a password protected software configuration program that is document|of the
AOPDPDR.

If the setting is carried out using a personal computéer or equivalent fitted with untested
dedigated hardware and/or software, a special. pfocedure shall be used for setting the
detegtion zone. This procedure shall be in_saccordance with—ceorresponding—computer
appra)prlate standards (see aIso 4 2. 11 of IEC 61496 1 2012) —H—sha”—enly—be—pessmlre—te
configu # 2DE

tool ip

The getting ofRSafety-related parameters should only be performed by qualified persons| The
procg¢dure Shell include measures to ensure that the input parameters are transnpitted
correlctly(amd without corruption to the AOPDDR. This shall be applied for all safety-reflated
settingS{for example, the setting of the response time. The parameterization procedures|shall

f + HY 4 ] I/ Nl SV Va Vol B e VaVal =l oa4a Lo 47040 4 IO
con o armn apgpropriatc staliuaru (€Y. 1T UZUUL. ZUUO, U. L1, L Ul 10U 1o049°1.2 15

4.6.4).

A.9.2 Verification

The setting of a detection zone or other safety-relevant parameter(s) shall be verified as
follows:

a) verification of the correct setting function(s) for each configuration parameter (minimum,
maximum and representative values);

NoTE the possibility of differences between the detection zone as displayed on the screen of
a configuration tool (for example, a personal computer) and the actual detection zone of the
AOPDDR should be taken into account;
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verification that the configuration parameters are checked for plausibility, for example by
use of invalid values, etc.;

verification that the access to, and methods of, configuration by the user are in

accordance with the requirements of corresponding standards—{see,ferexample;4-2-11of
Eo e 0 o other solovenl olondopdo

verification, in the case of detection zones that can be varied in size during operation, that
the data/signals for determining the size of a detection zone are generated and processed
in such a way that a single fault shall not lead to a loss of the safety function; verification
that such a single fault is detected and causes the OSSDs to remain in the OFF-state or
to go to the OFF-state within the response time of the AOPDDR.

g Selection of multiple detection zones

If an|AOPDDR has more than one safety-related detection zone, a single_fault shall not| lead

to anfunintended change from one selected zone to another zone.

For

Type 3: In cases where a single fault which does not cause ja‘failure to danger df the

AOPDDR is not detected, the occurrence of a further faults internal to the AOPDDR shafl not

causg a failure to danger.

NoFE|Where the input signals are derived from device(s) external to the AOPDDR, this(those)

dev
ISO

ide(s) should meet the relevant requirements of othier appropriate standards (for example
| 3849-1, IEC 61508 (all parts), IEC 62061).

Single faults that prevent an intended change ffem one selected zone to another or prevent

the
alo

an additional zone. The specified response‘time(s) shall be maintained in this case.

NOTE|1 It is possible that each zone has adifferent response time as specified by the-manufacturer supplief.

gctivation of an additional safety-related d€étection zone shall cause the AOPDDR to po to
ck-out condition when a demand requirés-an activation of another zone or an activatipn of

If a detection zone is changed,'in size on-line for example by external inputs, the $ame

requirement applies.

The @ctivation of the detection zones shall be monitored by the AOPDDR. The user shall jhave

the

possibility to cohfigure the sequence of activation of the detection zones whi¢h is

monitored by the tAOPDDR. If an incorrect sequence of activation of the detection zonles is

deteg¢ted, the AQRDDR shall respond by going to a lock-out condition.

NOTE| 2 The-automatic selection of safety-related detection zones is not a muting function (as descriped in

Clau

A.102—¥erification

s¢ A/ 7\0f IEC 61496-1:2012).

The functional requirements for the selection of multiple detection zones shall be verified as
follows.

a)

b)

Verification that a single fault does not lead to an unintended change from one selected
zone to another zone. Verification that a single fault does not prevent an intended change
from one selected zone to another or prevent the activation of an additional safety-related
detection zone.

For Type 3: Verification that further faults will not lead to a failure to danger shall be
carried out according to 5.3.4.

Verification that common-mode failures cannot lead to a deactivation or variation of the
detection zones.
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c) Verification that the specified response time of the AOPDDR is maintained in the case of
switching between different detection zones.

d) Verification that the user has the possibility to configure the sequence of activation of the

d

etection zones which is monitored by the AOPDDR.

e) Verification that the AOPDDR goes to the lock-out condition when the sequence of

a

ctivation differs from that configured by the user.

NOTE It is necessary to consider that persons-may can already be within the detection zone at
the moment of switching between different detection zones.

A. 1]

A.11
If the

Automatic setting of detection zones

1 Functional requirements

AOPDDR has the p055|b|I|ty to automat|cally set the detection zone(s) the setting ¢

detegtion zone shall-be ¢ D 2 g 0
detegdtion zone at least once in-a comdor with-a-maximum w.dLh of 0,75-m-along the border of
the—detection—zoene require verification by inspection of the detectigf)yzone(s) supportqd by
manudal checks.-The corridor shall-be-inside the detection zone-

The automatic setting of a detection zone shall not be possible‘without using a tool. Thig tool

can Qe, for example, a password protected software configuration program.

When determining the—+ranging position accuracy of antautomatically set detection zong, all

cond|tions as listed in this document shall be take€n ‘into account, especially environmfental

interflerences.

A.11]2 Verification

The functional requirements for automatically setting a detection zone shall be verified bl the

following tests:

a) tests according to A.9.2 a), h) and c);

b) tept whether the—mq&wemen%s—ﬁer—&n—aa%em&ﬂe&%—set automatlc setting of a detdction
zdne(s) elin—a
eemder—mn{h—a—ma*mum—e%qq—aieng—the—be#de# requwes mspectlon of the detdction
zdne(s) supported pyNmhanual checks;

c) vgqrification that a.tool (for example, a password protected software configuration program)
is|necessary.toenable automatic setting of a detection zone.
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A.12 Reference boundary monitoring 0;1/
%/
A.12]1 Functional requirements '\b(g)

distapces measured by the AOPDDR. The reference dista the distance between the
AOPPDR and a boundary (for example a wall). The supplg&\ as to specify the value of TZg
(see [Figure A.1). <<

The AOPDDR shall monitor the reference d|staanCQ1d the value of TZg during operation.
The PSSDs shall go to the OFF-state if the di e measurement values are outsid¢ the
tolergqnces defined by the supplier.

Refefence boundary monitoring is a measure that compa;goreference distances| and
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Figure A.1 — Refe@a boundary monitoring — Distribution of measurement valug

the distribution of measurement values on an object to be detected.
TZ + TZg/the probability that an object is identified is sufficient. For simplification,
Figufe A.1 sfows only the probabilistic aspects of the distribution of measurement values

5 Cr{g device of an AOPDDR shall be actuated and the OSSDs shall go to the

ol thao dotaat:

IEC

S

With

DFF-

or the

state
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WHCTT o (CST PTe T T aCCUTUTITC T VWit . 2. Lo 1O THoviiy

thvra,
ooy

an—Zano
trc-OCtTCTToTT Z0TTc~ U

tolerance zone regarding the boundary (TZg) such that the direction of movement and the axis
of the cylinder are orthogonal to the plane of the detection zone, at a speed of 1,6 m/s. Where
the supplier states that an AOPDDR can be used to detect objects moving at speeds greater
than 1,6 m/s, this requirement shall be met at the stated maximum speed. When the OSSD(s)
go to the OFF-state, they shall remain in the OFF-state while the test piece is present in the
detection zone.

NOTE The purpose of this requirement is to ensure that the OSSDs go to the OFF-state when a person or part of
a person passes through the detection zone.

Figure A.2 shows an example for using an AOPDDR as a whole body trip device. Figure A.3
shows an example for using an AOPDDR as parts of a body trip device. The value of a shown
in Figure A.3 shall be small enough to ensure detection of the test piece.
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Figure A.2 — Use of an AOP@? with reference boundary monitoring
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Figure A.3 — Use of an AOPDDR as parts of a body trip device
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A.12.2 Verification

Verify that:

a) the OSSDs go to the OFF-state if the distance measurement values are outside the range

defined by the supplier for the reference boundary monitoring;
b) the stated detection capability is not exceeded;

c) the accompanying documents contain the information necessary to ensure that persons

cannot pass undetected through the detection zone;

d) the sensmg deV|ce is actuated and the OSSDs go to and remaln in the OFF state when a

cylinder are orthogonal to the plane of the detection zone at a speed of 1,6 W

the supplier states that an AOPDDR can be used to detect objects mo
greater than 1,6 m/s, verification shall be carried out at the stated maximu

V&eed N
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Annex B
(normative)

Catalogue of single faults affecting the electrical equipment of
the ESPE, to be applied as specified in 5.3

Annex B of IEC 61496-1:2012 applies, except as follows.

Addillion:

B.7 | Sensor array for distance measurement

Faults considered Extlusions

Wrond line addressing None
Wrond column addressing None
Crossjalk between lines, columns and pixels Ndne
Static|limage (no new image) None
Stuck fat high pixel None
Stuck fat low pixel None
Chande in register settings, if applicable None
Failurg in the analogue to digital converter, if applicable None
Failurg¢ in data pre-processing, if applicable, resulting &.g. to wrong

distanpe value or different distance values on differgnt pixels or sensors None
Oscillgtion in signal processing (e.g. amplifierkdf applicable None

Addifional annexes:
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Annex AA
(informative)

Examples of the use of an AOPDDR in different applications

AA.1 General

NOTFE An International Standard dealing with the application of protective equipment to detect

its

in

IEC 62046/CDV:2006 2017 contains

the presence of persons is being developed.
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Top view
Side view
R\
Key (@)
1 m4chinery \l_\'
2 AQPDDR-2D S
3 defectionplane plane of the de(é) ion zone
4 hafard oL
5 defection zone @
6 tolerance zone O
Figu@AA.l — Example of the use of an AOPDDR-2D on machinery

Calculation @ the minimum safety distance S should be in accordance with 6
1ISO }(38@10, using the following formula:

S—(\ )-LQ Crrr-m—ssﬁmm
F=Tacropr+TuacHine
S=(KxT)+C
where

K =1600 mm/s;

T =Taorobr t TMACHINE:
C =1200mm - 0,4 H, but not less than 850 mm.

Then

IEC

of
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S = (1600 x T) + (1200 — 0,4 H)

The lowest allowable height of the detection zone should be calculated as follows:
H =15 (d — 50)

When configuring the detection zone, the value of the tolerance zone should be added to the
safety distance S.

The value of a shown in Figure AA.1 should be small enough to ensure detection of the test
piece at distances up to and including S plus the tolerance zone. The diameter of the test
piece should be in accordance with the formula d = H/15 + 50 mm (see Equation (8) of
ISO 13855:2010).

Accofding to 6.3 of ISO 13855:2010, when electro-sensitive protective equipment¥emplpying
activge opto-electronic protective devices is used for direction of approach paraliél to aftwo-
dimepsional detection zone, the device should have a minimum detectable ghject size ip the
rangg from 50 mm to 117 mm.

AA.3 Example of the use of an AOPDDR-2D on an automaticguided vehicle
(AGV)

Figue AA.2 shows an example of the use of an AOPDDR-2D.6n an automatic guided vghicle
(AG\).
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Top view

®

Side view

© ! |

IEC

Key
AGV

AQPDDR-2D

Bdtection plane of the detection zone
defection zone

tolerance zone

o 0 A~ W N PP

addition to the detection zone

Figure AA.2 — Example of the use of an AOPDDR-2D on an AGV

The fetermination of the;'minimum safety distance S should take into account, for example,
the maximum speed.of the AGV, the AOPDDR-2D response time and the braking distange of
the AGV.

The pise of amyAOPDDR-2D as a protection device for AGVs may require an addition tp the
detegtion zone. The value of this addition should be determined by taking into accounf, for
exan|ple/the absence of free space in front of the AGV, the speed of movement of a pé&rson
or thpsreduced efficiency of the brakes. When setting the detection zone, the values df the
tolerance zone an
distance S.

The height of the plane of detection-plare, H, should be as near as possible to the floor and
not higher than 200 mm (see H in Figure AA.2, and EN 1525).

If it is possible for a person to stand between the front of the AGV and the detection zone
when the AGV is at rest, then other safety measures should be provided to prevent injury
when the AGV starts.
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AA.4 Positioning of AOPDDR-3D in respect of parts of the human body

AA.4.1 Calculation of distances for AOPDDR-3D

AA.4

NOTE

.1.1 General

1 1SO 13855 provides a methodology to determine the minimum distance S from specific sens

ing or

actuating devices of protective equipment to a danger zone. Clause 6 of ISO 13855:2010 details the calculation of
minimum distances for electro-sensitive protective equipment employing active opto-electronic protective systems.
This Annex AA adopts the given approach and extends it where necessary. It is foreseen that after some
experience, the methodology will be presented to the committees preparing 1ISO 13855 and IEC 62046 for adoption

and in

Whe
ISO
AA.4

ISO

Both

resulting lower minimum distance S. Analysis has shown thK

orthg
case
the t
floor|
poss

of (d
haza
be 1
a mirf

To efsure that the value Crq accordirlg@so 13855:2010, Table 1, is smaller than the

tegration in their standards.

13855:2010, Clause 6, should be taken into account including additionsgive
1.2t0 AA.4.1.4, Q‘
O

3855 distinguishes in the calculation of the minimum distance between Q

lause AA.6), and ™

btection zone parallel to the direction of approach. @'\

cases can be applied for a three-dimensional volunﬁgﬁ is allowed to choosq
t'the formulae for detection 2

gonal to the direction of approach lead to a IoweQ@equal minimum distance S i

5 described below. For Formulae (AA.5) to (AA.%

hree-dimensional detection zone is orthogonag the reference plane, for exampl
Other shapes such as ball-shaped or trapezQ{ al need further consideration. In ad

b

+ d) calculated according to thg\ ormulae below independent of the height a o

400 mm as a minimum for inimum detectable object size = 70 mm, and 2 400 m|
imum in all other Cases.‘\\C)

h calculating minimum distances, the requirements and formulae gi)Qn by

N by

btection zone orthogonal (at right angles or normal) to the direction@approach (seg also

the
ones
h the

is considered that the outer shell of

b the
Hition

ble circumventing of an AOPDDR-3D by ching over the detection zone has fo be
addre¢ssed according to ISO 13855:2010, Tahle;1.

alue
f the

d zone, the height b of the upper edge of the detection zone of the AOPDDR-3D s||10uld

m as

NOTE| 2 A height b equal o émater than 1 400 mm, respectively 2 400 mm, means that there is no pdssible
circunjventing of an ESPE@ding to ISO 13855 by reaching over the detection zone.
AA.41.2 Calcu ag-én of the overall minimum distance S,
When caIcuI@'the size or volume of a zone that is used to prevent a person reachinp the
hazafd zo fore the termination of the hazardous machine function an overall minjimum
distapce ("9, should be calculated by Formula (AA.1), respectively Formula (AA.4).
Forn1 A.2) is a general formula given by ISO 13855.
So=S+S, (AA.1)
S=(KxT)+C (AA.2)
S,=Ci, +d (AA.3)

So=(KxT)+C+Cp,+d (AA.4)
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where

S, is the overall minimum distance, in millimetres, combining the minimum distance S and an

additional distance S;

(o]

S is the minimum distance, in millimetres, from the hazard zone to the detection point, line,
plane or zone;

is an additional distance, in millimetres, combining the effects of systematic and random
influences;

K is a parameter in millimetres per second, derived from data on approach speeds of the
body or parts of the body (see ISO 13855 for details);

T E the overatt SystenT StoppiTg PerformTarce 11T Seconus,

an additional distance in millimetres, based on the distance, which a part o body
ay be moving towards the hazard zone prior to the actuation of the protect|v V|ce,

Ci, ip an additional distance in millimetres, based on the tolerance zone protective
dlevice to satisfy systematic and random influences;

d i the minimum detectable object size of the device, in miIIir%f’r.B’s (mm), i.el the
dimension of the test piece.

NOTE| Protective devices employing a volume as a detection zone will normal@quire a test piece to be [inside
the dgtection zone with a dimension of at least its minimum detectable object size. This is taken into accopnt by
the cdrresponding test procedures (see for example Clause 5). Therefore l@dimension of the test piece|(d) is
part of the additional distance S_ in Formulae (AA.3) and (AA.4). If partis\@mrusion satisfies the requiremgnts of
this dpcument only the relevant portion of the dimension d is used in iQo e formulae (i.e. d; in Figures AN.6 to
AA.8)

AA.41.3 AOPDDR-3D with a minimum detectal@bject size > 40 mm and £ 55 mm

The minimum distance S in millimetres should %&Iculated by Formula (AA.5) for AOPDDR-
3D having a detection capability in the range >@1 mm and < 55 mm:

S = X T) + Cyp + Csgp (AA.5)
Q\
wherk \Q
S is the minimum distance, |e\)l-mlllmetres from the hazard zone to the detection point/[line,
plane or zone; N\
K is a parameter in millimetres per second, derived from data on approach speeds qf the
body or parts of ody (see ISO 13855 for details);

T is the overall §ystem stopping performance in seconds;

al distance in millimetres, based on formulae given by ISO 13855| with
=14 mm) = 8 (40 mm — 14 mm) = 208 mm,;

ditional distance in millimetres, based on the formula Cgg = 12 (d — 40 mm);

d e minimum detectable object size of the device, in millimetres (mm), i.el the
ension of the toast pinr\n_
Then
S=(KxT)+208 mm+ 12 (d — 40 mm) (AA.6)
S=(KxT)+12d-272 mm (AA.7)

NOTE 1 The formula for C, is derived from an estimation based on data given by B. Flugel, H. Greil, K. Sommer,
Anthropologischer Atlas, Verlag Tribune Berlin 1986, ISBN 3-7303-0042-3 using a safety supplement.

NOTE 2 For the calculation of C,,, the value of d has to be 40 mm irrespective of the minimum detectable object
size stated by the supplier. For the calculation of C.., the value of d is the minimum detectable object size stated
by the supplier.

55
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AA.4.1.4 AOPDDR-3D with a minimum detectable object size > 55 mm and £ 200 mm

The minimum distance S in millimetres should be calculated by Formula (AA.8) for AOPDDR-
3D having a minimum detectable object size in the range > 55 mm and < 200 mm:

S=(KxT)+C (AA.8)

where

S

K

exan|ple using partial intrusion of an object into th
to AA.8.

NOTE| The letters symbols used in Figures AA.3 to AA.Qare presented in AA.4.1.2.

Key

Then| o
O)

AA.41.5 Examples of detection zone and tolerance zqq§</

Figudes AA.3 to AA.5 show an example of detectiongne and tolerance zone. A s¢

is the minimum distance, in millimetres, from the hazard zone to the detection point,
plane or zone;

line,

Itf a parameter in mimmetres per second, derived from data on approach speeds, g
ody or parts of the body with K =1 600 mm/s (see ISO 13855 for details);

ik the overall system stopping performance in seconds;

i an additional distance of 850 mm; according to ISO 13855 this value ﬁ\onsider
be the standard arm reach. (1,

-

o)
N

S = (1600 mm/s x T) + 850 mm _ © (A

ction zone is shown by Figures
N\
N
Side view $\'
¥
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1 hazard zone

2

test piece

3 detection zone

Figure AA.3 — Minimum distance S — Example 1
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According to the general description of the test procedure in 5.2.1.1, the test piece shall be
detected when placed inside the detection zone as far as the minimum detectable object

size d.
Side view
o =
R
d
O
ol P
(5.
o
I
s - s e 6&(
s S,
So (/C) IEC
A
Key O

1 hagard zone
2
3 de

tegt piece

ection zone

The ¢limension of the minimum detecs&% object size d will be added to the minimum disf

S to énsure the correct distance be{_@een the hazard zone and an object.

C}\c‘}‘
o& |
S
e

S
NS

Z
Figure AA.4 — Overall minimum di%&&e S, without tolerance zone — Example 1

ance
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igure AA.5 — Overall minimum distance S, ilQI ding tolerance zone — Example

O

dered in addition to the detection §?§ The tolerance zone depends on po
acy composed of systematic and ra$ influences. Even if a measured distance
est piece falls into the tolerance zgn

SSDs will go to the OFF-state or¥&main in the OFF-state.

i

S
bili kc~) detection, the tolerance zone has fo be

Bition
alue

, this test piece will be determined as detected and
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Side view

= =ls m

IEC

Key
1 hafard zone

2 tegt piece

3 defection zone

+d2

Figure AA.6 — Minimum distance S — Example 2

Accofding to the general description of theltest procedure in 5.2.1.1 the test piece shgll be
deteg¢ted when placed inside the detectiomizone as far as the minimum detectable objec{ size
d. If partial intrusion of an object intq\the detection zone as shown by the dimension [d; in
Figune AA.6 leads to detection, then.tfie dimension d; will be added to the minimum distapce S
to enfsure the correct distance between the hazard zone and an object (see Figure AA.7).
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Side view
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Figure AA.7 — Overall minimum distapde S, without tolerance zone — Example 2
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see Figure AA.6

Figure AA.8 — Overall minimum distance S, including tolerance zone — Example 2
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To achieve the required minimum probability of detection, the tolerance zone has to be
considered in addition to the detection zone. The tolerance zone depends on position
accuracy composed of systematic and random influences. Even if a position of a test piece
falls into the tolerance zone this test piece will be determined as detected and the OSSDs will

go to

AA.4

the OFF-state or remain in the OFF-state.

.2 Application examples for body detection of an AOPDDR-3D

The application example shows a robot working station (Figure AA.9). The entry of persons is
prevented on two sides by walls or safety fences (top view). The entry from the other two
sides is monitored by an AOPDDR-3D. If a person enters the detection zone the robot stops

its m

PVEITICTIL. A

safety distance S should be calculated in accordance with the exampleQ%’ive

The n in
Claugse AA.4 and the AOPDDR-3D accompanying documents. Furthermore th&-distange to
walls| (a) the distance to the floor (b) and the height of the detection zon ) should be
calcylated in accordance with the AOPDDR-3D accompanying docu eﬁ}s and the| risk
assepsment. o ’
The AOPDDR-3D can be mounted at different positions. Side viem\E‘ and side view 2 ghow
two possible solutions and the shape of the resulting detectionQZ)one (4) and the adjacent
tolergance zone (5).
&
& O
L
N
7
S\\Q
¥
O
&
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Top view

W/

lliinnmnms

7
L

Side views in direction of A-A:

Side view 1 O Side view 2

(AOPDDR-3D position 1) (AOPDDR-3D position 2)

Key

1 AOPDDR-3D position 1 S, overall minimum distance according AA.4.1.2
2 AOPDDR-3D position 2 H height of detection zone

3 robot a distance to walls

4 detection zone b distance to the floor

5 tolerance zone

6 direction of approach

7 hazard zone

Dimensions a and b should be determined during risk assessment.

Figure AA.9 — Application example for body detection of an AOPDDR-3D
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AA.5 Examples of the use of an AOPDDR

AA.5.

1 General

Part of the risk assessment is the correct dimensioning and locating of the detection zone.
Especially distances to parts of machines or walls as shown in Figure AA.9 have to be
dimensioned such that an undetected passage of a person towards the hazard is not possible
(see dimension a) or other measures have to be taken. For example the following measures

are a

pplicable:

— distance from detection zone border to a wall is small enough to avoid undetected

pESSayge of a persomtowards thetrazard(see AA S 2); A
— mechanical barriers; N
— oyerlap by the tolerance zone (see AA.5.3); %Q‘
— rg¢ference boundary monitoring (see AA.5.4). (19'\
AA.52 Limited distance D
To determine if the distance from a detection zone to a wall (TZ + Id @:lgure AA.10) is

enou
infludg

—

- P

|
=0

1

[¢

ph to avoid an undetected passage of a person toward%%e hazard the follg

nces have to be analysed: C)
inimum detectable object size (d); \Q/
bsition accuracy of the AOPDDR and resulting tole n@e zone (T2);

ipplier information to achieve availability in %@tlon for example limited distan
pm tolerance zone to wall;

cation and stability of detection zone durln‘g}}peratlon

small
wing

ce Id
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Figure AA.10 — Limited distance
Figude AA.10 shows_the"distribution of measurement values on an object to be detectdd. In
accofdance to Formula (AA.10) the probability that an object is identified as to be insidg the

detegtion zone_ds\'sufficient. For simplification, Figure AA.10 shows only the probabijlistic
aspefts of theddrstribution of measurement values.

d>TZ +1d (AA.10)

where:
Id is the limited distance;
TZ is the dimension of the tolerance zone;

d is the dimension representing the diameter of the test piece.

NOTE To achieve the minimum required probability of detection, the tolerance zone is added to the detection
zone; see Annex BB for further explanation.

AA.5.3 Overlap by the tolerance zone

To determine if an overlap by the tolerance zone (o in Figure AA.11) is sufficient to avoid an
undetected passage of a person towards the hazard, the following influences have to be
analysed:
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— minimum detectable object size (d);

— position accuracy of the AOPDDR and resulting tolerance zone (TZ);

— location and stability of detection zone during operation.

For positioning the detection zone, also the possibility of an undetected passage of a person

between detection zone and other parts of a wall or machinery should be taken into account
during risk assessment.

Top view
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R
\"QQ) -So 3o -lo lo 3o 5o e
Key A\Q)
1 AQPDDR used as a whole body trip deg('@ with orthogonal approach
2wyl \J:
| Y
3 defection zone Q
@" Figure AA.11 — Overlap

{Lhe distribution of measurement values on an object to be detected.|With
ay pass in direction to the hazard. To avoid such a situation, an ovrlap
has fo be a ;i.e.d + 0 > TZ. The overlap shown in Figure AA.11 can be calculatgd by
Formula (AANA). For simplification, Figure AA.11 shows only the probabilistic aspects qf the
distriputi measurement values.

NS

Figue AA.11 sho
TZ =|d, an obje

0>TZ-d (AA.11)

where

0 is the necessary overlap of a solid barrier, for example a wall as shown in Figure AA.11;
TZ is the dimension of the tolerance zone;

d is the dimension representing the diameter of the test piece.

AA.5.4 Reference boundary monitoring

Reference boundary monitoring is a measure that compares reference distances and
distances measured by the AOPDDR. The reference distance is the real distance between the
AOPDDR and a boundary (for example a wall). To determine if reference boundary monitoring
is sufficient to avoid an undetected passage of a person towards the hazard the following
influences have to be analysed:
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— minimum detectable object size (d);
— position accuracy of the AOPDDR and resulting tolerance zone (TZ);

— position accuracy of the AOPDDR and resulting tolerance zone regarding the boundary
(TZp);
— location and stability of detection zone during operation.

N\

Key

L~
L~
L~
e
L~

50 30 -10l10c 30 b5c
|

<>

reference boundary

miphimum detectable obje€isize (d)

1
2
3 tolerance zone (T2)
4

tolerance zone regarding the boundary (TZg)

NOTE]

Figure, AA.12 — Reference boundary monitoring — Distribution of measurement val

The valye'of TZg is taken as 3o only as an example. The supplier has to specify this value.

es

Figure AA.12 shows the distribution of measurement values on an object to be detected. With
d > TZ + TZg, the probability that an object is identified is sufficient. For simplification,
Figure AA.12 shows only the probabilistic aspects of the distribution of measurement values.

AA.6 Detection zone angled to the direction of approach — orthogonal approach

According to ISO 13855:2010, 6.4, foreseeable angles of approach greater than 30° should be
considered orthogonal approach and foreseeable angles of approach less than 30° should be
considered parallel approach. Figure AA.13 and Figure AA.14 show orthogonal approaches.
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AA.57Example for the calculation of the response time of an AOPDDR-2D

Device example:

— scanning AOPDDR-2D with rotating mirror;

— mirror rotation frequency 20 Hz (T = 50 ms), tolerance = 4 %;

— detection criterion: detection in two consecutive 180°-scans.

Calculation of response time:

—  twofull-mirrorcirculations-for detection: 100 ms

— maximum time to finish 180° scan (half circulation): 25 ms

— eyaluation time after 180°-scan: 15 ms

— nfirror rotating tolerance (4 % of 125 ms): 5ms

— relay drop-out time of the-ESPE AOPDDR-2D: 15 ms

TotallESPE AOPDDR-2D response time: 160ym’s

NOTE| Faults leading to an undetected increase of the relay drop-out time areynot taken into account with

calcul

htion. The possibility of an occurrence of such an undetected increase depends on the design.

in the
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Annex BB
(informative)

Relationship between-+rangirg position accuracy and probability
detection

IEC TS 61496-4-3:2015, Annex BB, describes a method to determine the position accuracy without
distance information.

2018

of

using

Probability of detection (POD) as used in this document is determined by the accuracy of
measurement and is not related to the probability of faults. The probabhility that a test

iece

placs
be c3

This
(Gau
accu

n

d at the border of the detection zone is measured as being inside the detection zong
liculated by using the standardized distribution function as follows:

calculation is based on the assumption that the measurement values follow a ng
5sian) distribution. Figure BB.1 shows the relationship between—ranging po
acy and detection zone.

ide view

P can
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Bition

\ 56 -3¢ -lol1c 3o So

IEC
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AOPDDR

detection zone

1
2
3 test piece
4

standardized normal distribution of the measurement values

Figure BB.1 — Relationship between-+ranging position accuracy and detection zone

Without any addition to the detection zone, the probability of detection would be unacceptably
low. It is a requirement of this document that the supplier states this addition which is called
the tolerance zone. Figure BB.2, Figure BB.4 and Figure BB.5 show how the required
probability of detection is achieved by the addition of this zone. Several different influences
contribute to the tolerance zone as defined in this document. Figure BB.4 and Figure BB.5
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show the complete tolerance zone. Figure BB.2 shows only the part that is related to
probability. The remainder of the tolerance zone in Figure BB.4 and Figure BB.5 takes into
account systematic interferences, etc.

The probability that a test piece placed at the border of the detection zone is measured as
being inside the detection zone or in the supplement of 50 (tolerance zone in Figure BB.2)
can be calculated by using the standardized distribution function (i.e. o = 1) as follows:

1 50 5
z
F(Z) = E J- e 2dz

F=1-29x107"

This [calculation is based on the assumption that the measurement values fellow a ngrmal
(Gaupsian) distribution. Figure BB.2 shows the relationship between-—tanging position
accufacy, detection zone and that part of the tolerance zone which is related to probability.
The {est piece as shown in Figure BB.2 will be measured as inside the\detection zone with a
probability of 0,5. When configuring the AOPDDR zone, the valuexof the tolerance |zone
shou|d be added to the calculated safety distance (detection zone€)y Then, the probability that
it will be measured as inside the detection zone or the tolerance zone is 1 — 2,9 x 10~7.

Sidg view

(2) (+)
.

: S A S

¢ 1 1 1o 30 &
\'\.
9
- IEC

Key
1 AOPDDR
2 detection zone
3 test piece
4 tolerance zone; this part of the tolerance zone is related to probability
5 standardized normal distribution of the measurement values

Figure BB.2 — Relationship between-+ranging position accuracy, detection zone
and the probabilistic part of the tolerance zone — Example 1


https://iecnorm.com/api/?name=3d5784aa9616996de287dd58378a9fa8

Side

-112 - IEC 61496-3:2018 RLV © IEC 2018

view
P e
2) '\I_}
- ) ‘ —

Key
AdQ
de|
te

tol

a b~ W N P

St3

Figue BB.3 shows that a test piece, outside the tolerance zone may be measured as i

the t
asin
deted
only
sSurro

The
back
and
differ

=Sg =37 -t} 1o 3¢

N

i1 q ™,

M (¢ o
(3}
poy

PDDR
ection zone
t piece

Erance zone; this part of the tolerance zone is related to, probability

ndardized normal distribution of the measurement values

Figure BB.3 — Relationship betweeng@anging position accuracy, detection zone
and the probabilistic parti\of the tolerance zone — Example 2

plerance zone. At a position shown in Figure BB.3 the probability that it will be meas
Side the detection zone or the tolerance zone is 0,0228. Due to this, when configurin
tion zone and the tolerance zone, it has to be observed that reliability in operatior
be ensured if the outer border of the tolerance zone is far enough away fro
unding environment,for example walls or machine parts — see also item ccc) of Cla

tolerance zene”is also affected by influences that are not probabilistic, suc
ground interference. This part of the tolerance zone should be verified by the tests @
6.4. Figure BB.4 and Figure BB.5 illustrate the complete tolerance zone and

the d

ent values for the probabilistic part of the tolerance zone. The value of 50 depeng
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Figure BB.4 — Relationship between+agging position accuracy, detection zone
and tolerancezone — Example 1
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The [determinafion of the required probability of detection is In accordance | with
IEC 61508-1:2010, Table 3. Considering a factor for the frequency of penetration~of the
detegtion zone of 3/h, the probability of non-detection of the specified test pieces withip the
detegtion zone(s) is limited to 2,9 x 10~7. As shown above, this leads to a supplement pf 5o
for tHe calculation of the tolerance zone.
Figunes BB.1 to BB.5 show a static scenario with a single measurement. ifan AOPDDR [uses
a MooM-evaluation with M > 1 (for example, 3 out of 3) or a NooM-evaltation with N < M (for
examnple, 2 out of 3) as a detection criterion, the value given for the*probability of detgction
has {o be fulfilled. In the case where a MooM-evaluation with M>> 1 is used, the required
probability of detection of a single measurement will be higher)than for a lool-evaluation.
Figune BB.6 shows the relationship between M and PODof a single measuremept in
loganithmic terms. Figure BB.7 shows the probability<‘of detection POD of a dingle
meagurement and the values for o based on the assdmption that the measurement values
follow a normal (Gaussian) distribution.
1-1|00E-06 .
: (s
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QO t114]
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Figure BB.6 — POD of a single measurement (logarithmic)
for a MooM-evaluation with 1 < M < 50

IEC
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF MACHINERY —
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT —

Part 3: Particular requirements for active opto-electronic protective

devices responsive to diffuse reflection (AOPDDR)

FOREWORD

1) Thle International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all
international co-operation on all questions concerning standardization in the electrical and/electronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical Specific
Tecchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Puyblication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee inte

in

national electrotechnical committees (IEC National Committees). The object of I[EC"is to pr

bmote
fis. To
tions,
“IEC
rested

the subject dealt with may participate in this preparatory work. International, governmental and non-

gojernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates dlosely

wi

h the International Organization for Standardization (ISO) in accordance’ with conditions determined by
agfeement between the two organizations.

2) Thie formal decisions or agreements of IEC on technical matters express,‘as nearly as possible, an interngtional
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of machinery — Electrotechnical aspects.

afety

This third edition cancels and replaces the second edition published in 2008. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) extension of the scope from AOPDDR-2D to AOPDDR-3D;
b) extension of the scope from Type 3 ESPE to Type 2 ESPE;

c) implementation of requirements and test procedures for AOPDDR-3D and Type 2 ESPE;

d) listing of reference boundary monitoring as an optional function of the ESPE;
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e) implementation of instructions for positioning of AOPDDR-3D in respect of parts of the

h

uman body;

f) revised requirement for combinations of single faults with conditions for no failure to
danger, see for example 4.2.2.4, last paragraph.

The text of this standard is based on the following documents:

FDIS Report on voting
44/831/FDIS 44/837/RVD

Full information on the voting for the approval of this standard can be found in the repdrt on
votinf indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part(2.

This document is to be used in conjunction with IEC 61496-1:2012.

Whete a particular clause or subclause of IEC 61496-1:2012 is|ynot mentioned in| this
document, that clause or subclause applies as far as is reasonable. Where this document
states "addition" or "replacement”, the relevant text of I|EC 61496-1:2012 is adapted
accofdingly. Clauses and subclauses which are additional tathiose of IEC 61496-1:201p are
numbered sequentially, following on the last available number‘in IEC 61496-1:2012. Whefe no
availgble number exist, the additional subclauses, are numbered starting from [101.
Supplementary Annexes are entitled AA and BB.

A list of all parts in the IEC 61496 series, published under the general title Safety of
macllinery — Electro-sensitive protective equipment, can be found on the IEC website.

The gcommittee has decided that the contents of this publication will remain unchanged| until
the gtability date indicated on the IEC/ web site under "http://webstore.iec.ch" in the|data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

o regplaced by a revisedvedition, or

e amended.

IMPORTANT— The 'colour inside' logo on the cover page of this publication indicates
that | it \contains colours which are considered to be useful for the corfect
unddrstanding of its contents. Users should therefore print this document usirlg a

colour printer.
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INTRODUCTION

An electro-sensitive protective equipment (ESPE) is applied to machinery presenting a risk of
personal injury. It provides protection by causing the machine to revert to a safe condition
before a person can be placed in a hazardous situation.

This part of IEC 61496 supplements or modifies the corresponding clauses in IEC 61496-1 to
specify particular requirements for the design, construction and testing of electro-sensitive
protective equipment (ESPE) for the safeguarding of machinery, employing active opto-
electronic protective devices responsive to diffuse reflection (AOPDDRSs) for the sensing
functian

Each| type of machine presents its own particular hazards, and it is not the purpose’of this
document to recommend the manner of application of the ESPE to any particular machine.
The application of the ESPE is a matter for agreement between the equipment.supplief, the
machine user and the enforcing authority. In this context, attention is drawnto the relg¢vant
guiddnce established internationally, for example, IEC 62046 and 1SO 12100:

Due o the complexity of the technology, there are many issues that\are highly dependept on
analysis and expertise in specific test and measurement techniques. tn order to provide & high
level|of confidence, independent review by relevant expertise is;recommended.
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SAFETY OF MACHINERY —
ELECTRO-SENSITIVE PROTECTIVE EQUIPMENT —

Part 3: Particular requirements for active opto-electronic protective
devices responsive to diffuse reflection (AOPDDR)

1 Scope

This |part of IEC 61496 specifies additional requirements for the design, construction| and
testing of electro-sensitive protective equipment (ESPE) designed specifically“to detect
persons or parts of persons as part of a safety-related system, employing ‘dctive ppto-
electfonic protective devices responsive to diffuse reflection (AOPDDRs)for the sensing
functjon. Special attention is directed to requirements which ensure that”an appropriate
safety-related performance is achieved. An ESPE can include optiohal safety-refated
functjons, the requirements for which are given both in Annex A of/this document and in
Annex A of IEC 61496-1:2012.

This document does not specify the dimensions or configurations’of the detection zone and its
dispgsition in relation to hazardous parts for any particularcapplication, nor what constitutes a
hazafdous state of any machine. It is restricted to the famctioning of the ESPE and hpw it
interfaces with the machine.

AOPPDRSs are devices that have either

— ope or more detection zone(s) specified intwo dimensions (AOPDDR-2D), or
— ope or more detection zone(s) specified in three dimensions (AOPDDR-3D)

whergin radiation in the near infrared\range is emitted by an emitting element(s). Whep the
emitted radiation impinges on an object (for example, a person or part of a person), a pgrtion

of thle emitted radiation is reflectéd to a receiving element(s) by diffuse reflection.|This
refleg¢tion is used to determinethe position of the object.

Optotelectronic devices'\that perform only a single one-dimensional spot-like disfance
meagurement, for example, optical proximity switches, are not covered by this document.

This [document. sdoes not address those aspects required for complex classificatign or
diffefentiation-of the object detected.

This document does not address requirements and tests for outdoor application.

Excluded from this document are AOPDDRs employing radiation with the peak of wavelength
outside the range 820 nm to 950 nm, and those employing radiation other than that generated
by the AOPDDR itself. For sensing devices that employ radiation of wavelengths outside this
range, this document can be used as a guide. This document is relevant for AOPDDRs having
a minimum detectable object size in the range from 30 mm to 200 mm.

This document can be relevant to applications other than those for the protection of persons,
for example, for the protection of machinery or products from mechanical damage. In those
applications, different requirements can be appropriate, for example when the materials that
have to be recognized by the sensing function have different properties from those of persons
and their clothing.

This document does not deal with electromagnetic compatibility (EMC) emission requirements.
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2 Normative references

Clause 2 of IEC 61496-1:2012 applies, except as follows.

Addition:

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC TR 60721-4-5, Classification of environmental conditions — Part 4-5: Guidance fof the
correllation and transformation of environmental condition classes of IEC 60721<3,tq the
envirpnmental tests of IEC 60068 — Ground vehicle installations

IEC $0825-1:2014, Safety of laser products — Part 1: Equipment classification| and
requirements

IEC $1496-1:2012, Safety of machinery — Electro-sensitive protective’ equipment — Part 1:
Gengral requirements and tests

IEC 62471, Photobiological safety of lamps and lamp systems

ISO 13855:2010, Safety of machinery — Positioninglof safeguards with respect td the
approach speeds of parts of the human body

ISO 20471:2013, High-visibility clothing — Test methods and requirements

3 Terms and definitions

Clause 3 of IEC 61496-1:2012 applies, except as follows.

Replacement of 3.3 and 3.4:

3.3

dete¢tion capability

ability to detect the Specified test pieces (see 4.2.13) in the specified detection zone

Note 1 to entry: Allist of influences which can affect the AOPDDR detection capability is given in 4.2.12.1.

Note 4 to entty® Detection capability is often described by the minimum detectable object size and the [object
reflectivity.\The supplier can state more than one value as the minimum detectable object size, for example
depending on distances or mounting conditions. For an AOPPDR-2D the minimum detectable object size |is the
diameterof-the-eyhndrcattestpiece-

3.4

detection zone
zone within which the specified test piece(s) (see 4.2.13) is detected by the AOPDDR with a
minimum required probability of detection (see 4.2.12.2)

Note 1 to entry: A tolerance zone is necessary to achieve the required probability of detection of the specified test

piece(

s) within the detection zone.
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Addition:
3.301
active opto-electronic protective device responsive to diffuse reflection

AOPDDR
device, whose sensing function is performed by opto-electronic emitting and receiving
elements, that detects the diffuse reflection of optical radiations generated within the device
by an object present in a detection zone specified in two or three dimensions

2018

Note 1 to entry: A receiving element can be composed by optics/optic-arrays and a single sensor element(s) or a

sSenso

Note 3

3.302

AOP
AOP

Note 1
AOPD

Note 3
measy
devicq

planeg.

Note 3

3.309
AOP
AOP

Note ]
detect]
for ex

Note 2
mirror|
has m

Note J

3.304
basi
BTD
Radi
test 4

Note ]

r array(s).

to entry: This note applies to the French language only.

DDR-2D
DDR that has one or more detection zone(s) specified in two dimensions

to entry: For example, a third dimension is not greater than the minimum detectable object size, th
DR is regarded as 2D (see Figures 1 and 2).

to entry: A typical example of an AOPDDR-2D is a laser scanner that performs distance measurem

ring the time a pulse needs for travelling from the sensing device to~an-object and back to the s
. An AOPDDR-2D that has more than one detection zone may carry out.distance measurements in di

to entry: This note applies to the French language only.

DDR-3D
DDR that has one or more detection zone(s)\specified in three dimensions

to entry: For example, a third dimension "as specified by the supplier is greater than the mi
able object size, the AOPDDR is regarded a&§-8D (see Figures 1 and 2). The detection zone(s) can be
hmple as a volume in the shape of a pyramid or a cone.

to entry: Typical examples of AQGRDDR-3D are laser scanners with two perpendicular positioned n
5 or time-of-flight-cameras (TOF).that’perform distance measurement on several pixels. An AOPDDR-3
pre than one detection zone may_ carry out distance measurements in different volumes.

to entry: This note applies*to the French language only.

|
test distance

s, respeetively width and length (or equivalent values), of the detection zone use
et-up

te’entry: For dimension of BTD, see 5.1.1.2.

En the

ent by
Ensing
ferent

imum
set-up

oving
D that

d for

Note 2 to entry: This note applies to the French language only.

3.305
centre axis
line through the origin of distance measurement and the centre of the maximum detection

zone

stated by the supplier

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

3.306

corner axis
line through the origin of distance measurement and defined by the bounding line of the
detection zone

Note 1 to entry: See Figure 1 and Figure 2.
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3.307

minimum detection zone

lowest dimension of the detection zone which is necessary to ensure the integrity of the
detection capability

3.308
position accuracy
accuracy in two or three dimensions of the position of an object as measured by the AOPDDR

3.309

tolerance zone
TZ
zone| outside of and adjacent to the detection zone within which the specified test piege(s)
(see|4.2.13) is detected with a probability of detection lower than the required“probdbility
within the detection zone

Note 1 to entry: The tolerance zone is necessary to achieve the required probability of detection of the spgcified
test piece(s) within the detection zone

Note 7 to entry: For explanation of the concept of probability of detection and the tolerance zone, see Anne) BB.

Note 3 to entry: This note applies to the French language only.

3.31(
zonelwith limited detection capability
zone| between the optical window and the beginning of the detection zone, wherg the
detegtion capability is not achieved

Note 1 to entry: The dimensions and appropriate information:for use of the zone with limited detection capability
are prpvided by the supplier.

Addifion:

3.101 Abbreviated terms

AGV| automated guided vehicle
BTD| basic test distance

POD| probability of detection
TZ tolerance zone

4 FKunctional,design and environmental requirements

4.1 | Functienal requirements

4.1.3| dTypes of ESPE

Replacement:

In this document, only type 2 and type 3 ESPE are considered. The types differ in their
performance in the presence of faults and under influences from environmental conditions. It
is the responsibility of the machine supplier and/or the user to prescribe which type is suitable
for a particular application.

The type 2 ESPE shall fulfil the fault detection requirements of 4.2.2.3 of this document. In
normal operation, the output circuit of each of at least two output signal switching devices
(OSSDs) or of one output signal switching device (OSSD) and one secondary switching
device (SSD) of the type 2 ESPE shall go to the OFF-state when the sensing device is
actuated, or when the power is removed from the device.
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The type 3 ESPE shall fulfil the fault detection requirements of 4.2.2.4 of this document. In
normal operation, the output circuit of each of at least two output signal switching devices
(OSSDs) of the type 3 ESPE shall go to the OFF-state when the sensing device is actuated,
or when the power is removed from the device.

When a single safety-related data interface is used to perform the functions of the OSSD(s),
then the data interface and associated safety-related communication interface shall meet the
requirements of 4.2.4.4. In this case, a single safety-related data interface can substitute for
two OSSDs in a type 3 ESPE.

Addition:

4.1.6] Zone(s) with limited detection capability

In orfler to ensure no hazard can arise in a particular application due to the prnesence of one
or mgre zone(s) with limited detection capability between the optical window and the detgction
zonej its dimensions and appropriate information for use shall be provided by 'the supplier.

If thel zone with limited detection capability extends more than 50 mm.from the optical window
in dinection to the detection zone(s), then additional and effective technical measures shall be
applipd to prevent undetected presence of objects or persons or parts of persons in the [zone
with |imited detection capability.

4.2 | Design requirements
4.2.2| Fault detection requirements
4.2.22 Particular requirements for atype 1 ESPE

4.2.2(2 of IEC 61496-1:2012 does not apply

4.2.2.3 Particular requirements for atype 2 ESPE

Replacement:

A tyge 2 ESPE shall have a means of periodic test to reveal a failure to danger (for example
loss pf detection capability; response time exceeding that specified).

The fest shall be pefformed also at power-on of the ESPE before going to the ON-state apd at
each|reset.

Depgnding -on/the application, the periodic test may need to be performed more of'ﬁn to
achigve a~desired safety performance. Generic functional safety standards give requirements

how [often” periodic test have to be applied to fulfil the requirements for a certain safety
perf rmance

NOTE 1 The periodic test can be initiated by external or internal means.

When it is not possible to reveal a failure to danger by periodic tests other equivalent
measures shall be applied.

A single fault resulting in the loss of the stated AOPDDR detection capability or the increase
in response time beyond the specified time or preventing one or more of the OSSDs going to
the OFF-state shall result in a lock-out condition as a result of the next periodic test.

A single fault resulting in the deterioration of the stated AOPDDR detection capability shall
result in a lock-out condition at least as a result of the next periodic test. If periodic test cycle
is less than 5s then deterioration of the stated AOPDDR detection capability shall be
detected within 5 s.
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NOTE 2 Examples of deterioration of the AOPDDR detection capability include

the increase of the minimum detectable object size,
the increase in the minimum detectable reflectivity, and;

the decrease of position accuracy.

The occurrence of single faults shall be considered by analysis and/or test with each of the
following conditions and throughout the entire detection zone:

Whete the periodic test is intended to be initiated by an external (for example mac
safetly-related control system, the ESPE shall be provided with suitable input facilities
exanjple terminals).

The duration of the periodic test shall be such that the intended safety functien.s not imp
espetially if the ESPE is intended for use as a trip device.

If thg periodic test is automatically initiated, the correct functioning of-the periodic test
be monitored. In the event of a fault, the OSSD(s) shall be signalled\to go to the OFF-stg
one ¢r more OSSDs do(es) not go to the OFF-state, a lock-out cendition shall be initiated

An BSPE with only one OSSD shall have a minimum ‘of *‘one SSD (see Clause A
IEC 61496-1:2012).

4.2.2(4 Particular requirements for atype 3 ESPE

Replacement:

A single fault in the sensing device resulting in a complete loss of the stated AOP
detegtion capability shall cause the ESPE to go to a lock-out condition within the spe
respgnse time.

NOTE|1 For AOPDDR using rotating/mifrors for scanning the detection zone, this requirement can be fulfil
scann|ng on a defined reference objectlocated outside the detection zone and the tolerance zone.

A single fault resulting in a deterioration of the stated AOPDDR detection capability
causg the ESPE to go-to a lock-out condition within a time period of 5 s following
occufrence of that fault:

NOTE|2 Exampléstof deterioration of the AOPDDR detection capability include

A

environmental conditions specified in 4.3;
at the limits of alignment and/or adjustment.

thle increase.of the minimum detectable object size,
thle increase in the minimum detectable reflectivity, and
thle'decrease of position accuracy.

hine)
(for

aired,

shall
te. If

4 of

DDR
cified

ed by

shall
) the

single fault resulting in an increase in response time beyond the specified value or

preventing at least one OSSD going to the OFF-state shall cause the ESPE to go to a lock-out
condition within the response time, or immediately upon any of the following demand events
where fault detection requires a change in state:

on actuation of the sensing function;
on switch off/on;

on reset of the start interlock or the restart interlock, if available (see Clauses A.5 and A.6

of IEC 61496-1:2012);
on the application of an external test signal, if available.
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external test signal can be required if, for example, in a particular application, the

frequency of actuation of the sensing function is foreseeably low and the OSSDs are
monitored only at the change of state.

Inc
the
this

ases where a single fault which in itself does not cause a failure to danger is not detected,
occurrence of one additional fault shall not cause a failure to danger. For verification of
requirement, see 5.3.4.

The occurrence of single faults shall be considered by analysis and/or test with each of the
following conditions and throughout the entire detection zone:

epvironmental conditions specified in 4.3;
at the limits of alignment and/or adjustment.

4.2.2l5 Particular requirements for atype 4 ESPE

4.2.215 of IEC 61496-1:2012 does not apply.

Addition:

4.2.12 Integrity of the AOPDDR detection capability

4.2.1p.1 General

The ¢lesign of the AOPDDR shall ensure that the detec¢tion capability is not decreased Qelow
the I|mits specified by the supplier and in this docuyment by any of, but not limited tog, the
following:

a) reflectivity of objects in the range defined forthe test pieces to be detected,;

b) the position, size and number of objectstwithin the detection zone;

c)
d)

NOT

the size of detection zones;

to-adjustment, for example the following:
gain control;

sample rate;

shutter time;

optical characteristics;

Foperties/limitations of the emitting/receiving element, optics and signal processing, for
kample the following:

signal npise;
dyhamic range;

W N P DT b W N P

Sehsitivity and uniformity (e.g. cold and hot pixels);

4) micro lenses;

5) change of characteristics;

calibration of the sensing device;

accuracy of object position in image(s);

at the limits of alignment and/or adjustment;

environmental conditions specified in 4.3;

component tolerances;

changing of characteristics of internal and external references to ensure the detection
capability.

E 1 Under certain circumstances, limitations of the sensor in relation to its use need to be considered. For

example,
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— objects that generate mirror-like (specular) reflections cannot be detected if the portion of diffuse reflectivity is
less than that specified for the "black" test piece;

— the determination of the minimum reflectivity for the detection of obstacles is based on the clothing of a person;
it is possible that objects having a reflectivity lower than that considered in this document are not detected.

NOTE 2 The technique of scanning on a reference object can satisfy the requirement in respect of ageing of
components. Other techniques giving the same level of assurance can be used.

4.2.12.2 Detection zone(s) and tolerance zone(s)

The supplier shall specify the tolerance zone(s).

The | ; ;
noisg ratio S/N and standard deviation o considering all influences listed in this documenf and
any additional influences specified by the supplier (environmental influence, companent faults,
multitpath reflections etc.).

The [supplier shall specify the relevant parameters of the detection_zane(s), incliiding
operating distance and scanning angle or field of view. The geometry and/or frequency |shall
be sufficient to ensure that a test piece with a diameter of the specified’minimum detectable
objedt size is detected at the maximum operating distance. The supplier shall define values in
the rfinge of 30 mm to 200 mm as the minimum detectable object-size of the AOPDDR| The
minimum detectable object size may be distance dependent.

The f[estriction of the minimum detectable object size to the range of 30 mm to 200 mm is
basefd on current applications. Additional requiremenris can be necessary for AOPDDRs
havirjg detection capabilities outside this range.

NOTE| 1 For an AOPDDR-2D the detection capability canybe determined by the optical geometry so that one
complpte beam will impinge on the specified test pieces.in‘the maximum distance of detection zone and tolgrance
zone for a special design. In this case, the distance between the centre of two adjacent emitter beams (excgpt the
first apd the last one) will not exceed half the diameter. of the test pieces. For other designs, it can be more dfficult
to carfy out the verification according to 5.2.1.2.and 5.2.11, especially when movement of objects is takgn into
accouft.

All ppints on a path projected fref any point on the border of the detection zone t¢ the
receiving element(s) of the AORDDR shall be within the detection zone or the zone| with
limitdd detection capability (see'4.1.6).

The folerance zone depends on systematic influences, measurement faults, resolution qf the
meagurement values,(etc. and is necessary to ensure the required detection probability Within
the detection zone. Figures 1 and 2 show examples of tolerance zones.

The fest pieces (see 4.2.13) shall be detected with a minimum probability of detectipn of
1 — P,9 x10=7 throughout the detection zone(s). To achieve this minimum probability of
deteg¢tion, the tolerance zone is added to the detection zone (see Figure BB.2). Even if a
meagured distance value of a test piece falls into the tolerance zone, this test piece wjll be
determitredasdetectedand-the- ©SSDsshattgoto the OFF=state orremaininthe OFF=state.

NOTE 2 The tolerance zone is not included in the detection zone.

NOTE 3 Probability of detection as used in this document is not related to the probability of faults.

Special attention may be required when the detection zone of AOPDDR is made up by more
than one emitting and/or receiving unit to ensure that the AOPDDR detection capability is not
affected between the fields of view of these units.

When a test piece is placed on the boundary between the detection zone and the tolerance
zone (i.e. on the border of the detection zone) the measured distance values of this test piece
shall be the median point of the distribution of measurement values determined using a test
piece with a reflectivity of any value from that of the "black" test piece to that of the "white"
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test piece. The supplier shall document the reflectivity of the test piece and the calculations
used.

The value for the position accuracy and the tolerance zone is not necessarily a constant. It
can, for example, be a function of the measurement distance. It can be necessary to take into
account that the size of parts of the tolerance zone can be related for example to the diameter
of the test piece and the beam position. The dimensions of the tolerance zone in the three
axes can be different.

NOTE 4 |If the AOPDDR has a facility to automatically set its detection zone(s), the ranging error of the set values
is taken into account when determining the tolerance zone (see Clause A.11).

NOTE|5 Annex BB gives additional information about the relationship between position accuracy and probability
of detg¢ction.

IEC
Key

1 AOCPBBR=2D

2 AOPDDR-2D coordinate system

3 zone with limited detection capability (detection is not ensured)

4 detection zone within which the specified test piece(s) is detected by the AOPDDR with a minimum required

probability of detection

tolerance zone (detection is not ensured)

maximum detection zone (e. g. maximum operating distance and scanning angle)
maximum operating distance

reference plane, for example floor

origin of distance measurement

10 centre axis

11 corner axis

© 0o N o g

Figure 1 — Detection zone of an AOPDDR-2D
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AQPDDR-3D O

AQPDDR-3D c@ate system
zohe with Iir@ detection capability (detection is not ensured)

de ecti@e within which the specified test piece(s) is detected by the AOPDDR with a minimum refjuired
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Figure 2 — Detection zone of an AOPDDR-3D
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4.2.12.3 Influences on detection
4.2.12.3.1 General

Objects at the limits of the detection capability that are either stationary or moving within the
detection zone at any speed up to 1,6 m/s shall be detected by the ESPE within the specified
response time. The response time shall be determined by the supplier taking into account
worst-case conditions and the movement of objects. Where the supplier states that an
AOPDDR can be used to detect objects moving at speeds greater than 1,6 m/s, the
requirements shall be met at any speed up to and including the stated maximum speed(s).

NOTE—An-example-forthe-calculation-of-the-response-time-is-giveain-Clause-AAS

4.2.1p.3.2 AOPDDR used as a trip device with orthogonal approach ~20Q mm
minimum detectable object size)

When using an AOPDDR as a trip device with 200 mm minimum detectable(object sizqg, the
height of the detection zone above the reference plane, for example the_ floer, shall in¢lude
the range between 300 mm and 1 400 mm. Figure 3 shows an example.

NOTE|1 Aspects of reaching over are dealt with in ISO 13855.

IEC
Key
AQPDDR

tolerance zohe

w NP

defeétion zone

[

distance between reference plane, for example floor, and detection zone Tower border with a < 300 mm

b distance between reference plane, for example floor, and detection zone upper border with b > 1 400 mm

Figure 3 — AOPDDR used as a trip device with orthogonal
approach (200 mm minimum detectable object size)

The sensing device shall be actuated and the OSSDs shall go to the OFF-state when a
cylindrical test piece with a diameter of 200 mm and a length of 200 mm in accordance with
4.2.13 is moving through the detection zone such that the direction of movement and the axis
of the test piece are orthogonal to the detection zone at a speed of 1,6 m/s.

Where the supplier states that an AOPDDR can be used to detect objects moving at speeds
greater than 1,6 m/s, this requirement shall be met at the stated maximum speed. Where the
supplier states a minimum detectable object size smaller than 200 mm for the use of an
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AOPDDR as a trip device with orthogonal approach, this value shall be used as the diameter
of the cylindrical test piece.

When the OSSD(s) go to the OFF-state, they shall remain in the OFF-state while the test
piece is present in the detection zone.

NOTE 2 The purpose of this requirement is to ensure that the OSSDs go to the OFF-state when a person passes
through the detection zone.

4.2.12.3.3 AOPDDR used as a trip device with orthogonal approach (150 mm
minimum detectable object size)

When using an AOPDDR as a trip device with 150 mm minimum detectable object siz¢ the
height of the detection zone above the reference plane, for example the floor, shall in¢lude
the range between 300 mm and 1 100 mm. Figure 4 shows an example.

NOTE|1 Aspects of reaching over are dealt with in ISO 13855.

IEC
Key
AQPDDR

tolerance zone

w NP

defection zoné
d

[

qtance between reference plane, for example floor, and detection zone lower border with a < 300 mm

o
=2

iqgtapce.between reference plane, for example floor, and detection zone upper border with b = 1 100 mm

Frgure4—AOPBbBRusedasatripdevicewithorthogont
approach (150 mm minimum detectable object size)

The sensing device shall be actuated and the OSSDs shall go to the OFF-state when a
cylindrical test piece with a diameter of 150 mm and a length of 150 mm in accordance with
4.2.13 is moving through the detection zone such that the direction of movement and the axis
of the test piece are orthogonal to the detection zone at a speed of 1,6 m/s.

Where the supplier states that an AOPDDR can be used to detect objects moving at speeds
greater than 1,6 m/s, this requirement shall be met at the stated maximum speed. Where the
supplier states a minimum detectable object size smaller than 150 mm for the use of an
AOPDDR as a trip device with orthogonal approach, this value shall be used as the diameter
of the cylindrical test piece.
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When the OSSD(s) go to the OFF-state, they shall remain in the OFF-state while the test
piece is present in the detection zone.

NOTE 2 The purpose of this requirement is to ensure that the OSSDs go to the OFF-state when a lower limb of a
person passes through the detection zone.

4.2.12.4 Minimum detection zone

The supplier shall specify the minimum detection zone(s). The supplier shall take into account
the conditions as described in 4.2.12.3.1.

4.2.13 Tact niccac faor tuna tactin
L. HeStpreceS—+o+—t ettt

<
©

4.2.13.1 General

The fest pieces are part of the AOPDDR and shall therefore be provided by the“supplig¢r for
use |in the type tests of Clause 5. They shall be marked with a type\ reference| and
identjfication of the AOPDDR with which they are intended to be used.

For AOPDDR-2D, the test pieces shall be a cylinder with a diameter“equal to the minimum
detegtable object size and a minimum effective length of 0,2 m except the dimensions which
are defined in 4.2.12.3.2 and 4.2.12.3.3. Other diameters within the range of 30 mm tq 200
mm may be required for testing depending on the minimum \detectable object size of the
AOPDPDR-2D.

NOTE[1 The minimum effective length of the test pieces has been.selected for ease of use.

For AOPDDR-3D, the test pieces shall be cylindersas defined for AOPDDR-2D or shall|be a
conidal test piece — see a) — and a cylindrical test'piece — see b) and c).

a) Qonical test piece: The test piece shall be\a truncated cone if the AOPDDR-3D is intenhded
td be used for hand detection. The test piece does start with a diameter of 20 mm
creasing up to 40 mm over a length,of 160 mm.

The test piece shall be a truncated cone in combination with a cylinder if the AOPDDR-3D
i intended to be used for arm“detection. The test piece starts with a diameter of 40 mm
iNcreasing up to 55 mm as@-cone over a length of 180 mm and continues as a cyljnder
wfith a diameter of 55 mmito'an overall length of 440 mm.

The test piece shall he a truncated cone if the AOPDDR-3D is intended to be used fqr leg
detection. The test-piece starts with a diameter of 50 mm increasing up to 117 mm oper a
Igngth of 1 000 pTm-

Iff the AOPDBR-3D is intended to be used for detection of different parts of a body, the
selection of<the most appropriate test pieces shall be dependent on the analysis df the
design and/intended application. In some cases, all test pieces can be required.

b) Qylindrical test piece: If the AOPDDR-3D is intended to be used for lower limb dete¢tion,
P||en the test piece shall be a cylinder with a diameter of 150 mm and a length of 150 mm.

—

c) Cylindrical test piece: If the AOPDDR-3D is intended to be used for whole body detection,
then the test piece shall be a cylinder with a diameter of 200 mm and a length of 200 mm.

NOTE 2 A cylindrical test piece with a diameter of 200 mm is intended to represent the thickness of a body.
4.2.13.2 Black test piece

The surface of the test piece shall have a coefficient of diffuse reflection in the range of 1,6 %
to 2,0 % including measurement accuracy, at the emitted wavelength under normal conditions.
This value shall be verified by measurement. Where this reflectivity is used for calculation, the
nominal value of 1,8 % shall be used.

Figure 5 shows the results of an investigation to determine the reflectivity of the black test
piece (performed by Institut fir Arbeitsschutz (IFA), 53757 Sankt Augustin, Germany).
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ted material differs from\the direction of the incident light.

Figure 5 — Minimum diffuse reflectivity of materials

3.3 Whitetést piece

burface-of the test piece shall have a coefficient of diffuse reflection in the range of
%,at the emitted wavelength.

IEC

nd an
bspect
ion of

80 %

4.2.1

3.4 Retro-reflective test piece

The surface of the test piece shall be of retro-reflecting material. The material shall comply
with the requirements for separate performance retro-reflective material of ISO 20471.

NOTE Table 4 of 1ISO 20471:2013 defines the minimum coefficient of retro-reflection for separate performance
retro-reflective material as 330 cd - Ix™! - m~2 with an entrance angle of 5° and an observation angle of 0,2° (12').

4.2.14 Wavelength

AOPDDRSs shall operate at a peak wavelength in the range of 820 nm to 950 nm.

NOTE This range of wavelengths is based on the present availability of components together with research which
shows it to be suitable for materials used as clothing.
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5 Radiation intensity

2018

If the emitting element(s) uses LED technology, the radiation intensity generated and emitted
by the AOPDDR shall meet the requirements of exempt group in accordance to IEC 62471.

NOTE

Exempt group is equal to risk group zero (IEC 62471:2006).

If the emitting element(s) uses laser technology, the radiation intensity generated and emitted
by the AOPDDR shall not exceed the maximum power or energy levels for a class 1M laser in
accordance with IEC 60825-1 (even in the presence of a component failure). The marking as
a class 1 or class 1M laser shall be carried out as required in 5.2 of IEC 60825-1:2014.

4.2.1

Whe

6 Mechanical construction

h the detection capability can be decreased below the limit stated by the supplier,

result of a change of position of components, the fixing of those components:shall no

solel

NOTE

on friction.

The use of oblong mounting holes without additional means could lead for example to a change

positign of the detection zone under mechanical influence such as shock.

4.3

Environmental requirements

4.3 of IEC 61496-1:2012 applies, except as follows.

Addition:

NOTE|
vehicl

4.3.1]

4.3.1

It is possible that these requirements do not fulfil the needs of certain applications (for example: U
ps, including automatic guided vehicles (AGVs), forklifts,*mobile machinery, etc.).

Ambient air temperature range anddhumidity

of IEC 61496-1:2012 applies, exceptas follows.

Addifion:

The
humi

This

ESPE shall not fail tordanger when subjected to a rapid change of temperature
ity leading to condensation on the optical window.

Fequirement is yetified by the condensing test of 5.4.2.

4.3.3] Mechanical environment

4.3.31 Vibration

Repl

as a
rely

of the

se on

and

heement:

The ESPE shall pass the vibration tests of 5.4.4.1.

Replacement, including the title of 4.3.3.2 of IEC 61496-1:2012:

4.3.3.2 Shock

The ESPE shall pass the shock tests of 5.4.4.2.

Addition:
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4.3.3.3 Change of temperature

The ESPE shall be free of damage, including displacement and/or cracks of the optical
window, after the tests of 5.4.4.3 and it shall be capable of continuing in normal operation.

4.3.3.4 Impact resistance
4.3.3.4.1 Normal operation

The ESPE shall be free of damage, including displacement and/or cracks of the optical
window, after the tests of 5.4.4.4.2 and it shall be capable of continuing in normal operation.

4.3.34.2 Fail to danger

The ESPE shall not fail to danger after the tests of 5.4.4.4.3.

4.3.4 Enclosures

4.3.4 of IEC 61496-1:2012 applies, except as follows.
Addition:
Means shall be provided for the secure fixing of the enclosure(s).

Enclgsures of the AOPDDR containing optical components shall provide a degrge of
protection of at least IP65 (see IEC 60529) when moeunted as specified by the supplier.

Addifion:

4.3.5 Light interference on AOPDDR receiving elements and other optical
components

The ESPE shall continue in normal Operation when subjected to the following:

incandescent light;

|
==

orescent light operated-with high-frequency electronic power supply;

|
-
Q)

i diation from an_AOPDDR of identical design if no mounting restrictions related to
ppssible interference are given by the supplier of the AOPDDR.

The ESPE shall not fail to danger when subjected to the following:

— hjgh-intensity incandescent light;

|
—

Ilborescent light operated with its rated power supply and with a high-frequency electronic
ppwer supply; t|

— radiation from an AOPDDR of identical design;
— flashing beacon;
— collimated laser beam;

These requirements are verified by the tests of 5.2.1.2 and 5.4.6.

4.3.6 Pollution interference

The supplier shall specify the maximum level of homogeneous pollution in percentage of
transmission which will not result in a decrease of the stated detection capability.

The AOPDDR shall continue in normal operation when the received signal energy of the
detection system itself is attenuated by up to 30 % by homogeneous pollution.
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Pollution between the emitting and/or receiving element(s) and the beginning of the detection
zone(s) (including optical components) of the AOPDDR resulting in a loss of the stated
detection capability shall cause the OSSDs to go to the OFF-state.

These requirements are verified by the tests of 5.4.7.

NOTE It is possible that the tests listed in 5.4.7 do not cover all possible forms of pollution, for example, oil,
grease and process materials.

Any pollution monitoring means for detecting a loss of the stated detection capability shall
comply with all the relevant requirements of this document.

4.3.7| Interference by surrounding objects
4.3.7.1 Background interference

The [stated tolerance zone shall not be increased by background interference. |This
requirement is verified by the tests of 5.4.8.1.

NOTE|1 The supplier can specify the AOPDDR for a maximum reflectivity that is monitored by the AOPDDR itself
and which leads to the OFF-state of the OSSDs if the specified maximum reflectivity is exceeded. Backdround
interfgrence by materials with higher reflectivity can thereby be excluded.

NOTE|2 Backgrounds that can interfere with the measurement results inClide corner cube reflectors, tiles,[sheet
metal | white paper, etc.

NOTE| 3 Retro-reflectors are considered as a background within“\the tests of detection capability and p@sition
accuracy (see 5.4.8.1). If retro-reflectors in the background lead to measurement faults, it can be possible in
specif|c applications to use other measures instead of an addition to the tolerance zone.

4.3.7.2 Multi-path reflections

The gtated tolerance zone shall not be incr&ased by multi-path reflections. This requirement is
verified by the tests of 5.4.8.2.

4.3.8f Manual interference

It shpll not be possible to reduce the stated detection capability by covering the optical
windpw of the housing of the*AOPDDR or other parts (if applicable) or by placing ofjects
within a zone with limited detection capability (see 4.1.6). In such cases, the OSSDs shall go
to th¢ OFF-state withinfatime period of 5 s and the OSSDs shall remain in the OFF-state| until
the manual interference’is removed.

AOPDDR for use-as trip device with orthogonal approach shall be designed such thaJt the
OSSDPs shalllgo to the OFF-state within the stated response time when manual interfefqence
leadipng tosa“reduction of the stated detection capability is performed and the OSSDs [shall
remalin inthe OFF-state until the manual interference is removed.

These requirements are verified by the tests of 5.4.9.

4.3.9 Optical occlusion in the detection zone (eclipsed by small object)

The AOPDDR detection capability shall be maintained when small objects are present in the
detection zone. This shall be verified by analysis and by a test according to 5.4.10. The
analysis shall include examination of any software filtering algorithms provided.

NOTE Software filtering algorithms can be provided to disregard small objects, for example, to increase reliability
of operation.

4.3.10 Drift or ageing of components

For a type 2 ESPE, drift or ageing of components that would reduce the detection capability
below the value stated shall not cause a failure to danger of the ESPE and shall be detected
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at least at the next periodic test and shall lead to an OFF-state. If periodic test cycle is less
than 5 s then drift or ageing of components shall be detected within 5 s.

For a type 3 ESPE, drift or ageing of components that would reduce the detection capability
below the value stated shall not cause a failure to danger of the ESPE and shall be detected
within a time period of 5 s and shall lead to an OFF-state.

If a reference object is used for monitoring ageing and drift of components, variations in its
properties (for example reflectivity) shall not cause a failure to danger of the ESPE. If a
reference object is used to monitor ageing and drift of components, it shall be considered to
be part of the AOPDDR and shall be provided by the supplier of the AOPDDR.

5 Testing
This plause of part 1 is applicable except as follows:
5.1 | General

5.1.112 Operating condition

5.1.1}2 of IEC 61496-1:2012 applies, except as follows.
Addition:

As alresult of the analysis of the design and the integrity of the detection capability df the
AOPDDR, a test plan shall be established considering the test conditions and paramjeters
outlined in this document. In the following tests,*it-shall be verified that when the OSSDs go to
the QFF-state, they remain in the OFF-state while the test piece is present in the detgction
zone

The minimum test conditions shall -be as specified in this document or by the supplier,
whichever is more stringent.

Testg can be omitted if an apalySis can demonstrate that

imited intended use_in_application justifies omission of test (e.g. only top mounting), and

— alless stringent _test is replaced by a more stringent test (e.g. test of equal detgction
hpability at minimum working range versus maximum working range).

(<]

The analysis shall be documented in the test plan.

Unless otherwise stated in this document, and if the facility is provided to set the detgction
zone| thierzone used for the tests shall be set up as follows:

— radius, respectively width and length (or equivalent values), of the detection zone of 1,0 m,
called basic test distance (BTD);

— add the value of the specified tolerance zone.

NOTE For example, a detection zone of 1,0 m and a tolerance zone of 0,2 m results in a zone used for the tests
of 1,2 m.

For an AOPDDR with a stated maximum detection distance of less than 1,0 m, this maximum
distance shall be used as BTD. For an AOPDDR with a stated minimum detection distance of
greater than 1,0 m, this minimum distance shall be used as BTD.

For an AOPDDR without the facility to set the detection zone, the fixed detection zone shall
be used for all tests.
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All tests shall be performed with the test piece axis orthogonal to the detection zone for an
AOPDDR-2D. For an AOPDDR-3D, all tests shall be performed with the test piece axis
orthogonal to the centre axis or corner axis. Tests at other orientations of the test piece may
be required depending on analysis of the design and worst-case considerations.

5.1.2.2 Measurement accuracy

5.1.2.2 of IEC 61496-1:2012 applies, except as follows.

Addition to first paragraph:

5.2.11 Sensing function

fdrprecision of distance/position measurements: 10 % of the stafed position accuracy]

—

qr light intensity measurement: £10 %.

Functional tests

cement:

The $ensing function and the integrity of the detection capability shall be tested as specjfied,

c)

d)

he systematic analysis required in 5.2.1.2.1.

he tests shall verify that the specified test pieces are detected when the test piece is
ejther static or moving into or within the configured detection zone at any speed |from
Olm/s to 1,6 m/s. Where the supplier states that objects can be detected moving at hjgher
speeds, the requirements shall be met at(all speeds up to the stated maximum speeds.

NPTE 1 The AOPDDR can detect a testpiece moving at any speed from 0 m/s to 1,6 m/s only when it
rgmains inside the configured detection zone“for at least the minimum response time and other influenges on
minimum detection zone (see 4.2.12.4). The detection zone can be adjusted to the minimum detection
zgne for testing.

he tests shall verify that.the specified test pieces are detected when the test piece is

placed inside the detectign zone(s) by half of the minimum detectable object sizp for
AOPDDR-2D and placed inside the detection zone(s) as far as the minimum detectable
opject size for AOPBDDR-3D (see for example Figure 6).

Z

DTE 2 The different test piece positions for AOPDDR-2D and AOPDDR-3D are due to the following:

—| backwards.‘cempatibility to IEC 61496-3:2008 for AOPDDR-2D; because of the values of half pf the
detection‘capability, the effect in practice is negligible in most cases;

AOPDDR=3D can usually detect a test piece with the required probability of detection only when tHe test
pieCenis completely inside the detection zone.

Tlhe<tests shall verify the dimension(s) of the tolerance zone (i.e. the position accuracy)
stated by the supplier-

The number, selection and conditions of the individual tests shall be such as to verify the
requirements of 4.2.12.1.
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Dimensions in millimetres

AOPDDR-2D: Side view
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5 test piece “cylinder” placed inside a detection zone by half of the minimum detectable object size for

AOPDDR-2D

AOPDDR-3D

detection zone

tolerance zone (detection is not ensured)

test piece “truncated cone in combination with cylinder” placed inside a detection zone as far as the minimum

detectable object size (d = 40 mm in this example) for AOPDDR-3D

10 test piece “truncated cone in combination with cylinder” placed inside a detection zone as far as the minimum
detectable object size (d = 55 mm in this example) for AOPDDR-3D

11 test piece “truncated cone in combination with cylinder”
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Figure 6 — Test piece intrusion into the detection zone for test
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It shall be verified that the sensing device is continuously actuated and, where appropriate,
that the OSSD(s) go to the OFF-state as described in the tests below, taking into account the
operating principle of the AOPDDR and, in particular, the techniques used to provide
tolerance to environmental interference.

Table 1 shows an overview of the minimum tests required for the verification of detection

capabi

lity requirements.

For AOPDDR-3D the tests according to 5.2.1.2 and 5.2.10 listed in Table 1 shall be carried in
a minimum of two different distance sets:

— djstance values according to Table 1 through the centre;
— d|stance values according to Table 1 along the corner.
All other tests listed in Table 1 shall be carried out through the centre for AOPDDR*3D.
If a distance between the origin of distance measurement at the AOPDDR>-and the test piece
giver] in Table 1 is not possible, for example when BTD is less than 0(5'm, then the related
tests|can be omitted.
Table 1 — Minimum tests required for the verification
of detection capability requirements (seefalso 4.2.12.1)
Sub Test Conditions Distance between origin of distance
clausle measutement (see also Figure 1 and Figure 2) at
theyAOPDDR and test piece axis for AOPDDR-2D,
respectively test piece rear side for AOPDDR-3D
Minimum | Minimum [0,5m | BTD | Every [ Max.
possible | possible 1,0 m | range
dis¥ance distance
9 +0,1m
f.g
5.2.1)2 | Detection capability and | Black test\piece X X X X X X
5.2.1p | position accuracy with (see 4(2y13.2)
black test piece
5.2.1§2 | Detection capability and |\White test piece X X X X X X
5.2.1p | position accuracy with (see 4.2.13.3)
white test piece
5.2.1J2 | Detection capability and | Retro-reflective test X X X X X X
5.2.1p | position accuracy with piece (see 4.2.13.4)
retro-reflective-test piece
5.2.113 | Endurancetest Typically with black X
test piece (see
4.2.13.2)
5.3 Ageing of components a X
5.3 Undetected faults of a X
components
5.4.2 | Ambient temperature X
variation and humidity
5.4.2 | Ambient temperature 50 °C or maximum P X
variation
5.4.2 | Ambient temperature 0° or minimum, non- X
variation condensing ¢
5.4.2 | Condensing test X
5.4.3.1 | Supply voltage variations | Black test piece X
5.4.3.2 [ and supply voltage (see 4.2.13.2)

interruptions
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Sub- Test Conditions Distance between origin of distance
clause measurement (see also Figure 1 and Figure 2) at
the AOPDDR and test piece axis for AOPDDR-2D,
respectively test piece rear side for AOPDDR-3D
Minimum | Minimum |[0,5m [ BTD | Every | Max.
possible possible 1,0 m | range
dis¥ance distance
'9 +0,1m
f.g
5.4.3.3 | Electrical disturbances X
to except supply voltage
5.4.3.7 | variations and supply
voltage-terraptons
5.4.441 | Vibration and shock X
5.4.412
5.4.4]3 | Change of temperature X
5.4.44 | Hammer tests X
5.4.4 Light interference See Table 2
Black test piece
(see 4.2.13.2)
5.4.7 Pollution interference Typically with black X
test piece (see
4.2.13.2)2
5.4.8]1 [ Background interference |Worst-case distance
between "black" test
piece and back-
ground according to
the design ¢
Background
reflectivity:
a) corner cube X
reflector ©
b) from 158 % to 5 %
c) otherrelevant
reflectivities
between a) and b)
5.4.8J2 | Multi-path reflection 5.4.8.2 applies
interference
5.4.4 Manual interference 5.4.9 applies X
Black test piece
(see 4.2.13.2)
5.4.1p | Optical gCclusion 5.4.10 applies X
Black test piece
(see 4.2.13.2)
a8 Effects(ofjageing of components, undetected faults of components and pollution on the surface of the optigal
wipdow of the housing should be addressed within the endurance test, otherwise additional tests may be
necessary

The background shall be arranged as indicated in Figure 16.
See also 4.3.7.1, Note 1 and 5.4.8.1.

AOPDDR in test chamber — open test chamber — start test within 1 min.

AOPDDR in test chamber — open test chamber — test without condensation.

The test piece shall be placed as close as possible to the origin of distance measurement.

For the black test piece the dimension of the zone with limited detection capability shall be added.
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5.2.1.2 Integrity of the detection capability
5.2.1.2.1 General

It shall be verified that the stated AOPDDR detection capability is maintained or the ESPE
does not fail to danger, by systematic analysis of the design of the AOPDDR, using testing
where appropriate and/or required, taking into account the conditions specified in 4.2.12.1
and the faults specified in 5.3.3, respectively 5.3.4. The results of this systematic analysis
shall identify which tests in Clause 5 require, in addition, a measurement of the response time.

NOTE 1 For details of fault combinations see 5.3.

The fonditions and the number of measurements required to determine the integrity\of the
detegtion capability shall take into account the objectives of 5.2.1.1. As a minimum,.the sleries
of measurements listed in Table 1 and Table 2 shall be carried out at each positionnecegsary
to vqrify the integrity of detection capability within the detection zone. For AOPDDRs| with
morel than one emitting and/or receiving element, it may be necessafy) to carry out
meagurements for each element. When measurement values are required/for verification,
each|test result shall be based on a minimum of 1 000 single measurements at each position
of the test piece.

The lise of special tools supplied by the supplier can be necessary to perform certain jtests
involying the recording and analysis of measurement values.

The fest arrangement used for the tests of 5.2.1.2.2 and,5'2.1.2.3 shall be compatible with the
characteristic of the AOPDDR under test. The light intérference tests shall be carried dqut at
least| with the "black” test piece (see 4.2.13.2) at(the€ BTD between the origin of disfance
meagurement and test piece and the maximum operating distance — see also 5.2.1.1 d)| The
test §equence for the light interference tests shall-be as follows:

— the test piece shall be placed at the reguired distance before the test starts whicl, for
tgsts according to Figure 8, is the border of the detection zone;

|
—_

He start or restart interlock shall not be operational whilst the tests according to Figlre 8
afe performed,;

— AOPDDR shall be in normal-operation and OSSDs in the OFF-state whilst the [tests
agcording to Figure 8 are-performed,;

—

Re interfering light squrce shall then be switched on;

—

Re test shall be continued for a time period of 3 min.

Due to the inherent design of the AOPDDR, for example, the opto-mechanical constructipn, it
can e necessapyto carry out an extra series of measurements at additional distances.

NOTE| 2 Diaghosis and configuration tools (for example, software) belonging to the AOPDDR can be usgd for
these Imeasurements.

5.2.17Z7Z Influence of incandescent light

The influence of incandescent light on the integrity of the detection capability shall be tested
using the configuration shown in Figures 7 or 8 at the BTD between origin of distance
measurement and test piece and the maximum operating distance — see also 5.2.1.1 d).
When testing according to Figure 7, measurement values are required to verify the integrity of
the detection capability. When testing according to Figure 8, the ESPE shall stay in the OFF-
state during the test sequence.

The measurement of the light intensity shall be carried out at the optical window of the
AOPDDR when testing with an operating distance of 1,0 m. When testing at the maximum
operating distance, the measurement of the light intensity shall be carried out in the detection
zone at a distance of 1,0 m from the test piece towards the AOPDDR. The interfering light
shall be directed along the optical axis of one or more receiving element(s). The test for the
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influence of incandescent light on the integrity of the detection capability shall be performed

as fo

-7

llows:

he light shall be directed along the centre axis of an AOPDDR.

— The light intensity shall be as close as possible to a maximum value of 3 000 Ix consistent
with the AOPDDR remaining in normal operation.

— If the highest level of direct illumination with which the AOPDDR remains in normal
operation is below 1 500 Ix, an additional test shall be carried out with light being reflected
to the AOPDDR by an object measuring 0,5 m x 0,5 m and having a diffuse reflective
surface. The object shall be located outside the detection zone and the tolerance zone.

T

m

p
0

NOTE
capab
scann

Key
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ce
teq
lig
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o o0~ WN P

q

NOTE|

e coefficient of diffuse reflection of the object used for this test shall be greater tha

il the range of wavelengths used by the AOPDDR and in the range used._fo
easurement of intensity. The light intensity for this additional test shall be as\clos
bssible to a maximum value of 3 000 Ix consistent with the AOPDDR remaining.ih nd

Deration.

ng the test piece immediately after the interfering light source.

Side view Top view

The relative position of the interfering light source, the test piece and the AOPDDR _can,affect the det
lity. For example, loss of detection capability due to the existence of a recovery tinte can be revealed

e

80 %
the
as

rmal

lection
when

4—@—>

PDDR

htre axis

t piece

ht source

tance between origin of distance measurement and test piece for AOPDDR-2D

tancé between origin of distance measurement and test piece for AOPDDR-3D

kidure 7 shows a possible configuration for a test according to 5.2.1.2.2.

Figure 7 — Influence on detection capability by incandescent light — Example 1

IEC
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Side view Top view

2018

PDDR

htre axis

t piece at position for AOPDDR-3D

ht source

tance between origin of distance measurement and test\piece for AOPDDR-3D
ection zone

Erance zone in relation to light interference

ner axis

OPDDR-2D the set-up has to he adapted accordingly, see 5.2.1.1 c).

Figure 8 shows a possible configuration for a test according to 5.2.1.2.2.

Figure 8 — Influence.on’detection capability by incandescent light — Example 2

.2.3 Influence eflincandescent light reflected by the background

nfluence omthe integrity of the detection capability by incandescent light reflected b
ground shall be tested using the configuration shown in Figure 9 at the BTD bet
of distance measurement and test piece and the maximum operating distance -
5.2.4.1d). The test shall be performed with the incandescent light source of 5.4.4.

the
level

aximum |ntenS|ty IeveI at which the AOPDDR remains in normal operatlon ThIS inte

IEC

y the
veen
see
2 at
nsity

above

3 000 Ix the test level shaII be 3 000 Ix The measurement of the mtensny of reflected light

shall

be carried out in the detection zone on the position of the test piece.

Both tests on the influence of incandescent light on the integrity of the detection capability

shall

be performed under the following conditions:

— the light shall be generated by the incandescent light source as described in 5.4.6.2;

— the light source shall be located outside the detection zone and the tolerance zone.
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Side view Top view

IEC

Key

1 AQPDDR

2 ceptre axis

3 tegt piece

4 light source

5 digtance between origin of distance measurement and test piece for AOPDDR-3D

6 bafkground (diffuse reflective surface 0,5 m x 0,5 m)

7 measurement of intensity of reflected light in the detection zenevithout test piece

8 digtance between test piece and background of 0,4 m, but at least so large that the background is not defected

as|an object

The goefficient of reflection of the background used for this test shall not vary in the range of
wavelengths used by the AOPDDR itself and used for the measurement of intensity.

For AOPDDR-2D, the set-up has to be adapted accordingly — see 5.2.1.1 c).

NOTE|1 Figure 9 shows a possible cénfiguration for a test according to 5.2.1.2.3.

NOTE|2 Figure 9 shows no detection zone because in this example it is the influence on the position acguracy
that is| being tested.

figure 9 — Influence on detection capability by light reflected by the backgroung

5.2.113 Endufance test of the detection capability

It shall besverified that the detection capability is maintained by carrying out an endurnance
test as follows. The results of the analysis and testing according to 5.2.1.2 shall be usged to
deterqmin€ the worst-case conditions and the appropriate test piece (see 4.2.13) to use for this
test.

A limited functional test B (B test) in accordance with 5.2.3.3 of IEC 61496-1:2012 shall be
carried out with the ESPE in continuous operation under the worst-case conditions
determined. The test piece shall be placed in a worst-case position and left in this position for
a time period of 150 h.

If there is more than one worst-case position, the test shall be carried out for each position of
the test piece while evenly dividing the total test time of 150 h among the different worst-case
positions. The possibility of zone(s) with limited detection capability shall be taken into
account.

Changes may be made to both hardware and software (if applicable) to simulate worst-case
conditions.
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NOTE Examples of test configurations are given in Figures 10 and 11.

Side view Top view

IEC

Key

1 AQPDDR (see Note 1 below)

2 ceptre axis

3 tegt piece at position for AOPDDR-3D (see Note 2 below)

4 bafkground (see Note 3 below)

5 degection zone

6 tolerance zone

7 cofner axis

8 maximum operating distance

9 digtance to the background (dependslon the design of the AOPDDR)

For AOPDDR-2D, the set-up'shall be adapted accordingly — see 5.2.1.1 ¢).

NOTE[{1 AOPDDR with, fortexample, maximum undetected homogeneous and spot-like pollution on the ¢ptical
windoy and maximum degeneration by ageing of components, etc.

NOTE|2 The black test piece will lead to a lower signal-noise-ratio (S/N) than the white test piece.

NOTE|3 Background with worst-case reflectance (if background interferes with measurement values).

Figure 10 — Configuration for the endurance test — Example 1
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Top view (AOPDDR-2D) Top view (AOPDDR-3D)

IEC

Key
AQPDDR-2D (see Note 1 to Figure 10)
AQPDDR-3D (see Note 1 to Figure 10)
ceptre axis

tegt piece (see Note 2 to Figure 10)
zope with limited detection capability
defection zone

tolerance zone

cofner axis

© 00 N o g A~ W N P

tegt piece radius (placed inside the detection\for AOPDDR-2D)

10 size of the zone with limited detection eapability (see 4.1.6)

For AOPDDR-2D, the set-up shall be adapted accordingly — see 5.2.1.1 ¢).

NOTE| For AOPDDR-2D, thestest piece is placed inside the detection zone(s) by half of the minimum detelctable
object|size, i.e. the centre line\of the test piece is placed at the outer border of the detection zone. For AORDDR-
3D, thg test piece is placed inside the detection zone(s) as far as the minimum detectable object size.

Figure 11 — Configuration for the endurance test — Example 2

5.2.3] Limited functional tests

5.2.31</General

5.2.3.1 of IEC 61496-1:2012 applies, except as follows.
Addition:

Unless otherwise stated in this document, either of the test pieces according to 4.2.13.2 or
4.2.13.3 shall be used for the limited functional tests.
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Test pieces for type testing

2018

The stated reflectivity values of the test pieces shall be verified by inspection of the supplier’s
declaration (based on test results) or by measurement. Other test pieces may be used,
providing they meet the relevant requirements of this document.

5.2.10 Position accuracy

The supplier’s calculations for determining the position accuracy and the tolerance zone shall

be vérified for correctness and validity by comparison with the results of the measuremer

the d

5.2.1
5.2.1

The
docu
verifi

5.2.1

tection capability according to 5.2.1.2.

1 Influences on detection
1.1 General

equirements of 4.2.12.2 shall be verified by analysis and/or measurement. The supq

ts of

lier's

mentation related to the reflectivity of the test piece(s) and the calculations used may be

ed by inspection.

1.2 AOPDDR used as a trip device with orthogonal @pproach

It shall be verified that the sensing device is actuated and'the OSSDs go to and remain i

OFF-
that

zone
objeq
maxi

5.2.1

The
meaq

5.2.1

The
IEC ¢
emitt
verifi

5.2.1

state when a test piece as defined in 4.2.13.3 is¢moving through the detection zone
he direction of movement and the axis of thé/cylinder are orthogonal to the dete

n the
such
ction

at a speed of 1,6 m/s. Where the supplier states that an AOPDDR can be used to detect

ts moving at speeds greater than 1,6 m/s,\verification shall be carried out at the s
mum speed.

2 Wavelength

bmitted wavelength shall be veérified either by inspection of the device data sheet
urement.

3Radiation intensity

radiation intensityyshall be verified by measurement in accordance to IEC 60825
2471 and by inspection of the technical documentation provided by the supplier.

tated

Dr by

t1 or
f the

ng element(s).uses laser technology the marking as a class 1 or class 1M laser shall be

pd for corfectness.

1 Mechanical construction

The o

5.3
5.3.2

5.3.2

5.3.3

5.3.3

qulirpmpan aof 4 2 16 shall he verified hy inclnr:-("rinn

Performance testing under fault conditions
Type 1 ESPE

of IEC 61496-1:2012 does not apply.

Type 2 ESPE

of IEC 61496-1:2012 applies, except as follows.
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Addition:

It shall be verified that the drift or ageing of components that influence the detection capability
will lead to an OFF-state of the OSSD(s) according to 4.3.10.

A combination of one or more of the following is sufficient to verify the requirement to
combine single faults with operating conditions/influences as required by 4.2.2.3:

— analysis;

— simulation;

— tdsts carried out in the presence of a single fauli, where relevant.

5.3.4 Type 3 ESPE

5.3.4 of IEC 61496-1:2012 applies, except as follows.

Addition:

It shall be verified that the drift or ageing of components that influence*the detection capdbility
will I¢ad to an OFF-state of the OSSDs within a time period of 5 s ‘according to 4.3.10.

A combination of one or more of the following is sufficient to verify the requirement to
combine single faults with operating conditions/ influencescas required by 4.2.2.4:

— apalysis;

— simulation;

—

9

sts carried out in the presence of a single_fault, where relevant.

5.3.5| Type 4 ESPE

5.3.5/of IEC 61496-1:2012 does not apply.

5.4 | Environmental tests

5.4.2l Ambient temperaturevariation and humidity

5.4.2|of IEC 61496-1:2012 applies, except as follows.

Addition:

The ESPE shall be subjected to the following condensing test:

— the(ESPE shall be supplied with its rated voltage and stored in a test chamber Tt an
ambient temperature of 5 °C for 1 h;

— the ambient temperature and the humidity shall be changed within a time period of up to

2

min to a temperature of (25 £ 5) °C and a relative humidity of (70 £ 5) %;

— a C test shall be performed with a duration of 10 min using the black test piece
(see 4.2.13.2);

— if

a restart interlock is available it shall not be operational during the C test;

— to verify the stated detection capability of the ESPE during the C test, either

a) the ESPE shall be operated with a detection zone set up as described in 5.1.1.2 and a

distance between the origin of distance measurement and the test piece of BTD, o

b) measurement values shall be used for verification.

r
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5.4.4 Mechanical influences
5.4.4.1 Vibration

Replacement:

The test sample shall be exposed to vibration tests according to IEC 60068-2-6. The test shall
be carried out without anti-vibration mountings.

NOTE 1 The tests are intended to demonstrate a minimum robustness of the device under test.

The fettewing-eondittonsshateppyp——M8m ——

— Ffequency range: 10 Hz to 55 Hz;

— Sjweep rate: 1 octave/min;

— Amplitude: 0,35 mm £ 0,05 mm;
— Number of sweeps: 20 for each of three mutually perpendicularfaxes (no delay at
resonant frequencies).

The following limited functional tests shall be performed for each axis,

N A test shall be performed during each of the first and lasf.sweeps;

a
— a|B test shall be carried out, so that the test piece is brought into the detection zone 4t the
beginning of the second sweep and is removed at the énd of the 19" sweep.

If thg supplier specifies the AOPDDR for use on greund vehicles the supplier shall chooge an
appropriate 5M class according to IEC TR 60721-4-5" The related tests shall be carried ofut as
C tedts.

NOTE|2 Example for ground vehicles include forklift ttucks, automated guided vehicles (see also IEC 60721{3-5).

If theg AOPDDR is not intended to be mounted on a machine (i.e. not intended to be subjected
to high vibration), the levels of amplitude and frequency may be reduced for the A test
depending on the intended application. In this case, a C test may be carried out instead qf the
B tedt.

At the end of the tests, the AOPDDR shall be inspected for the absence of damage inclliding
displacement and/or cracks of the optical window. It shall be verified by test that the detgction
zone|has not changed-in its orientation, size or position.

Replacement, including the title of 5.4.4.2 of IEC 61496-1:2012:

5.4.42 Shock
The test’sample shall be exposed to shock tests according to IEC 60068-2-27, |

The following conditions shall apply:

— Acceleration: 100 m/s?;

— Duration of pulse: 16 ms;

— Number of shocks/direction: 1 000 + 10;

— Directions of shocks: 6 with 3 mutually perpendicular axes.

The following tests shall be performed for each direction:

— an A test shall be performed during each of the first and last (100 £ 10) shocks;

— a B test shall be carried out, so that the test piece is brought into the detection zone after
the first (100 = 10) shocks.
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If the supplier specifies the AOPDDR for use on ground vehicles the supplier shall choose an
appropriate 5M class according to IEC TR 60721-4-5. The related tests shall be carried out as
C tests.

NOTE Example for ground vehicles include forklift trucks, automated guided vehicles (see also IEC 60721-3-5).

If the AOPDDR is not intended to be mounted on a machine (i.e. not intended to be subjected
to shock), the test conditions may be reduced for the A test depending on the intended
application. In this case, a C test may be carried out instead of the B test.

At the end of the tests the AOPDDR shall be inspected for the absence of damage including
displgcement and/or cracks of the optical window. It shall be verified by test that the dergction
zone|has not changed in its orientation, size or position.

Addition:

5.4.43 Change of temperature

The ESPE shall be subjected to a test Na according to IEC 60068-2-14 using the follqwing
relevant values and conditions:

|
o

w temperature T,: =25 °C;
— hjgh temperature Tg: 70 °C;
— fqur cycles;

|
m

SPE not energized during the temperature cycles;

|
o

ration t;: 60 min;

|
—h

gllowing the test, the AOPDDR shall be, inspected for absence of damage inclliding
splacement and/or cracks of the optical(window;

o

— a| B test shall be carried out imt‘the test environment according to 5.1.2J1 of
EC 61496-1:2012 to verify that the . ESPE is capable of continuing in normal operation].

5.4.4.4 Hammer tests
5.4.44.1 General

The ESPE shall be subjected to tests according to IEC 60068-2-75 using the following values
and ¢onditions:

— three impacts;

— mounting by/its normal means on a rigid support;
D initial-measurements;

|
>

— thedmpacts shall be directed at the centre of the optical window in the plane or the
defection zone for AOPDDR-2D and the centre axis for AOPDDR-3D:

— ESPE not energized during the impacts.

The test of 5.4.4.4.2 shall be carried out after the change-of-temperature test of 5.4.4.3 has
been completed and before the test of 5.4.5. The test of 5.4.4.4.3 shall be carried out after the
test of 5.4.5 has been completed. All these tests shall be carried out with the same device
sample.

5.4.4.4.2 Normal operation

To test that the ESPE is capable of continuing in normal operation after the impacts according
to IEC 60068-2-75, the following values and conditions shall be used:

— impact energy of 0,5 J;


https://iecnorm.com/api/?name=3d5784aa9616996de287dd58378a9fa8

- 40 - IEC 61496-3:2018 © |IEC

2018

— following the test, the AOPDDR shall be inspected and shall not have any displacement or
cracks of the optical window;

— a B test shall be carried out placing the test piece at each position where the stated
detection capability might be reduced by the impacts.

5.4.4

.4.3 Fail to danger

To test that the ESPE will not fail to danger after the impacts according to IEC 60068-2-75,
the following values and conditions shall be used:

— impact energy of 2,0 J;

—

(¢

[e]

- a
d

5.4.5

Replacement:

The
acco
The 1

Additional subclauses:

5.4.6

5.4.6

All te
tests

and

The
only

for the sensing function or measurement of distance, which may be influenced by interf
Analysis of theCharacteristics and the intended function of the other optical compofents

light.
shall
requi
abse
light

llowing the test, the AOPDDR shall be inspected for displacement and/or cracks\d
btical window;

C test shall be carried out placing the test piece at each position where the s
ptection capability might be reduced by the impacts.

Enclosures

requirements of 4.3.4 of this document for degrees of prétection shall be testg

emaining requirements shall be verified by inspection.

Light interference on AOPDDR receiving elements and other op
components

.1 General

sts shall be carried out with the black test piece (see 4.2.13.2). During the B tests g

en at one of the corner axes at a uniform distance from the AOPDDR for the test.

ests described in 5.4.6.4.3, 5.4.6.4.4, 5.4.6.5.4, 5.4.6.5.5, 5.4.6.6.3 and 5.4.6.7.3
be carried out if the*AOPDDR contains optical components, other than those nece

be carried out to determine if additions to, or combinations of, test conditions
red in order to detect possible failure to danger of the ESPE (for example, to verif
hce offailure to danger of the ESPE due to pollution monitoring means in the presen
nterference).

f the

tated

ed in

dance with IEC 60529 after the tests of 5.4.4 (excluding 5,4/4.4.3) have been completed.

tical

nd C

the test piece shall be introduced into the detection zone in such a manner that the
interl&:ring light is not interrupted, The test piece shall first be positioned near the centre

axis

shall
bsary
ering

are
y the
ice of

NOTE Other optical components can include the following: emitting/receiving elements, reflectors, lenses, etc.,

provid

ed within the AOPDDR.

Table 2 gives an overview of the light interference tests.
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Table 2 — Overview of light interference tests

Sub- Test Light Intensity Measuring | Figure Test Remarks
clause related to source value position sequence
lux

Figure 7 may be used
for an AOPDDR that

See 7 provides measurement
5.2.1.2.2 E<30002 521.2.2 or - values; additional tests
Position e 8 with refl_ected light may
accuracy Incandescent be required (see
5.2.1.2.2)
1500<E 'n posttion Light reflected by
5.2.1.2.3 <3000 2 of test 9 - backaround
- piece 9
BTD; additional tejsts
5.4.6.4.1 oNg:erlT:iaan 1 500 1 a) and*h)-of 5.4.64.1
P In front of may\be required
AOPDDR -
. receiver BTD; additional telsts
5.4.6.4.2 Fsgﬁr‘z:o 3000 2 a) and b) of 5.4.64.2
9 Incandescent may be required
Normal b
5.4.6.4.3] operation 1500 In front of - 1 BTD
- "other"
5.4.6.4.4 | Fallureto 3000 receiver - 2 BTD P
danger
Normal Minimum detectiop
5.4.6.5.2 operation - - 1 zone + tolerance zone
p but > 0,2 m
Eailure to Test piece at distgnce
5.4.6.5.3 danger - ~ 2 of maximum detedtion
zone
Fluorescent
Normal Minimum detectiofp
5.4.6.5.4 operation - - - 1 zone + tolerance zone
P but>0,2m?Pb
Failure to Test piece at distgnce
5.4.6.5.5 danaer - — - 2 of the maximum
9 detection zone °
5.4.6.6.2 Failure to Flashing _ _ _ 3 BTD
54.6.6.3 danger beacon BTD®
5.4.6.7.2 Failure to Laser beam _ _ _ 3 BTD
54.6.7.3 danger pointer BTD
Not necessary if
Nermal mounting is
54.6.8.2 operation Identical - - 12 - restricted/A test
AOPDDR alnsd without test piece
5.4.6.8.3 Fslalﬁrgee:o = = = No-ON=stateof-©5SDs

a8 Maximum intensity at which the AOPDDR remains in normal operation.

b Test of interference on other optical components.

5.4.6.2 Light sources
The light sources shall be as follows.

a) Incandescent light source: a linear tungsten halogen (quartz) lamp with the following
characteristics:
— colour temperature: 2 800 K to 3 200 K;

— rated voltage: any value within the range 100 V to 250 V;
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— supply voltage: rated voltage £ 5 %, sinusoidal AC at 48 Hz to 62 Hz;

The lamp shall be mounted in a parabolic reflector of minimum dimensions 200 mm x 150 mm,
having a diffuse reflective surface and a reflectivity that is uniform within +5 % over the
wavelength range 400 nm to 1 500 nm.

NOTE This source produces a beam of near-uniform intensity with known spectral distribution and having a
predictable modulation at twice the supply frequency.
b) Fluorescent light source: a linear fluorescent tube with the following characteristics:

— size: T8 x 600 mm minimum;

——cotout-temperature: 3-660K-to6566
The linear fluorescent tube shall be used in combination with an electronic ballast having
the following characteristics:

—| operating frequency: 25 kHz to 50 kHz;
—| power rating corresponding to the tube;

he linear fluorescent tube shall be operated at its rated power supply voltage = |5 %,
ithout a reflector or diffuser.

T
W

Qther fluorescent light sources having, for example, electroni¢_ballasts with an operating
frequency other than that specified can lead to different test-results. Therefore, the use of
other types of fluorescent light sources or a light source génerator simulating the effe¢ts of
d|fferent fluorescent light sources should be considered«or testing.
F
e

c) FJashing beacon light source: a light source employing a xenon flash tube (without
nclosure, reflector or filter) having the following characteristics:
—| flash duration: from 40 ps to 1 200us (measured to the half-intensity point);
—| flash frequency: 0,5 Hz to 2 Hz;

—| input energy per flash: 3 Jto 5 J;
d) Lpser beam pointer: a collimated lasér beam having characteristics within the follgwing

limits:

—| flash duration: continuous wave mode;

—| wavelength: within 550 nm up to 670 nm;
—| beam shape: diameter below 5 mm;

—| light intensity 0,7 mW up to 1 mW;

—| laser Class 2.

WARNING — Thetlaser beam pointer is a class 2 device. Never look into the beam.

5.4.6/.3 Test sequences
1) Tlestrsequence 1:
a) OSSDs of the ESPE in on-state.
b) Switch on interfering light (the OSSDs shall remain in on-state).
c) B test.
d) Switch off ESPE for 5 s. Restore power. Reset start interlock if fitted.
e) B test.
f) Switch off interfering light.
g) B test.
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2)

3)

5.4.6.4 Light interference — Incandescent light
5.4.6.4.1 Normal operation — Interference on AOPDDR receiving \elements

The

Test sequence 2:

a) OSSDs of the ESPE in on-state.

b) Switch on interfering light.

c) C tests repetitively for 1 min.

d) Switch off the ESPE for 5 s. Restore power. Reset start interlock if fitted.
e) C tests repetitively for 1 min.

f) Switch off interfering light.

g) C tests repetitively for 1 min.

est sequence 3:
OSSDs of the ESPE in on-state.
Switch on interfering light.

O T

C tests repetitively for 3 min.

FSPE shall be subjected to a test using test sequence 1 0f5.4.6.3 with the incandescent

light source of 5.4.6.2 producing a light intensity of 1 500 Ix £/10 % measured in the position
of the housing of the AOPDDR. The light shall be directed along the centre axis o¢f an
AOPPDR and the light source shall be located outside,the’ detection zone and the tolefance
zone| The ESPE shall not go to the ON-state when the‘test sequence requires it to be ip the
OFF{state. If the ESPE goes to the OFF-state whenr thé test sequence requires it to be ip the

ON-gtate, the following additional tests a) and b) shall be performed.

NOTE| The light source used for test has typically.a@istance of 1,6 m to 2,2 m from the housing and will be

locatef outside the detection zone and the tolerance zone for the test as described in a) and b).

a)

b)

I the minimum detection zone or tolerance zone is so large, that the light source is inside
the detection zone or the tolerance zone producing a light intensity of 1 500 Ix + 10 % for
the test, the light source shall hé)outside the detection zone and the tolerance zone during
the test, but close to the border of the tolerance zone. The ESPE shall continue in ngrmal
operation during the testisequence 1 of 5.4.6.3, using the incandescent light sourge of
514.6.2. The light source\shall be located as close as possible to the plane of the detdction
zpne for an AOPDDR-2D. For an AOPDDR-3D the light source shall be located adjacent
 and
Ce at
f the
ntain
(see

the detectlon zone for an AOPDDR 2D. For an AOPDDR 3D the light source shaII be
located in the centre axis for an AOPDDR-3D. The distance between the ESPE and the
light source shall be the minimum distance at which the ESPE is able to pass an A test. If
the intensity measured in front of the AOPDDR receiver is less than 1 500 Ix, then the
accompanying documents shall contain instructions regarding the avoidance of
interference by incandescent light sources (see Clause 7, item ppp)).

5.4.6.4.2 Failure to danger — Interference on AOPDDR receiving elements

There shall be no failure to danger of the ESPE during test sequence 2 of 5.4.6.3 using the
incandescent light source of 5.4.6.2 producing a light intensity of 3 000 Ix + 10 % measured in
the position of the housing of the AOPDDR. The light shall be directed along the centre axis
of an AOPDDR. If the light source is inside the detection zone or tolerance zone for this test,
the following additional tests a) and b) shall be performed instead of the test described above
in this paragraph.
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There shall be no failure to danger of the ESPE during test sequence 2 of 5.4.6.3 using
the incandescent light source of 5.4.6.2 producing a light intensity of 3 000 Ix £ 10 %. The
light source shall be located as close as possible to the plane of the detection zone for an
AOPDDR-2D. For an AOPDDR-3D the light source shall be located adjacent to the corner
axis. The light source shall not be detected by the ESPE during the test.

There shall be no failure to danger of the ESPE during test sequence 2 of 5.4.6.3 using
the incandescent light source of 5.4.6.2. The light source shall be placed in the plane of
the detection zone for an AOPDDR-2D. For an AOPDDR-3D the light source shall be
located in the centre axis. The light source shall be outside the detection zone and the
tolerance zone during the test, but close to the border of the tolerance zone. The C tests
shall be carried out with the axis of the test piece placed on the furthest boundary of the
detection zone.

6.4.3 Normal operation — Interference on other optical components

FSPE shall continue in normal operation during test sequence 1 of 5.4.6.3 using the

incarldescent light source of 5.4.6.2 producing a light intensity of 1 5007+ 10 %.| The
incarldescent light source shall be placed in the position(s) that allows nérmal operation and

wherp other optical components can be influenced.

5.4

The

6.4.4 Failure to danger — Interference on other optical components

r¢ shall be no failure to danger of the ESPE during test&eguence 2 of 5.4.6.3 using the

incarjdescent light source of 5.4.6.2 producing a light intensity of 3 000 Ix + 10 %.| The
incarjdescent light source shall be placed in the position(s) where other optical compofents

can

5.4

5.4.

e influenced.

6.5 Light interference — Fluorescent light

6/.5.1 General

This [test shall be performed with three variations, using light from the centre and light|from

each|end (anode and cathode areas) ofithe tube.

NOT

frequgncy optical radiation.

5.4.

The

E| One aim of the test using the fluorescent light source is to check the susceptibility of the AOPDDR tp high

6.5.2 Normal operation™— Interference on AOPDDR receiving elements

fest shall be carfried out with the minimum detection zone possible, but the operating

distapce plus tolerance zone shall be 20,2 m. The ESPE shall continue in normal operation

duri
the

njg test sequenece 1 of 5.4.6.3 using the fluorescent light source of 5.4.6.2 placed outside
detection zone and the tolerance zone, but close to the border of the tolerance zone ip the

plang of the detection zone for an AOPDDR-2D. For an AOPDDR-3D the light source shall be

placgd in/the centre axis.

5.4.

The

Al
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test shall be carried out with the maximum detection zone possible. There shall be no

failure to danger of the ESPE during test sequence 2 of 5.4.6.3 using the fluorescent light
source of 5.4.6.2 placed at a distance of 0,2 m from the housing of the AOPDDR in the plane

of t

he detection zone for an AOPDDR-2D. For an AOPDDR-3D the light source shall be

placed in the centre axis. The C tests shall be carried out with the axis of the test piece
placed on the furthest boundary of the detection zone.

NOT

E The lamp body can be detected as an object during this test.
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5.4.6.5.4 Normal operation — Interference on other optical components

The test shall be carried out with the minimum detection zone possible, but the operating
distance plus tolerance zone shall be =2 0,2 m. The ESPE shall continue in normal operation
during test sequence 1 of 5.4.6.3 using the fluorescent light source of 5.4.6.2 placed at a
distance of 0,2 m from the housing of the AOPDDR in the position(s) where other optical
components can be influenced by light interference. If this position(s) coincides with, or meets,
the detection zone of the AOPDDR, the fluorescent light source shall be placed as close as
possible but =2 0,2 m, so that the body of the lamp is not detected.

5.4.6.5.5 Failure to danger — Interference on other optical components

The test shall be carried out with the maximum detection zone. There shall be no failLJre to
danger of the ESPE during test sequence 2 of 5.4.6.3 using the fluorescent lighthysourfe of
5.4.6|.2 placed at a distance of 0,2 m to the housing of the AOPDDR in the position(s) where
other optical components can be influenced by light interference. The C tests shall be carried
out with the axis of the test piece placed on the furthest boundary of the detection zone.

NOTE| The lamp body can be detected as an object during this test.
5.4.66 Lightinterference — Flashing beacon
5.4.66.1 General

The position of the flashing beacon shall be fixed during the tests. The required C tests|shall
be carried out with the axis of the test piece placed on<¢the furthest boundary of the detdction
zone|for an AOPDDR-2D. The required C tests shall. ke carried out with the test piece placed
in a position that is both inside and adjacent to the fdrthest boundary of the detection zorje for
an ADPDDR-3D.

5.4.6/6.2 Failure to danger — Interference\on AOPDDR receiving elements

There shall be no failure to danger of.the ESPE during test sequence 3 of 5.4.6.3 using the
flash|ng beacon of 5.4.6.2 placed at a‘distance of 3,0 m from the housing of the AOPDDR in
the plane of the detection zone for<an AOPDDR-2D. For an AOPDDR-3D the light source|shall
be placed in the centre axis.

5.4.6.6.3 Failure to danger — Interference on other optical components

Ther¢ shall be no failune to danger of the ESPE during test sequence 3 of 5.4.6.3 using the
flash|ng beacon of 5.4.6.2 placed at a distance of 3,0 m from the housing of the AOPDDR in
the plosition(s) where other optical components can be influenced by light interference.

5.4.6.7 Lightiinterference — Laser beam pointer

5.4.6.7¢X, General

The position of the laser beam pointer shall be fixed during the tests. The required C tests
shall be carried out with the axis of the test piece placed at one position on the furthest
boundary of the detection zone for an AOPDDR-2D. The required C tests shall be carried out
with the test piece placed in a position that is both inside and adjacent to the furthest
boundary of the detection zone for an AOPDDR-3D.

5.4.6.7.2 Failure to danger — Interference on AOPDDR receiving elements

There shall be no failure to danger of the ESPE during test sequence 3 of 5.4.6.3 using the
laser beam pointer of 5.4.6.2 placed at a distance of 3,0 m from the housing of the AOPDDR
in the plane of the detection zone for an AOPDDR-2D. For an AOPDDR-3D the light source
shall be placed in the centre axis.
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5.4.6.7.3 Failure to danger — Interference on other optical components

There shall be no failure to danger of the ESPE during test sequence 3 of 5.4.6.3 using the
laser beam pointer of 5.4.6.2 placed at a distance of 3,0 m from the housing of the AOPDDR
in the position(s) where other optical components can be influenced by light interference.

5.4.6.8 Lightinterference by an emitting element of identical design

5.4.6.8.1 General

In order to test for interference between AOPDDRs of identical deS|gn two devices shall be

NOTE|1 For the test of 5.4.6.8.3, the worst-case conditions for this test can include maximum“détection zones,
opposjte mounting orientation of the AOPDDRs and positioning the test piece just beside the eentre axes as ghown
in Figlire 12.

For fhe tests of 5.4.6.8.2 and 5.4.6.8.3, an exact positioning of theydevices under tgst is
requifed in such a way that the emitting element beam(s) of one AOPDDR is (are) dir¢cted
exactly to the receiving element(s) of the other AOPDDR.

NOTE|2 An infrared camera can be used for exact positioning.
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Top view
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AQPDDR "A"

AQPDDR "B"

tegt piece

ceptre axis AOPDDR "A"
ceptre axis AOPDDR "B"
defection zone AOPDDR "A"
detection zone AOPDDR "B"
tolerance zone AOPDDR "A"
tolerance zone AOPDDR "B"

© 00 N o g A~ W N P

10 dimmension of detection zone AOPDDR-3D "A" + tolerance zone

11 dirhension of detection zene AOPDDR-3D "B" + tolerance zone

For AOPDDR-2D thé set-up has to be adapted accordingly — see 5.2.1.1 ¢).

NOTE| Figure 12'shows a possible configuration for the tests of 5.4.6.8.2 (without test piece) and 5.4.6.8.3.

Figure 12 — Interference between two AOPDDR-3D of identical
design (opposite arrangement)
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Side view
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Thé minimum dimension of the overlap of “10” and “11” is 2 times the tolerance zone plus two tim
Lim. detectable object size.

Ps the

Figure 13 — Interference between two AOPDDR-3D of identical
design (parallel arrangement)

The reflective background shall have a coefficient of diffuse reflection greater or equal 80 %
at the emitted wavelength (named white background). The white test piece (see 4.2.13.3)

shall

be used for this test.

The distance between the background and the nearest part of the tolerance zone should be
chosen according to analysis.
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5.4.6.8.2 Normal operation

The information for use may contain instructions regarding the avoidance of interference
between two or more AOPDDRs of identical design (for example, by special mounting). If no
mounting restrictions are given by the supplier for the AOPDDR, an A test shall be carried out
with both AOPDDRSs for a time period of 4 h when radiation from the emitting element(s) of an
AOPDDR of identical design is directed towards the receiving element(s) of the other
AOPDDR according to Figure 12, and Figure 13 without the test piece.

5.4.6.8.3 Failure to danger

There—sheltbenofatttreto-dangerof-the ESPEwhenratiationfrom-the—emittrgetementy(s) of
an AOPDDR of identical design is directed towards the receiving element(s) of the\ pther
AOPPDR according to Figure 12 and Figure 13. This test shall be carried out for |both

AOPPDRs for a time period of 4 h. None of the devices under test shall go to the ON-state.

5.4.7] Pollution interference
5.4.7.1 General

Immunity against pollution interference shall be tested by carrying“eut tests simulating spot-
like pollution and homogeneous pollution. The tests listed in 5.4.72 and 5.4.7.3 may npt be
suffigient to cover all possible designs of pollution monitoring means. In such cases,
additjonal analysis and tests shall be carried out to verify ¢hevstated detection capability. As
an ekample, it may be required to consider the variation)'of the reflectivity of a refenence
objeqt or the transmission capability of optical components. Special attention shall be paid to
the influence of temperature on the pollution monitorifig/means.

5.4.7.2 Pollution test with opaque test spot
Immunity against spot-like pollution shall bestested as follows.

— Spot-like pollution shall be simulated’by using circular opaque test spots of three different
dlameters:

o| half of one emitter aperture (average) at the optical window, but resulting in a|spot
diameter not exceeding-20 mm,;

¢| half of one receiver aperture (average) at the optical window, but resulting in afspot
diameter not exceeding 20 mm,;

10 mm.

he coefficienthof diffuse reflection of the test spots at the emitted wavelength shall be
ithin the range of 18 % to 22 %.

T
W
— Dluring<the” test the spots shall be placed individually at all position relevant tg the
detection capability of the AOPDDR.

T

pstvwhether the simulated spot-like pollution will lead to an OFF-state of the O$SDs
within a time period of 5 s or does not reduce the stated detection capability.

— Tests shall be carried out to verify that when simulated pollution leads to an OFF-state of
the OSSDs, actuation of the restart interlock (if applicable) or a new power-up does not
lead to an ON-state of the OSSDs. If a restart interlock is fitted, the OSSDs shall stay in
the OFF-state when the simulated pollution is removed.

NOTE 1 For the purposes of this document, the diameter of a Gaussian laser beam is defined by the 1/e?
intensity levels.

Based on the analysis required in 5.4.7.1, the diameter of the test spot may be adapted to
more critical cases (e.g. diameter a twice — see Figure 14 and Figure 15).

NOTE 2 The emitting element of an AOPDDR can consist of one or more LEDs. Half of one emitter aperture is the
half diameter of the aperture a of one LED projected to the plane of the optical window (see Figure 14).
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1 opfical window
2 LHDs

a half of one emitter aperture

NOTE|3 The receiving element of an AOPDDR can consist out of a pixel array with one or more lenses in f

the

plane fof the optical window (see Figure 15).
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IEC

Figure 14 — Example of an emitting element of an AOPDDR

pixel array. The half of one receiver aperture is the half diameter 6f)the aperture of one pixel projected

IEC

ont of
to the

Key

1 optical window (front lens)
2 aperture stop

3 pixel array

a

half of one receiver aperture

NOTE This figure shows only the principles of an optical system.

Figure 15 — Example of a receiver of an AOPDDR
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5.4.7.3 Test of homogeneous pollution of the emitter and receiver aperture

Immunity against homogeneous pollution shall be tested as follows.

It can be necessary for the test to use more than one foil.

Homogeneous pollution shall be simulated by using a grey, half-tone foil with a line
frequency greater than four lines per millimetre. Reflections produced by such foil shall not
influence the test results.

For an AOPDDR having a curved optical window, the foil shall cover a 45° arc over the
emitter and receiver aperture area(s) of the optical window of the housing. For an
AOPDDR having an optical window with a flat characteristic, the foil shall cover 25 % of
the emitter and receiver aperture area(s) of the optical window of the housing, but in any
cgsethrefoit(s)statttravea o size of-300 =

uring the test the foil shall be placed at all positions within the emitter and. receiver
aperture area(s) at the optical window relevant to the detection capability of the < AOPDDR.
Blased on analysis, this test can require positioning either separately on emittep or receiver
of require covering a portion of both.

Test whether simulated homogeneous pollution outside the limits \specified by the supplier
wlill lead to an OFF-state of the OSSDs within a time period of 5.s:

Test whether the AOPDDR continues in normal operation when the received signal energy
of the detection system is attenuated up to 30 % by simulated homogeneous pollution

Tests shall be carried out to verify that when simulate@pollution leads to an OFF-stgte of
the OSSDs, actuation of the restart interlock (if applicable) or a new power-up doep not
Idad to an ON-state of the OSSDs. If a restart interlock is fitted, the OSSDs shall stay in
the OFF-state when the simulated pollution is femoved.

NOTE|1 Equivalent material for the simulation of homegeneous pollution, for example powder or density filters,

can b¢ used.

NOTE|2 In certain applications, for example, in.a\dusty environment, the rate of accumulation of pollution pn the

optical] window of the AOPDDR can be influenced-by the mounting position and orientation of the AOPDDR.
5.4.8 Interference by surrounding objects

5.4.811 Background interference

If thg position accuracy within the detection zone can be influenced by the background, the

supplier shall identify the"worst-case conditions regarding background interference.

The fest covering\‘background interference on the detection capability shall be carried out

accofding to 52-1.2 and Table 1, using the following background:

a)
b)
c)

al cornér-tube reflector with a coefficient of reflection =330 cd - Ix~1 - m=2;
al diffuse reflector with a coefficient of diffuse reflection of 1,8 % to 5 %;

other relevant background material having a reflectivity between a) and b), if such a
background is expected to have a greater influence on the detection capability.

The worst-case distance between test piece and background shall be determined by
measurement.

If the supplier specifies the maximum reflectivity that is monitored by the AOPDDR, a test
shall be carried out to verify that the reflectivity of a background that exceeds the specified
maximum reflectivity leads to an OFF-state of the OSSDs within the specified response time.
In this case, the background interference test according to a) above shall be carried out with
the specified maximum reflectivity with the OSSDs remaining in the ON-state when the
detection zone is not penetrated, instead of testing with a corner cube reflector.

Figure 16 shows a possible configuration for the tests of 5.4.8.1.
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Side view Top view
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1 AQPDDR
2 ceftre axis
3 tegt piece
4 bafkground (size determined by worst-case conditions)
Figure 16 — Influence on detection_capability by background
5.4.8.2 Multi-path reflections
Analysis shall be conducted to determine if<the position accuracy can be influenced by multi-
path [reflections. The supplier shall identify*appropriate tests based on the test set up given at

Figunes 17 and 18 but using worst-case‘€onsiderations regarding multi-path reflections. V

case
repre

surfaces in the nearby background. As long as analysis does not show the necessity of

tests

NOTE|
specu

If the

appropriate tests taking worst-case considerations regarding multi-path reflections

acco

conditions should take foreseeable industrial environments into account. They c3g
sented by variations in reflectivity, distances and angles, for example, highly refle

the test setups shown in Figure 17 (top view) and Figure 18 (side view) shall be use

Highly reflective surfaces that can interfere with the measurement results include material that ge
ar reflections.

position accuracy can be influenced by multi-path reflections, the supplier shall id¢

lint.
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Figure 18 — Multi-path reflection test (side view)

The test setups shall be as follows:

— the target orientation is orthogonal to the centre axis in one direction and 45 ° tilted in the
other direction;

— the target size is 0,5 m x 0,5 m;
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— the target shall have a coefficient of diffuse reflection greater or equal 80 % at the emitted
wavelength;

— the distance between the origin (of distance measurement) and the target midpoint shall
be the minimum operating distance (but 0,2 m as a minimum) and the maximum operating
distance;

— the reflective background size of 1,0 m height and 2,0 m width;

— the reflective background shall have a coefficient of diffuse reflection greater or equal 80 %
at the emitted wavelength (named white background) and lower or equal 10 % at the
emitted wavelength (named black background);

— thereflective background shall be positioned for the tests as shown in Figures 17 and 18;

— the distances between the AOPDDR centre axis and the reflective background shall be
0[25 m and 1,0 m;

— the surrounding environment should be considered.

The fest setups shall be combined for test as follows, and test shall be carried,out at minimum
operating distance (but 0,2 m as a minimum) and the maximum operating distance:

— Test A: black background with 0,25 m distance between the AGPDDR centre axig and
ack background;

pst B: white background with 0,25 m distance between the AOPDDR centre axig and
hite background;

hckground

pst D: white background with 1,0 m distance bétween the AOPDDR centre axis and Wwhite

b

T

W

— Test C: black background with 1,0 m distance between(the AOPDDR centre axis and plack
b

T

bhackground;

The tests shall be carried out by acquiring.distance measurement values from the AOFADDR
for the tests described above to determinethe maximum difference of measurement values
caused by multi-path reflections. A minimum of 1 000 measurements shall be usef for
deterqmining position. Measurement values shall be taken at the target centre taking| into
accopint a square area with each side corresponding to the stated detection capability.

The [results of this test shall\be taken into account to determine the tolerance zome in
accofdance with 4.2.12.2.

The fesulting differences of average value and standard deviation o of the test setups A and
B regpectively C and_D shall be considered in the determination of the tolerance zone.

5.4.90 Manuakinterference

5.4.9/1 , (Tests with opaque test spots

Immdnityagatnst-manualnterferenceshall- betestedasfolows:

— Spot-like manual interference shall be simulated by using two circular opaque test spots of
15 mm diameter. The first shall have a coefficient of diffuse reflection from 18 % to 22 %
at the emitted wavelength. The second shall be a corner cube reflector with a coefficient of
reflection 2 330 cd - Ix~1 - m=2,

— During both tests the spots shall be placed on the optical window and, where appropriate,
within the zone(s) with limited detection capability at any position relevant to the detection
capability of the AOPDDR (see 4.1.6).

— Tests shall be carried out to verify that simulated manual interference either leads to an
OFF-state of the OSSDs within a time period of 5 s or the stated response time for
AOPDDR for use as trip device with orthogonal approach or does not reduce the stated
detection capability.
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— Tests shall be carried out to verify that when simulated manual interference leads to an
OFF-state of the OSSDs, actuation of the restart interlock (if applicable) or a new power-
up does not lead to an ON-state of the OSSDs. If a restart interlock is fitted, the OSSDs
shall stay in the OFF-state when the simulated manual interference is removed.

The second test shall be carried out with a test spot of lower reflectivity if the device is
designed as described in the paragraph before the last in 5.4.8.1. The test spot shall have the
maximum reflectivity with the AOPDDR remaining in normal operation.

NOTE 1 These tests simulate manual interference by small objects such as adhesive tape or cigarette lighters.

NOTE 2__The test for pollution interference with the opagque test spot according to 5.4.7.2 also serves to test for
immuijity against manual interference.

5.4.9.2 Manual interference test with AOPDDR covered
Testg for immunity against coverage shall be performed as follows.

— The materials used for coverage shall have a coefficient of diffuse reflection below [L0 %
gpresenting black and as defined for the white test piece and the/retro-reflectivg test
ece (see 4.2.13).

— The test shall be performed using the materials defined above within the zone(s)| with
imited detection capability (see 4.1.6) by covering 50 %(of the optical window of the
busing at any relevant location, providing that at least.@he receiver or emitter beam is
bvered.

T =

QO - =

The test shall be performed in the following sequence;

a) AOPDDR in normal operation.

b) Switch off the AOPDDR. Introduce the materials used for the coverage. Restore power.
eset start interlock if fitted.

c) The OSSDs shall stay in the OFF-state\at least until the coverage is removed.
d) Remove the coverage. Reset start interlock if fitted.
e) Introduce the material used for<the coverage.

f) erify that the OSSDs ge (to the OFF-state within a time period of 5 s or the sfated
response time for AOPDDR for use as trip device with orthogonal approach, and remain in
the OFF-state.

Additional tests by covering greater angles or areas than those defined above shall be cdrried
out iffit is likely that'such coverage may not be detected.

5.4.9.3 Manual interference test in the zone with limited detection capability

Immunity, against manual interference in the zone with limited detection capability shall be
testephas-follows.

— The object used for simulating manual interference shall be a cylinder with a minimum
effective length of 0,3 m. The surface of the object shall have a coefficient of diffuse
reflection within the range of 80 % to 90 % at the emitted wavelength.

— During the test the object shall be used orthogonal to the detection zone (AOPDDR-2D)
and orthogonal to the centre axis and corner axis (AOPDDR-3D).

— The diameter of the object shall be 5 mm.
— The detection zone shall be set to maximum, when applicable.

— The test shall be carried out by placing the object in the zone with limited detection
capability.

— The black test piece (see 4.2.13.2) shall be used for the C tests to be performed.

— The tests shall be performed to verify that the stated detection capability is maintained in
the presence of an object in the zone with limited detection capability. The black test piece
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shall be moved through the optical occlusion caused by the object as close as possible to
the object and at the stated maximum detection distance.

This test can be omitted if appropriate measures (for example mounting restrictions) regarding
the avoidance of objects with a diameter equal or greater than 5 mm in the zone with limited
detection capability is provided within the information for use.

5.4.10 Optical occlusion in the detection zone (eclipsed by small object)

Immunity against optical occlusion within the detection zone shall be tested as follows.
effective length of 0,3 m. The surface of the test piece shall have a coefficient
reflection of less than 20 % at the emitted wavelength.

m "mum
of diffuse

— During the test the occluding object shall be used orthogonal to the detection |zone
(AOPDDR-2D) and orthogonal to the centre axis and corner axis (AOPDDR-3D).

he diameter of the occluding object shall be 5 mm unless determined .etherwise by the
halysis of 4.3.9.

x>

he detection zone shall be set to maximum, when applicable.

5 possible to the AOPDDR with the OSSDs in the ON-state|
he black test piece (see 4.2.13.2) shall be used for the B-tésts to be performed.

he tests shall be performed to verify that the stated detection capability is maintainged in
He presence of occluding shadowing. The blackctest piece shall be moved through the
optical occlusion of the occluding object as close ds possible to the occluding object and
at the stated maximum detection distance.
f

T
a
T

— The test shall be carried out by placing the occluding object incthe detection zone as|near
a
T
T
t

the AOPDDR stays in the OFF-state after placing the occluding object anywhere ih the
detection zone the requirements of the teStare fulfilled also.

Additional tests shall be carried out when the analysis of 4.3.9 shows that the following can
affecf the immunity to optical occlusions

stances between the AOPBDR and the shadowing object other than those stated abpve;
mensions of the detection'zone other than the maximum;

her distances between the occluding object and the test piece;

fferent positions’ of the occluding object in front of the AOPDDR (for example, different

d
d
0
— d|fferent diameters of the occluding object at different distances from the AOPDDR;
d
apgles); and/or

m

ore than one occluding object.

6 Marking for identification and for safe use

6.1 General

6.1 of IEC 61496-1:2012 applies, except as follows.

Addition to the second list of the subclause:

[) indication of the plane of detection for an AOPDDR-2D;
m) indication of the origin of distance measurement.

The markings required by 6.1 b), c) and d) of IEC 61496-1:2012 and 6.1 m) may alternatively
be given in the accompanying documents.


https://iecnorm.com/api/?name=3d5784aa9616996de287dd58378a9fa8

IEC 61496-3:2018 © |IEC 2018 - 57 -

7 Accompanying documents

Clause 7 of IEC 61496-1:2012 applies except as follows.

Addition:

The accompanying documents shall contain the following information where applicable:

aaa)
bbb)

application examples showing the tolerance zone(s);
dimensions of maximum and minimum detection zone(s) and tolerance zone(s)

cce)

ddd)

eee)

fff)

gg9)

hhh)

ii)

iin

kkk)

1)

mmi

fogether with nformation about the origin ol distance measurement (see | also
Figure 1 and Figure 2) for the determination of the detection range;

information about the minimum required distance between the border of & detgction
zone and the surrounding environment without detecting, for example ,walls or parts
of machines in order to ensure availability in operation (see also AA5.2);

instructions for setting the detection zone(s) including consideration of the toleffance
zone(s) and details on other optional functions of the AORDDR, described in
Annex A of this document if these options are available. Aiclear statement shall be
given when a zone(s) is described, whether its description'is related to the detgction
zone(s) as defined in 3.4 or the combination of the detection zone(s) and the
tolerance zone(s);

instructions to prevent an undetected passage of\a person towards the hazard as
described in Clause AA.5;

information about the behaviour of the A©OPDDR in the presence of smokel and
specular reflections;

information on how the detection capahility may be affected if the AOPDDR is |used
within an additional housing. Forexample, additional housings may have an
influence on the detection capability-and the detection zone;

if appropriate for the application(s), an indication on the floor of the detection [zone
should be recommended;

instructions on how to.doeument the setting of the detection zone(s) together| with
date, serial number of the AOPDDR and identification of the person responsible;

mounting restrictions according to 4.3.5 and 5.4.6.8.2, if the AOPDDR cah be
influenced during normal operation by an AOPDDR of identical design;

information_cancerning external influences which may not be covered by| this
document and which may decrease the stated detection capability. Examples| may
includesweld splatter, infra-red remote control devices, different fluorescent| and
strobgscopic light sources, snow, rain, pollution and thermal convection;

infermation concerning the need to check periodically the optical window(q) for
damage (depending on the application);

nnn)

000)

ppPp)

qqq)

¥—

infarmation r‘nm‘prning the need to check pprindir‘ally the mmmfing aof the AQBDDR

for correctness and to check for possible misalignment of the detection zone(s)
(depending on the application);

information regarding the measures to be taken to avoid possible effects from optical
radiation, if applicable;

information as required by 4.1.6 if the AOPDDR possesses a zone(s) with limited
detection capability;

information regarding the avoidance of interference by incandescent light sources
when required by 5.4.6.4.1 b). This information shall contain examples of light
sources which may affect the AOPDDR in use and appropriate distances between
the AOPDDR and these light sources;

information regarding the maximum speed in the worst-case direction within the
detection zone of the AOPDDR of an object having the minimum detectable object
size (see 4.2.12.3);
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information that an AOPDDR-2D having a minimum detectable object size greater
than 117 mm shall not be used for direction of approach parallel to the detection
zone according to 1SO 13855:2010, 6.3;

instruction that the minimum detectable object size shall be added to the safe
distance calculations of 1SO 13855 for AOPDDR-3D (see also Clause AA.4). This is
because response time specifications assume that the object is entirely within the
detection zone before it is detected;

instructions that only qualified person should perform settings of the detection zone
and/or other safety-related parameters.
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Annex A
(normative)

Optional functions of the ESPE

Annex A of IEC 61496-1:2012 applies, except as follows:

Addition:

A.9 rSettimyg thre detectionm zone and/or other safety-retated parameters |

A.9.1 Functional requirements

The s$etting of the detection zone and/or other safety-related parameters shallnot be pos
withqut using a key, key-word or tool.

NOTE| For example, the tool can be a password protected software configuration program that is document
AOPDPR

If th¢ setting is carried out using a personal computer or equivalent fitted with unté
dedigated hardware and/or software, a special procedure{shall be used for setting
detegtion zone. This procedure shall be in accordance with ‘appropriate standards (see
4.2.1]

The $etting of safety-related parameters should only be performed by qualified persons
proce
correglctly and without corruption to the AORDDR. This shall be applied for all safety-re
settinjgs, for example, the setting of the response time. The parameterization procedures
confgrm to an appropriate standard (e.g. IEC 62061:2005, 6.11.2, or I1SO 13849-1:3
4.6.4).

A.9.4 Verification

The petting of a detection ‘zone or other safety-relevant parameter(s) shall be verifig
follows:

a)

maximum andwrepresentative values); the possibility of differences between the dete
zpne as displayed on the screen of a configuration tool (for example, a personal com
d the actbhal detection zone of the AOPDDR should be taken into account;

verification that the configuration parameters are checked for plausibility, for examp
use’/of-invalid values, etc.;

sible

of the

psted
the
also

1 of IEC 61496-1:2012). If the tool is software, only Software authorized by the supplier
shalllbe used.

The

edure shall include measures to ensure“that the input parameters are transnpitted

lated
shall
P015,

d as

verification of the'\correct setting function(s) for each configuration parameter (minignum,

ction
puter)

le by

V L L
accordance with the requirements of corresponding standards;

verification, in the case of detection zones that can be varied in size during operation

‘e in

, that

the data/signals for determining the size of a detection zone are generated and processed

in such a way that a single fault shall not lead to a loss of the safety function; verific

ation

that such a single fault is detected and causes the OSSDs to remain in the OFF-state or

to go to the OFF-state within the response time of the AOPDDR.

A.10 Selection of multiple detection zones

A.10.1 Functional requirements

If an AOPDDR has more than one safety-related detection zone, a single fault shall not lead
to an unintended change from one selected zone to another zone.
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For Type 3: In cases where a single fault which does not cause a failure to danger of the
AOPDDR is not detected, the occurrence of a further fault internal to the AOPDDR shall not
cause a failure to danger.

Where the input signals are derived from device(s) external to the AOPDDR, this(those)
device(s) should meet the relevant requirements of other appropriate standards (for example
ISO 13849-1, IEC 61508 (all parts), IEC 62061).

Single faults that prevent an intended change from one selected zone to another or prevent
the activation of an additional safety-related detection zone shall cause the AOPDDR to go to
a lock-out condition when a demand requires an activation of another zone or an activation of
an additional zone. The specified response time(s) shall be maintained in this case.

NOTE|1 Itis possible that each zone has a different response time as specified by the supplier.

If a detection zone is changed in size on-line for example by external inputs, the same
requirement applies.

The @ctivation of the detection zones shall be monitored by the AOPDDR™ The user shall have
the possibility to configure the sequence of activation of the_detection zones whi¢h is
monifored by the AOPDDR. If an incorrect sequence of activatiofd of the detection zonjs is
dete¢ted, the AOPDDR shall respond by going to a lock-out condition.

NOTE| 2 The automatic selection of safety-related detection zones (i$'not a muting function (as descrilped in
Clausé¢ A.7 of IEC 61496-1:2012).

A.10{2 Verification

The functional requirements for the selection ofimultiple detection zones shall be verified as
follows.
a) \erification that a single fault does_not lead to an unintended change from one selg¢cted
bne to another zone. Verification that a single fault does not prevent an intended chjange
om one selected zone to anaother or prevent the activation of an additional safety-refated
tection zone.

hrried out according to 5.3.4.

b) Verification that common-mode failures cannot lead to a deactivation or variation df the

tection zones.

Y
z
f
d
Fpr Type 3: Verificationthat further faults will not lead to a failure to danger shdll be
c
\Y
d

c) Merification that .the specified response time of the AOPDDR is maintained in the cafe of
switching hetween different detection zones.

d) Merification’' that the user has the possibility to configure the sequence of activation gf the
detection zones which is monitored by the AOPDDR.

e) Merification that the AOPDDR goes to the lock-out condition when the sequenge of
activation differs from that configured by the user.

It is necessary to consider that persons can already be within the detection zone at the
moment of switching between different detection zones.

A.11 Automatic setting of detection zones

A.11.1 Functional requirements

If the AOPDDR has the possibility to automatically set the detection zone(s), the setting of the
detection zone shall require verification by inspection of the detection zone(s) supported by
manual checks.
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The automatic setting of a detection zone shall not be possible without using a tool. This tool

can

be, for example, a password protected software configuration program.

When determining the position accuracy of an automatically set detection zone, all conditions
as listed in this document shall be taken into account, especially environmental interferences.

A.11.2 Verification

The functional requirements for automatically setting a detection zone shall be verified by the
following tests:

a)
b)

c)

A.l

t¢st whether the automatic setting of a detection zone(s) requires inspection,o

t{sts according to A.9.2 a), b) and c);
d

tection zone(s) supported by manual checks;

prification that a tool (for example, a password protected software configuration prod
necessary to enable automatic setting of a detection zone.

<

7

2 Reference boundary monitoring

A.12]1 Functional requirements

Refefence boundary monitoring is a measure that compares reference distances
distapces measured by the AOPDDR. The reference distance is the distance betwee
AOPDDR and a boundary (for example a wall). The supplier has to specify the value o
(see [Figure A.1).

The
The
tole

DSSDs shall go to the OFF-state if thegdistance measurement values are outsid
rances defined by the supplier.

[ the

ram)

and
h the
TZg

AOPDDR shall monitor the reference distances and the value of TZy during operation.

b the
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Key
1 ref
2 mi
3 tol
4 tol

NOTE

Figude A.1 shows\the distribution of measurement values on an object to be detected.
TZ + TZg/the probability that an object is identified is sufficient. For simplification,
Figune A.1 shows only the probabilistic aspects of the distribution of measurement values

d >

Figure A.1 — Reference boundary monitoring — Distribution of measurement valug
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erence boundary
himum detectable object size (d)

prance zone (TZ)

prance zone regarding the boundary (TZg)

The value of TZ, is taken as“3o only as an example.

S

With

The pensing device of an AOPDDR shall be actuated and the OSSDs shall go to the PFF-
statelwhena-testpiece—inaceordance-with-4-2-13-is-moving-through-the-detectionzone—-or the

tolerance zone regarding the boundary (TZg) such that the direction of movement and the axis
of the cylinder are orthogonal to the plane of the detection zone, at a speed of 1,6 m/s. Where
the supplier states that an AOPDDR can be used to detect objects moving at speeds greater
than 1,6 m/s, this requirement shall be met at the stated maximum speed. When the OSSD(s)
go to the OFF-state, they shall remain in the OFF-state while the test piece is present in the
detection zone.

NOTE The purpose of this requirement is to ensure that the OSSDs go to the OFF-state when a person or part of
a person passes through the detection zone.

Figure A.2 shows an example for using an AOPDDR as a whole body trip device. Figure A.3
shows an example for using an AOPDDR as parts of a body trip device. The value of a shown
in Figure A.3 shall be small enough to ensure detection of the test piece.
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3 tolerance zone regarding the boundary (TZ)

. S .
Figure A.2 — Use of an AOP@? with reference boundary monitoring
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3 tolerance zone regarding the boundary (TZ)

Figure A.3 — Use of an AOPDDR as parts of a body trip device
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A.12.2 Verification

Verify that:

a) the OSSDs go to the OFF-state if the distance measurement values are outside the range
defined by the supplier for the reference boundary monitoring;

b) the stated detection capability is not exceeded;

c) the accompanying documents contain the information necessary to ensure that persons
cannot pass undetected through the detection zone;

d)

the sensing device is actuated and the OSSDs go to and remain in the OFF-state when a
&S G“‘ G“‘G‘ = T is “Gv‘G BIRSAUA RN e G“'i‘ e € orefrareejzone
regarding the boundary (TZg) such that the direction of movement and the axis.of the
cylinder are orthogonal to the plane of the detection zone at a speed of 1,6 m/s.”Where
the supplier states that an AOPDDR can be used to detect objects moving at speeds

eater than 1,6 m/s, verification shall be carried out at the stated maximum'speed.
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Annex B
(normative)

Catalogue of single faults affecting the electrical equipment
of the ESPE, to be applied as specified in 5.3

Annex B of IEC 61496-1:2012 applies, except as follows.

Addition:

B.7 | Sensor array for distance measurement

Faults considered Exclusions

Wrond line addressing None
Wrond column addressing None
Crossfalk between lines, columns and pixels None
Static|limage (no new image) None
Stuck [at high pixel None
Stuck jat low pixel None
Chande in register settings, if applicable None
Failurg in the analogue to digital converter, if applicable None
Failur¢ in data pre-processing, if applicable, resulting e.g. ©0.Wwrong

distange value or different distance values on different pixels or sensors None
Oscillation in signal processing (e.g. amplifier), if applicable None

Addifional annexes:
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Annex AA
(informative)

Examples of the use of an AOPDDR in different applications

AA.1 General

An International Standard dealing with the application of protective equipment to detect the
presence of persons |s being developed IEC 62046/CDV:2017 contams |n its Annex B

"Addt
as a fuII standard the related information of Annex AA 2 and AA.3 of this standard wII be
remoyved.
AA.2 Example of the use of an AOPDDR-2D on machinery
Figude AA.1 shows an example of the use of an AOPDDR-2D on machinesy.
Top view
Side view
1
G |
]
| ||
|1
1l
© O, = 'D'
1|
______ U 1
s |
= |
! | ’
S
L ]
S
IEC
Key
1 machinery
2 AOPDDR-2D
3 plane of the detection zone
4 hazard
5 detection zone
6 tolerance zone

Figure AA.1 — Example of the use of an AOPDDR-2D on machinery
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Calculation of the minimum safety distance S should be in accordance with 6.
ISO 13855:2010, using the following formula:

2 of

S=(KxT)+C
where
K =1600 mm/s;
T =Taorpbr * TMACHINE:
C =1200mm - 0,4 H, but not less than 850 mm.
Then

S=(1600xT)+ (1200 -0,4H)

The lowest allowable height of the detection zone should be calculated as foltows:

H =15 (d - 50)
When configuring the detection zone, the value of the tolerance zoné,should be added t
safetly distance S.
The value of a shown in Figure AA.1 should be small enough{to ensure detection of the
piecq at distances up to and including S plus the tolerance zone. The diameter of thg
piecqg should be in accordance with the formula d = Hf15 + 50 mm (see Equation (
ISO 13855:2010).
Accofding to 6.3 of ISO 13855:2010, when electro-sensitive protective equipment empl
active opto-electronic protective devices is used for direction of approach parallel to a
dimepsional detection zone, the device should have a minimum detectable object size i

rangg from 50 mm to 117 mm.

AA.J

Example of the use of anCAOPDDR-2D on an automatic guided vehicle
(AGV)

Figue AA.2 shows an example of the use of an AOPDDR-2D on an automatic guided ve

(AGV

).

D the

test
test
B) of

Dying
two-
N the

hicle
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® ﬁ)
Side view . .
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Top view
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Key
AGV
AQPDDR-2D

p
detection zone

dne of the detection zone

tolerance zone

o 0~ W N P

addition to the detection zone

Figure AA.2 — Example of the use of an AOPDDR-2D on an AGV

The fetermination of thei'minimum safety distance S should take into account, for example,
the mpaximum speed.of the AGV, the AOPDDR-2D response time and the braking distange of
the AGV.

The pise of amyAOPDDR-2D as a protection device for AGVs may require an addition tp the
detegtion zone. The value of this addition should be determined by taking into account, for
exanplethe absence of free space in front of the AGV, the speed of movement of a pgrson
or thpesreduced efficiency of the brakes. When setting the detection zone, the values df the
tolerance zone an
distance S.

The height of the plane of detection, H, should be as near as possible to the floor and not
higher than 200 mm (see H in Figure AA.2, and EN 1525).

If it is possible for a person to stand between the front of the AGV and the detection zone
when the AGV is at rest, then other safety measures should be provided to prevent injury
when the AGV starts.
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AA.4 Positioning of AOPDDR-3D in respect of parts of the human body

AA.4

AA.4

NOTE

and in

.1 Calculation of distances for AOPDDR-3D

.1.1 General

1 [1SO 13855 provides a methodology to determine the minimum distance S from specific sensing or
actuating devices of protective equipment to a danger zone. Clause 6 of ISO 13855:2010 details the calculation of
minimum distances for electro-sensitive protective equipment employing active opto-electronic protective systems.
This Annex AA adopts the given approach and extends it where necessary. It is foreseen that after some
experience, the methodology will be presented to the committees preparing 1ISO 13855 and IEC 62046 for adoption

tegration in their standards.

Whe
ISO
AA.4

ISO

Both

n calculating minimum distances, the requirements and formulae given
| 3855:2010, Clause 6, should be taken into account including additionsgive
1.2 to AA.4.1.4.

| 3855 distinguishes in the calculation of the minimum distance between

btection zone orthogonal (at right angles or normal) to the direction(ef approach (see
lause AA.6), and

btection zone parallel to the direction of approach.

cases can be applied for a three-dimensional volume; it is allowed to choossd

resulting lower minimum distance S. Analysis has shown that the formulae for detection Z
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gonal to the direction of approach lead to a lower ov equal minimum distance S i

Nree-dimensional detection zone is orthogonal to’the reference plane, for exampl
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addr¢ssed according to 1ISO 13855:2010, Table;1.

To ensure that the value Crq according Ao 1SO 13855:2010, Table 1, is smaller than the
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400 mm as a minimum for a@.minimum detectable object size =2 70 mm, and 2 400 m
imum in all other cases.

2 A height b equal ot\greater than 1 400 mm, respectively 2 400 mm, means that there is no pdg
venting of an ESPE ,according to ISO 13855 by reaching over the detection zone.

.1.2  Calculation of the overall minimum distance S,

h calculating the size or volume of a zone that is used to prevent a person reachin
rd zonebefore the termination of the hazardous machine function an overall min
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d zone, the height b of the upper edge of the detection zone of the AOPDDR-3D s||10uld
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ssible
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Forrqula (AA.2) is a general formula given by ISO 13855.

So=S+S, (AA.1)
S=(KxT)+C (AA.2)
S,=Cy, +d (AA.3)

So=(KxT)+C+C, +d (AA.4)
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where

S, is the overall minimum distance, in millimetres, combining the minimum distance S and an

additional distance S;

(o]

S is the minimum distance, in millimetres, from the hazard zone to the detection point, line,
plane or zone;

is an additional distance, in millimetres, combining the effects of systematic and random
influences;

K is a parameter in millimetres per second, derived from data on approach speeds of the
body or parts of the body (see ISO 13855 for details);

T iptheoveratsystenT Stoppimg perfoTTTarce T SeCoTus;

is an additional distance in millimetres, based on the distance, which a part of\the body
ay be moving towards the hazard zone prior to the actuation of the protective\devicp;

C,, is an additional distance in millimetres, based on the tolerance zone of'the protgctive
device to satisfy systematic and random influences;

d is the minimum detectable object size of the device, in millimetres (mm), i.e| the
dimension of the test piece.

NOTE| Protective devices employing a volume as a detection zone will normally_require a test piece to be [inside
the dgtection zone with a dimension of at least its minimum detectable object size. This is taken into accopnt by
the cdrresponding test procedures (see for example Clause 5). Therefore, the’ dimension of the test piece| (d) is
part of the additional distance S, in Formulae (AA.3) and (AA.4). If partialiptrusion satisfies the requiremgnts of
this dpcument only the relevant portion of the dimension d is used in those formulae (i.e. d, in Figures AA.6 to
AA.8)

AA.41.3 AOPDDR-3D with a minimum detectable\gbject size > 40 mm and < 55 mm

The minimum distance S in millimetres should be“\calculated by Formula (AA.5) for AOPDDR-
3D having a detection capability in the range >40 mm and < 55 mm:

S= (K% T)+ Cyg+ Csp (AA.5)
wherg
S is the minimum distance, invmillimetres, from the hazard zone to the detection point|line,
plane or zone;
K is a parameter in millimetres per second, derived from data on approach speeds gf the
body or parts of thevbody (see ISO 13855 for details);
T is the overall system stopping performance in seconds;

C4o |is an additionhal distance in millimetres, based on formulae given by ISO 13855| with
Cy0 = 84K=14 mm) = 8 (40 mm — 14 mm) = 208 mm;

C 55 | is apsadditional distance in millimetres, based on the formula Cgg = 12 (d — 40 mm);

d isythe minimum detectable object size of the device, in millimetres (mm), i.e} the

dimension of the test pinr\n_

Then

S=(KxT)+208 mm + 12 (d — 40 mm) (AA.6)

S=(KxT)+12d-272 mm (AA.7)

NOTE 1 The formula for C., is derived from an estimation based on data given by B. Flugel, H. Greil, K. Sommer,
Anthropologischer Atlas, Verlag Tribune Berlin 1986, ISBN 3-7303-0042-3 using a safety supplement.

NOTE 2 For the calculation of C,,, the value of d has to be 40 mm irrespective of the minimum detectable object
size stated by the supplier. For the calculation of C.., the value of d is the minimum detectable object size stated
by the supplier.

55
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AA.4.1.4 AOPDDR-3D with a minimum detectable object size > 55 mm and £ 200 mm

The minimum distance S in millimetres should be calculated by Formula (AA.8) for AOPDDR-

3D having a minimum detectable object size in the range > 55 mm and < 200 mm:
S=(KxT)+C (AA.8)

where

S is the minimum distance, in millimetres, from the hazard zone to the detection point, line,
plane or zone;

K Itf a parameter in miMmetres per second, derived from data on approach speeds, df the
ody or parts of the body with K =1 600 mm/s (see ISO 13855 for details);

T ik the overall system stopping performance in seconds;

is an additional distance of 850 mm; according to ISO 13855 this value js eonsidergd to
be the standard arm reach.

Then

S = (1 600 mm/s x T) + 850 mm (AA.9)

AA.41.5 Examples of detection zone and tolerance zaone

Figudes AA.3 to AA.5 show an example of detection®zone and tolerance zone. A second
exan|ple using partial intrusion of an object into the-detection zone is shown by Figures |JAA.6
to AA.8.

NOTE| The letters symbols used in Figures AA.3 to AA.8are presented in AA.4.1.2.

Side view
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i

IEC

Key
1 hazard zone

2 test piece

3 detection zone

Figure AA.3 — Minimum distance S — Example 1
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According to the general description of the test procedure in 5.2.1.1, the test piece shall be
detected when placed inside the detection zone as far as the minimum detectable object
size d.

Side view

= @
o

- IEC

Key
1 hakgard zone
2 tegt piece

3 de}ection zone

Figure AA.4 — Overall minimum distance S, without tolerance zone — Example 1

The dimension of the minimum detectable object size d will be added to the minimum distance
S to @nsure the correct distance betWeen the hazard zone and an object.
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To achieve the required minimum probability of detection, the tolerance zone has to be
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dered in addition to the detection zone. The tolerance zone depends on po
acy composed of systematic and random influences. Even if a measured distance
est piece falls into the tolerance zane, this test piece will be determined as detected
SSDs will go to the OFF-state orremain in the OFF-state.
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Side view
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+d2

Figure AA.6 — Minimum distance S — Example 2

According to the general description of thetest procedure in 5.2.1.1 the test piece shall be
dete¢ted when placed inside the detectionizone as far as the minimum detectable objec{ size
d. If [partial intrusion of an object into.the detection zone as shown by the dimension [d; in
Figune AA.6 leads to detection, then.thie dimension d; will be added to the minimum distapce S
to enlsure the correct distance between the hazard zone and an object (see Figure AA.7).
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Figure AA.7 — Overall minimum distanée S, without tolerance zone — Example 2
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see Figure AA.6

Figure AA.8 — Overall minimum distance S, including tolerance zone — Example 2
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To achieve the required minimum probability of detection, the tolerance zone has to be
considered in addition to the detection zone. The tolerance zone depends on position
accuracy composed of systematic and random influences. Even if a position of a test piece
falls into the tolerance zone this test piece will be determined as detected and the OSSDs will
go to the OFF-state or remain in the OFF-state.

AA.4.2 Application examples for body detection of an AOPDDR-3D

The application example shows a robot working station (Figure AA.9). The entry of persons is
prevented on two sides by walls or safety fences (top view). The entry from the other two
sides is monitored by an AOPDDR-3D. If a person enters the detection zone the robot stops
its mpveTmeTTt;

The |safety distance S should be calculated in accordance with the examples~given in
Clause AA.4 and the AOPDDR-3D accompanying documents. Furthermore thé/ distante to
walls| (a) the distance to the floor (b) and the height of the detection zone“(H) should be
calcylated in accordance with the AOPDDR-3D accompanying documents and the| risk
assegsment.

The AOPDDR-3D can be mounted at different positions. Side view 1" and side view 2 show
two possible solutions and the shape of the resulting detection\zone (4) and the adjacent
tolerance zone (5).
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Top view

Side view 1 Side view 2
(AOPDDR-3D position 1) (AOPDDR-3D position 2)

Key

1 AOPDDR-3D position 1 S, overall minimum distance according AA.4.1.2
2 AOPDDR-3D position 2 H height of detection zone

3 robot a distance to walls

4 detection zone b distance to the floor

5 tolerance zone

6 direction of approach

7 hazard zone

Dimensions a and b should be determined during risk assessment.

Figure AA.9 — Application example for body detection of an AOPDDR-3D


https://iecnorm.com/api/?name=3d5784aa9616996de287dd58378a9fa8

- 78 — IEC 61496-3:2018 © |IEC 2018

AA.5 Examples of the use of an AOPDDR

AA.5

.1 General

Part of the risk assessment is the correct dimensioning and locating of the detection zone.
Especially distances to parts of machines or walls as shown in Figure AA.9 have to be
dimensioned such that an undetected passage of a person towards the hazard is not possible
(see dimension a) or other measures have to be taken. For example the following measures

are a

pplicable:

— distance from detection zone border to a wall is small enough to avoid undetected

p
- m
- 0
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€
AA.5
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|
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ASSaye of a persomtowards the trazard(see AAS2);
echanical barriers;

verlap by the tolerance zone (see AA.5.3);

ference boundary monitoring (see AA.5.4).

.2 Limited distance

btermine if the distance from a detection zone to a wall (TZ + Id in-Figure AA.10) is
ph to avoid an undetected passage of a person towards the hazard the follg
nces have to be analysed:

inimum detectable object size (d);

bsition accuracy of the AOPDDR and resulting toleranee zone (T2);

Ipplier information to achieve availability in operation, for example limited distan
om tolerance zone to wall;

cation and stability of detection zone during eperation.

small
wing

ce Id
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Figure AA.10 — Limited distance
Figune AA.10 shows_the" distribution of measurement values on an object to be detectdd. In
accofdance to Formula (AA.10) the probability that an object is identified as to be insidg the

detegtion zone_idis\'sufficient. For simplification, Figure AA.10 shows only the probabijlistic
aspefts of theddistribution of measurement values.

d>TZ +1d (AA.10)

where:

Id is the limited distance;

TZ is the dimension of the tolerance zone,;

d is the dimension representing the diameter of the test piece.

NOTE To achieve the minimum required probability of detection, the tolerance zone is added to the detection
zone; see Annex BB for further explanation.

AA.5.3 Overlap by the tolerance zone

To determine if an overlap by the tolerance zone (o0 in Figure AA.11) is sufficient to avoid an
undetected passage of a person towards the hazard, the following influences have to be
analysed:
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— minimum detectable object size (d);

— position accuracy of the AOPDDR and resulting tolerance zone (TZ2);

— location and stability of detection zone during operation.

For positioning the detection zone, also the possibility of an undetected passage of a person

between detection zone and other parts of a wall or machinery should be taken into account
during risk assessment.

Top view
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1 AQPDDR used as a whole body trip deyice with orthogonal approach
2 wgll

3 defection zone

Figure AA.11 — Overlap

Figune AA.11 shows.the distribution of measurement values on an object to be detected.|With
TZ z|d, an object-inay pass in direction to the hazard. To avoid such a situation, an overlap
has fo be added; i.e. d + 0 > TZ. The overlap shown in Figure AA.11 can be calculatad by
Formula (AAX1). For simplification, Figure AA.11 shows only the probabilistic aspects qf the
distripution;of measurement values.

0>TZ-d (AA.11)

where

0 is the necessary overlap of a solid barrier, for example a wall as shown in Figure AA.11;
TZ is the dimension of the tolerance zone;

d is the dimension representing the diameter of the test piece.

AA.5.4 Reference boundary monitoring

Reference boundary monitoring is a measure that compares reference distances and
distances measured by the AOPDDR. The reference distance is the real distance between the
AOPDDR and a boundary (for example a wall). To determine if reference boundary monitoring
is sufficient to avoid an undetected passage of a person towards the hazard the following
influences have to be analysed:
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— minimum detectable object size (d);
— position accuracy of the AOPDDR and resulting tolerance zone (TZ);

— position accuracy of the AOPDDR and resulting tolerance zone regarding the boundary
(TZg);
— location and stability of detection zone during operation.

ey
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| |
| L | |
50 30 -10l10c 30 b5c

| L~
o |
L L
-5¢ =30 Acol1e 30 5o
L~
L~
e
1z, | 12, P
[ L~

<>

Key
1 reference boundary

2 mipimum detectable obje€tsize (d)
3 tolerance zone (TZ)
4

tolerance zone regarding the boundary (TZy)

NOTE| The value'of TZg is taken as 3o only as an example. The supplier has to specify this value.

Figure AA.12 — Reference boundary monitoring — Distribution of measurement valnres

Figure AA.12 shows the distribution of measurement values on an object to be detected. With
d > TZ + TZp, the probability that an object is identified is sufficient. For simplification,
Figure AA.12 shows only the probabilistic aspects of the distribution of measurement values.

AA.6 Detection zone angled to the direction of approach — orthogonal approach

According to ISO 13855:2010, 6.4, foreseeable angles of approach greater than 30° should be
considered orthogonal approach and foreseeable angles of approach less than 30° should be
considered parallel approach. Figure AA.13 and Figure AA.14 show orthogonal approaches.
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Higure AA.13 — AOPDDR-2D detection zone angled éthe direction of approach
Orthogonal appro@
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Figure AA.14 — AOPDDR-3D detection zone angled to the direction of approach —
Orthogonal approach
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AA.7 Example for the calculation of the response time of an AOPDDR-2D

Device example:

— scanning AOPDDR-2D with rotating mirror;
— mirror rotation frequency 20 Hz (T = 50 ms), tolerance = 4 %;

— detection criterion: detection in two consecutive 180°-scans.

Calculation of response time:

—  twofull mirror circulations for detection: 100 ms
— maximum time to finish 180° scan (half circulation): 25 ms
— eyaluation time after 180°-scan: 15 ms
— nfirror rotating tolerance (4 % of 125 ms): 5ms

— relay drop-out time of the AOPDDR-2D: 15 ms
Totall AOPDDR-2D response time: 160ym’s

NOTE| Faults leading to an undetected increase of the relay drop-out time areynpt taken into account within the
calculgtion. The possibility of an occurrence of such an undetected increase depends on the design.
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Annex BB
(informative)

Relationship between position accuracy and probability of detection

NOTE IEC TS 61496-4-3:2015, Annex BB, describes a method to determine the position accuracy without using
object distance information.

Probability of detection (POD) as used in this document is determined by the accuracy of
measurement and is not related to the probability of faults. The probability that a test piece
placed at the border of the detection zone is measured as being inside the detection zone can
be cglculated by using the standardized distribution function as follows:

0
2

1
F(z) = — e 2dz
(2) o

F=05

This [calculation is based on the assumption that the measurement values follow a normal
(Gaupsian) distribution. Figure BB.1 shows the relationship between position accuracy and
detegtion zone.
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standardized normal distribution of the measurement values

Figure BB.1 — Relationship between position accuracy and detection zone

Without any addition to the detection zone, the probability of detection would be unacceptably
low. It is a requirement of this document that the supplier states this addition which is called
the tolerance zone. Figure BB.2, Figure BB.4 and Figure BB.5 show how the required
probability of detection is achieved by the addition of this zone. Several different influences
contribute to the tolerance zone as defined in this document. Figure BB.4 and Figure BB.5
show the complete tolerance zone. Figure BB.2 shows only the part that is related to
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probability. The remainder of the tolerance zone in Figure BB.4 and Figure BB.5 takes into
account systematic interferences, etc.

The probability that a test piece placed at the border of the detection zone is measured as
being inside the detection zone or in the supplement of 50 (tolerance zone in Figure BB.2)
can be calculated by using the standardized distribution function (i.e. o = 1) as follows:

1 50 5
z
F(Z) = E J- e 2dz

F=1-29x1077

This [calculation is based on the assumption that the measurement values follow a normal
(Gaupsian) distribution. Figure BB.2 shows the relationship between position accufacy,
detegtion zone and that part of the tolerance zone which is related to probability. Theg test
piecqd as shown in Figure BB.2 will be measured as inside the detection zone wjth a
probability of 0,5. When configuring the AOPDDR zone, the valuecot the tolerance |zone
should be added to the calculated safety distance (detection zone), Then, the probability that
it will be measured as inside the detection zone or the tolerance zone is 1 — 2,9 x 107,
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5 standardized normal distribution of the measurement values

Figure BB.2 — Relationship between position accuracy, detection zone
and the probabilistic part of the tolerance zone — Example 1
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Figure BB.3 — Relationship between position accuracy, detection zone
and the probabilistic part\of the tolerance zone — Example 2

plerance zone. At a position shown in Figure BB.3 the probability that it will be meas
Side the detection zone or the tolerance zone is 0,0228. Due to this, when configurin
tion zone and the tolerance zone, it has to be observed that reliability in operatior
be ensured if the outer border of the tolerance zone is far enough away fro
unding environment,for example walls or machine parts — see also item ccc) of Cla

tolerance zene”is also affected by influences that are not probabilistic, suc
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This part of the tolerance zone is related to systematic interferences, measurement resolution, etc.

Figure BB.4 — Relationship between, position accuracy, detection zone
and tolerancezone — Example 1
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Figure BB.5 — Relationship between, position accuracy, detection zone
and tolerancezone — Example 2

determination of the required™\"probability of detection is in accordance
1508-1:2010, Table 3. Considering a factor for the frequency of penetration o
tion zone of 3/h, the probability of non-detection of the specified test pieces withi
tion zone(s) is limited ta::2,9 x 10~7. As shown above, this leads to a supplement
e calculation of the tolerance zone.

oM-evaluation with M > 1 (for example, 3 out of 3) or a NooM-evaluation with N < N
ple, 2 out of'3) as a detection criterion, the value given for the probability of dete
o be fulfilled. In the case where a MooM-evaluation with M > 1 is used, the req
bility of detection of a single measurement will be higher than for a lool-evalu
e BB6" shows the relationship between M and POD of a single measureme
ithmie’ terms. Figure BB.7 shows the probability of detection POD of a g
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SECURITE DES MACHINES -
EQUIPEMENTS DE PROTECTION ELECTRO-SENSIBLES —

Partie 3: Exigences particuliéres pour les équipements
utilisant des dispositifs protecteurs optoélectroniques
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actifs sensibles aux réflexions diffuses (AOPDDR)

AVANT-PROPOS

Commission Electrotechnique Internationale (IEC) est une organisation mondiatesJde normali
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux-~de WIEC). L'IEC
et de favoriser la coopération internationale pour toutes les questions de normalisation dans les don
I'électricité et de I'électronique. A cet effet, I'|EC — entre autres activités — publie.dés Normes internati
5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS)
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée'a des comités d'étude
lvaux desquels tout Comité national intéressé par le sujet traité pedt participer. Les organis
prnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égaleme

aux. L'IEC collabore étroitement avec I'Organisation Internationdle ;,de Normalisation (ISO), selo|
hditions fixées par accord entre les deux organisations.

5 décisions ou accords officiels de I'lEC concernant les questions’/techniques représentent, dans la n
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg
Eressés sont représentés dans chaque comité d'études.

5 Publications de I'lEC se présentent sous la forme «de recommandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous ‘les efforts raisonnables sont entrepris afin qug
ssure de I'exactitude du contenu technique de ses_publications; I'lEC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui‘eh est faite par un quelconque utilisateur final.

ns le but d'encourager l'uniformité internationalé, les Comités nationaux de I'lEC s'engagent, dans tg
sure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre_toutes Publications de I'IEC et toutes publications national
ionales correspondantes doivent étre-indiquées en termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépe
rnissent des services d'évaluatign de conformité et, dans certains secteurs, accedent aux marqu
hformité de I'IEC. L'IEC n'estresponsable d'aucun des services effectués par les organismes de certifi
épendants.

une responsabilité.ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
ompris ses experts _particuliers et les membres de ses comités d'études et des Comités nationaux de
Ur tout préjudicercausé en cas de dommages corporels et matériels, ou de tout autre dommage de q
ure que cess0it, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice)
penses découlant de la publication ou de ['utilisation de cette Publication de I'EC ou de toute
blication\de’I'lEC, ou au crédit qui lui est accordé.

ttention est attirée sur les références normatives citées dans cette publication. L'utilisation de public
érencées est obligatoire pour une application correcte de la présente publication.

us les utilisateurs doiventss'assurer qu'ils sont en possession de la derniére édition de cette publication|
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9) L’attention est attirée sur le fait que certains des e€léments de Ta présente Publication de TTEC peuvent faire
I'objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de

brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61496-3 a été établie par le comité d'études 44 de I'IEC:

Sécu

rité des machines — Aspects électrotechniques.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2008. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) extension du domaine d'application de 'AOPDDR-2D a I'AOPDDR-3D;
b) extension du domaine d'application de 'ESPE de type 3 a I'ESPE de type 2;
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mise en ceuvre des exigences et des procédures d'essai pour 'AOPDDR-3D et I'ESPE de
type 2;
énumération de la surveillance des limites de référence comme fonction facultative de
I'ESPE;

mise en ceuvre des instructions pour le positionnement de I'AOPDDR-3D par rapport aux
parties du corps;

revue des exigences pour la combinaison des défauts uniques avec les conditions
concernant I'absence de défaillance dangereuse, voir par exemple le dernier alinéa de
4.2.2.4.

FDIS Rapport de vote

44/831/FDIS 44/837/RVD

Le relpport de vote indiqué dans le tableau ci-dessus donne toute information‘sur le vote ayant
u

i a l'approbation de cette norme.

Lorsqu'un article ou un paragraphe particulier de I''EC 61496-1:2012 n'est pas mentionné

dan
rais

s| ce document, cet article ou ce paragraphe ‘s'appligue pour autant que celal soit
ohnable. Lorsque le présent document indique «addition» ou «remplacement», le fexte

corrgspondant de I'lEC 61496-1:2012 est adapté en conséquence. Les articles e} les
paragraphes complémentaires a ceux de I'lEC;61496-1:2012 sont nhumérotés dans l'ordre, a
partif du dernier numéro disponible dans I'lEC 61496-1:2012. Lorsqu’aucun numéro
dispgnible n'existe, les paragraphes complémentaires sont numérotés a partir de 101] Les

Anngxes complémentaires sont appelées’AA et BB.

Une Jiste de toutes les parties de la série IEC 61496, publiées sous le titre général Ségurité

des

web fe I'lEC.

machines — Equipements:de’ protection électro-sensibles, peut étre consultée sur l¢ site

Le comité a décidé que e contenu de cette publication ne sera pas modifié avant la date de
stabi|ité indiquée sur, e site web de I''EC sous "http://webstore.iec.ch” dans les données

relatives a la publigation recherchée. A cette date, la publication sera

-

g¢conduijte,

slipprimée,

-

emplacée par une édition révisée, ou

amendée.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

Un équipement de protection électrosensible (ESPE - electro-sensitive protective equipment)
est appliqué aux machines qui présentent un risque de préjudice corporel. Il offre une
protection en permettant a la machine de recouvrer un état de sécurité avant qu'un individu
ne puisse se retrouver dans une situation dangereuse.

Cette partie de I'|EC 61496 compléete ou modifie les articles correspondants de I'lEC 61496-1
pour définir des exigences particulieres de conception, de construction et d'essais
d'équipements de protection électrosensibles (ESPE) pour la sécurité des machines, utilisant
pour la fonction de détection des dit:lnnqirifq protecteurs nlnfnélpr'rrnninlnpq actifs sensibles
aux [éflexions diffuses (AOPDDR - active opto-electronic protective devices responsiye to
diffuge reflection).

Chadue type de machine présente ses propres dangers (phénomeénes dangereux); et I'objectif
du présent document n'est pas de recommander la méthode d'applicationcde’I'ESPE § une
machine particuliere. L'application de L'ESPE fait I'objet d'un accord entre,{e fournisseyir de
I'équlpement, l'utilisateur de la machine et l'organisme de sécurité~ Dans ce contexte,
I'atteption est attirée sur les recommandations internationales concernées, par exemple
I'EC|62046 et I'lSO 12100.

En raison de la complexité de la technologie déployée, de nombreuses questions dépemndent
dans|une large mesure de l'analyse et de I'expertise en niatiere de techniques d'essai gt de
mesure spécifigues. Une revue indépendante par une,expertise adaptée est recommandée
pour |garantir un niveau de confiance élevé.
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SECURITE DES MACHINES —
EQUIPEMENTS DE PROTECTION ELECTRO-SENSIBLES —

Partie 3: Exigences particuliéres pour les équipements
utilisant des dispositifs protecteurs optoélectroniques
actifs sensibles aux réflexions diffuses (AOPDDR)

1 Domaine d'application

La présente partie de I'lEC 61496 définit les exigences complémentaires de cenceptiop, de
consfruction et d'essai d'équipements de protection électrosensibles (ESPE) cdncus
spéclalement pour détecter des personnes ou des parties de personnes, comime partie|d'un
systgme relatif a la sécurité, utilisant pour la fonction de détection des dispositifs protecteurs
optoglectroniques actifs sensibles aux réflexions diffuses (AOPDBR). Une attention
parti¢uliere est portée aux exigences assurant qu'une performancepappropriée relative| a la
sécufité est atteinte. Un ESPE peut comprendre des fonctionS\'relatives a la ségurité
faculjatives, leurs exigences étant indiquées dans I'Annexe A du“présent document et [dans
I'Annexe A de I'lEC 61496-1:2012.

Le pfésent document ne définit ni les dimensions, ni la configuration de la zone de détegtion,
ni sop emplacement par rapport aux parties dangereuses dans une application quelconqgde, ni,
enfinf ce qui constitue un état dangereux pour {Un€ machine donnée. Elle se limite au
fonctjonnement de I'ESPE, et & son interface avec.fa machine.

Les AOPDDR sont des dispositifs qui compartéent soit

c

ne ou plusieurs zones de détection bidimensionnelles (AOPDDR-2D), ou

c

he ou plusieurs zones de détection tridimensionnelles (AOPDDR-3D)

dans|laquelle ou lesquelles le rayonnement dans le champ proche infrarouge est émis par un
ou des émetteurs. Lorsque-\e-rayonnement émis rencontre un objet (une personng par
exemnple ou une partie de“son corps), une partie du rayonnement émis est réfléchj par
réflexion diffuse sur un _ou des récepteurs. Cette réflexion permet de déterminer la positign de
I'objdt.

Les [équipements optoélectroniques qui réalisent un seul mesurage de distgnces
unidimensionneltes ponctuelles, par exemple, les détecteurs de proximité optiques, ne|sont
pas gouverts\par le présent document.

Le présént document ne traite pas des aspects exigés pour une classification compleXe ou
une différenciatiom detobjetdétects:

Le présent document ne traite pas des exigences et des essais pour une application
extérieure.

Les AOPDDR utilisant des longueurs d'onde de créte de rayonnement hors de la plage de
820 nm a 950 nm ainsi que ceux dont les longueurs d'onde de rayonnement sont différentes
de celles générées par 'AOPDDR lui-méme sont exclus du présent document. Ce dernier
peut servir de guide pour les dispositifs de détection qui utilisent des longueurs d'onde de
rayonnement hors de cette plage. Le présent document est approprié pour les AOPDDR
disposant d'une taille minimale de I'objet détectable dans la plage comprise entre 30 mm et
200 mm.
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Le présent document peut se révéler approprié pour des applications autres que la protection
des personnes, par exemple la protection des machines ou des produits contre des
dommages meécaniques. Dans ces applications, des exigences différentes peuvent étre
appropriées, par exemple lorsque les matieres qui doivent étre reconnues par la fonction de
détection possedent des propriétés différentes de celles des personnes et de leurs vétements.

Le présent document ne traite pas des exigences d'émission concernant la compatibilité
électromagnétique (CEM).

2 Références normatives

L'Article 2 de I'lEC 61496-1:2012 s'applique, a I'exception de ce qui suit.
Addition:

IEC $0068-2-14, Essais d'environnement — Partie 2-14: Essais — Essai-N: Variation de
tempgrature

IEC $0068-2-75, Essais d'environnement — Partie 2-75: Essais — Essai Eh: Essais au malfteau

IEC TR 60721-4-5, Classification des conditions d'environneiment — Partie 4-5: Guide pqur la
corrdlation et la transformation des classes de conditions d‘environnement de la CEl 60721-3
en egsais d'environnement de la CEI 60068 — Installations des véhicules terrestres

IEC $0825-1:2014, Sécurité des appareils a laser — Partie 1. Classification des matérigls et
exiggnces

IEC $1496-1:2012, Sécurité des machines = Equipements de protection électro-sensibles —
Partie 1: Prescriptions générales et essai§

IEC 62471, Sécurité photobiologiqueydes lampes et des appareils utilisant des lampes

ISO 13855:2010, Sécurité des-machines — Positionnement des moyens de protection par
rapport a la vitesse d'approche des parties du corps

ISO 20471:2013, Vé&tements a haute visibilité — Méthodes d'essai et exigences

3 Termes et/définitions

L'Article 83'de I'lEC 61496-1:2012 s'applique, a I'exception de ce qui suit.

Remplacement de 3.3 et 3.4:

3.3

capacité de détection

capacité a détecter les éprouvettes spécifiées (voir 4.2.13) a l'intérieur de la zone de
détection spécifiée

Note 1 a l'article: Une liste des influences qui peuvent affecter la capacité de détection de I'AOPDDR est indiquée
en 4.2.12.1.

Note 2 a l'article: La capacité de détection est souvent décrite par la taille minimale de I'objet détectable et la
réflectivité de I'objet. Le fournisseur peut définir deux valeurs ou plus comme taille minimale de I'objet détectable,
en fonction par exemple des distances ou des conditions de montage. Pour un AOPPDR bidimensionnel, la taille
minimale de I'objet détectable correspond au diamétre de I'éprouvette cylindrique.
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3.4

zone de détection

zone dans laquelle la ou les éprouvettes spécifiées (voir 4.2.13) sont détectées par
I'AOPDDR avec une probabilité de détection minimale exigée (voir 4.2.12.2)

Note 1 a l'article: Une zone de tolérance est nécessaire pour obtenir la probabilité exigée de détection de la ou
des éprouvettes spécifiées a l'intérieur de la zone de détection.

Addition:

3.301

dISp JDItIf PIUtC\JtCUI Uthé:CbtlUll;un abtlf DCIID;b:C AUA Iéf:CI\;UIID d;ffuoca
AOPDPDR

dispgsitif dont la fonction de détection est réalisée par des émetteurs et s€eepteurs
optoglectroniques détectant la réflexion diffuse des rayonnements optiques)généréds, a
I'intéfieur du dispositif, par un objet présent dans une zone de détection spécifiece a deyx ou

trois dimensions

Note 1 a l'article: Un récepteur peut étre constitué d'un élément optique/d'une matrice.d"é¢léments optiques ¢t d'un
ou de |plusieurs détecteurs ou d'une ou de plusieurs matrices de capteurs.

Note 4 a l'article: L'abréviation «<xAOPDDR» est dérivée du terme anglais développé correspondant «active| opto-
electrgnic protective device responsive to diffuse reflection».

3.302
AOPPDR bidimensionnel
AOPDDR qui comporte une ou plusieurs zones de détection spécifiées a deux dimension$

Note 1 a l'article: Par exemple, dans le cas ou une zone tridimensionnelle n'est pas plus importante que 14 taille
minimple de I'objet détectable, 'AOPDDR est alors considéré/comme bidimensionnel (voir Figures 1 et 2).

Note 4 a l'article: Un exemple typique d'AOPDDR bidimensionnel est un lecteur laser qui mesure la distange par
la détgrmination du temps de parcours nécessaire_a uhe impulsion pour aller du dispositif de détection a ur objet
et inversement. Un AOPDDR bidimensionnel gdiscomporte deux zones de détection ou plus peut mesyrer la
distange dans différents plans.

Note 3 a l'article: L'abréviation «<AOPDDR»”est dérivée du terme anglais développé correspondant «active| opto-
electrgnic protective device responsive_to-diffuse reflection».

3.301
AOPPDR tridimensionngl
AOPDDR qui comporte.une ou plusieurs zones de détection spécifiées a trois dimensions

Note 1 a l'article: Parexemple, dans le cas ou une zone tridimensionnelle telle que spécifiée par le fournfisseur
est plys importante) glie la taille minimale de I'objet détectable, 'AOPDDR est considéré comme tridimensionnel
(voir Figures 1 et,2). La ou les zones de détection peuvent étre montées par exemple comme un volume|d'une
forme|pyramidale-ou conique.

Note 3 & l'article: Les exemples typiques d'’AOPDDR tridimensionnels sont les lecteurs laser a deux riroirs
rotatifg perpendiculaires ou des caméras temps de vol (TOF — time-of-flight) qui mesurent la distance sur plusieurs
pixels. UM AOPDDR Tridimensionnel qui comporte deux ZONes de detection ou pius peut mesurer ta distance dans
différents volumes.

Note 3 a l'article: L'abréviation «kxAOPDDR» est dérivée du terme anglais développé correspondant «active opto-
electronic protective device responsive to diffuse reflection».

3.304

distance d'essai de base

BTD

rayon, respectivement largeur et longueur (ou valeurs équivalentes), de la zone de détection
utilisées pour le montage d'essai

Note 1 a l'article: Pour la dimension de la BTD, voir 5.1.1.2.

Note 2 a l'article: L'abréviation «BTD» est dérivée du terme anglais développé correspondant «basic test
distance».
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entral

droite passant par le point d'origine de mesure de la distance et le centre de la zone de
détection maximale indiquée par le fournisseur

Note 1

3.306
axe a

a l'article: Voir Figure 1 et Figure 2.

ngulaire

droite passant par le point d'origine de mesure de la distance et définie par la limite de la

zone de détection

Note 1 a l'article: Voir Figure 1 et Figure 2.

3.307

zonelde détection minimale

dimepsion minimale de la zone de détection nécessaire pour assurer l'intégritéde la cap
de detection

3.308

préc|sion de position
précision bi- ou tridimensionnelle de la position d'un objet mesuréepar 'AOPDDR

acité

3.309

zonelde tolérance

TZ

zone| a l'extérieur et voisine de la zone de détection dans laquelle la ou les éprouvettes
spécifiées (voir 4.2.13) sont détectées avec une probabilité de détection inférieure|a la
probabilité exigée a l'intérieur de la zone de détéction

Note 1 a l'article: La zone de tolérance est nécessairé pour obtenir la probabilité exigée de détection de la gu des
éprouyettes spécifiées a l'intérieur de la zone de,détection.

Note 4 & l'article: Se reporter a I'Annexe BB pour une explication de la notion de probabilité de détection ef de la
zone de tolérance.

Note 3 a l'article: L'abréviation «TZ»est dérivée du terme anglais développé correspondant «tolerance zong».
3.31(

zonela capacité de défection limitée

zone| entre la fenétre‘\optique et le commencement de la zone de détection dans laque]le la
capafité de détection’n'est pas obtenue

Note 1 a l'article:™"Les dimensions et l'information pour utilisation appropriée de la zone a capacité de défection
limitéq sont indiquées par le fournisseur.

Addillion:

3.101 Abréviations

AGV automated guided vehicle (véhicule a guidage automatique)

BTD basic test distance (distance d'essai de base)

POD probability of detection (probabilité de détection)

TZ tolerance zone (zone de tolérance)
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4 Prescriptions de fonctionnement, de conception et d'environnement

4.1 Prescriptions de fonctionnement
4.1.3 Types d'ESPE

Remplacement:

2018

Dans le présent document, seuls I'ESPE de type 2 et I'ESPE de type 3 sont pris en
considération. Les performances des types sont différentes en présence de défauts et en
raison des influences des conditions environnementales. Il incombe au fournisseur de la

machine et/ou a son utilisateur d'indiquer quel type convient a une application particuliersg.

L'ESPE de type 2 doit satisfaire aux exigences de détection des défauts de 4.2.2,3"dU prg
document. En fonctionnement normal, chacun des circuits de sortie d'aw ‘moins
dispgsitifs de commutation du signal de sortie (OSSD — output signal switching device

bsent
deux
5) ou

d'un [dispositif de commutation du signal de sortie (OSSD) et d'un dispositif'\de commutation

secopdaire (SSD - secondary switching device) de I'ESPE de type 2 .doit passer a
INAQTIF lorsque le dispositif de détection est actionné ou lorsqueUe-dispositif n'est
alimgnté.

L'ESPE de type 3 doit satisfaire aux exigences de détection des-défauts de 4.2.2.4 du pre
document. En fonctionnement normal, chacun des circuits” de sortie d'au moins
dispgsitifs de commutation du signal de sortie (OSSD) de 'ESPE de type 3 doit passer a
INAQTIF lorsque le dispositif de détection est actionné ou lorsque le dispositif n'est
alimgnté.

I'état
plus

bsent
deux
I'état

plus

Lorsqu'une seule interface de données relatives.a’'la sécurité sert a exécuter les fonctions du

ou de¢s OSSD, celle-ci et l'interface de comm@unication relative a la sécurité associée dg
satisfaire aux exigences de 4.2.4.4. Dans Ce'cas, une seule interface de données relati
la séfpurité peut remplacer deux OSSD dans un ESPE de type 3.

Additfion:

4.1.6] Zone(s) a capacité de\détection limitée

De facon a assurer qu'atcun danger ne puisse survenir dans une application particulié
raisop de la présence~d'Une ou de plusieurs zones a capacité de détection limitée ent
fenéfre optique et (Ia;zone de détection, les dimensions de la zone et l'information
utilisation appropriée doivent étre indiquées par le fournisseur.

Si lajzone al'capacité de détection limitée s'étend de plus de 50 mm par rapport a la fe
optigue enidirection de la ou des zones de détection, des mesures techniques effig

ivent

es a

e en
re la
pour

nétre
aces
bctée

d'objets,—de persc
détection limitée.
4.2 Prescriptions de conception

4.2.2 Prescriptions de détection des défauts

4.2.2.2 Prescriptions particuliéres pour un ESPE de type 1

Le 4.2.2.2 de I'lEC 61496-1:2012 ne s’applique pas.

cité de
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4.2.2.3 Prescriptions particuliéres pour un ESPE de type 2

Remplacement:

Un ESPE de type 2 doit comporter un dispositif d'essai périodique permettant d'identifier une
défaillance dangereuse (par exemple, perte de capacité de détection, temps de réponse
supérieur a celui spécifié).

L'essai doit étre effectué également avec I'ESPE sous tension avant de passer a I'état ACTIF
et a chaque réinitialisation.

Selof I'application, il peut étre nécessaire d'effectuer I'essai périodique plus souvent afin
d'obtenir les performances souhaitées en matiere de sécurité. Les normes géngériguds de
sécufité fonctionnelle définissent des exigences concernant la régularité avec. laquellg les
essals périodiques doivent étre réalisés afin de satisfaire aux exigences relatives’a certaines
perfgrmances en matiére de sécurité.

NOTE|1 L'essai périodique peut étre déclenché par un dispositif externe ou interne.

Lorsque les essais périodiques ne permettent pas d'identifier une \défaillance dangerguse,
d'autfes mesures équivalentes doivent étre appliquées.

Un dgfaut unique donnant lieu a la perte de la capacité de détection indiquée de 'AORDDR
ou a l'accroissement du temps de réponse au-dela dudtemps spécifié ou empéchant le
passfge d'un ou de plusieurs OSSD a I'état INACTIF dbit provoquer une condition de blgcage
a l'aryét par suite de I'essai périodique suivant.

Un défaut unique donnant lieu a la détérioration de la capacité de détection indiquée de
I'AORDDR doit provoquer une condition de.blocage a l'arrét au moins par suite de I'essai
périogdique suivant. Si le cycle d’essai périodique est inférieur a 5s, la détérioration fle la
capafité de détection indiquée de 'AOPDDR doit alors étre détectée dans un délai de 5 §.

NOTE|2 Les exemples de détérioration de(la capacité de détection de 'AOPDDR incluent
— l'augmentation de la taille minimalé\de I'objet détectable,
— l'augmentation de la réflectivité~-minimale détectable, et

alréduction de la précision de position.

L'ocqurrence de défauts uniques doit étre prise en considération par analyse et/ou essai|dans
chacline des conditions suivantes et dans toute la zone de détection:

(%]

pnditions €avironnementales spécifiées en 4.3;
— apx limjites“d'alignement et/ou de réglage.

Lorsquiil gst prévu de déclencher I'essai périodique par un systéme de commande exferne
relatit 3 dcurité D3 exemple—une ..__..- 'ES M a n i
d'entrée appropriées (par exemple, des bornes).

La durée de I'essai périodique doit étre telle qu'elle n'altére pas la fonction de sécurité prévue,
notamment si 'ESPE est destiné a étre utilisé comme dispositif de déclenchement.

En cas de déclenchement automatique de I'essai périodique, le déroulement correct de I'essai
périodique doit étre contrélé. En cas de défaut, un signal doit indiquer a I'OSSD ou aux OSSD
de passer a I'état INACTIF. Le non-passage a I'état INACTIF d'un ou de plusieurs OSSD doit
entrainer une condition de blocage a l'arrét.

Un ESPE ne comportant gu'un seul OSSD doit comporter au minimum un SSD (voir
I'Article A.4 de I'IEC 61496-1:2012).
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.4 Prescriptions particuliéres pour un ESPE de type 3

Remplacement:

2018

Un défaut unique du dispositif de détection donnant lieu a une perte compléete de la capacité
de détection indiquée de 'AOPDDR doit provoquer le passage de I'ESPE a la condition de
blocage a I'arrét dans les limites du temps de réponse spécifié.

NOTE 1 En ce qui concerne les AOPDDR utilisant des miroirs rotatifs pour balayer la zone de détection, cette
exigence peut étre satisfaite en balayant un objet de référence défini situé a I'extérieur de la zone de détection et
de la zone de tolérance.

Un difaut unique donnant lieu a une détérioration de la capacité de détection indiqué

I'AOH
de 5

NOTE|

d

d

al
Und
spéc
pass

ou immédiatement selon les sollicitations suivantes lorsque la détection de défaut exig

chan

parti
faiblg

Dans
déteq
dang

L'ocd
chac

DDR doit provoquer le passage de I'ESPE a la condition de blocage a l'arrét.;en n
S consécutivement a I'apparition de ce défaut.

2 Les exemples de détérioration de la capacité de détection de I'AOPDDR incluent
ugmentation de la taille minimale de I'objet détectable,

ugmentation de la réflectivité minimale détectable, et

réduction de la précision de position.

Bfaut uniqgue donnant lieu a un accroissement du temps de réponse au-dela de la v,
fiee ou empéchant au moins un OSSD de passer a J‘état INACTIF doit provoqu
hge de I'ESPE a une condition de blocage a l'arrét dans les limites du temps de rép

jement d'état:

I'activation de la fonction de détection;
la mise hors/sous tension;

la réinitialisation du verrouillage du démarrage ou du verrouillage du redémarrag
hs échéant (voir Articles A.5 et A.6 deM'|EC 61496-1:2012);

I'application d'un signal d'essai externe, le cas échéant.

ignal d'essai externe peut étre exigé lorsque, par exemple, dans une applic
uliére, il est prévisible gue la fréquence d'activation de la fonction de détection
et que les OSSD ne seront surveillés que lors du changement d'état.

les cas ou un défaut unique qui ne provoque pas de défaillance dangereuse n'es
té, l'occurrence,~d'un défaut supplémentaire ne doit pas provoquer de défaill
preuse. Pourtla vérification de cette exigence, voir 5.3.4.

urrence\de défauts uniques doit étre prise en considération par analyse et/ou essai
ine des conditions suivantes et dans toute la zone de détection:

e de
noins

aleur
er le
bnse,
e un

e, le

ation
sera

[ pas
ance

dans

- C

nditions environnementales spécifiées en 4.3:;

— aux limites d'alignement et/ou de réglage.

4.2.2

Le 4.

.5 Prescriptions particuliéres pour un ESPE de type 4

2.2.5de I'lEC 61496-1:2012 ne s’'applique pas.

Addition:
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4.2.12 Intégrité de la capacité de détection de I'AOPDDR
4.2.12.1 Généralités

La conception de I'AOPDDR doit assurer que la capacité de détection n'est réduite en
dessous des limites spécifiées par le fournisseur et dans le présent document par aucun des
facteurs suivants, entre autres:

a) réflectivité des objets dans la plage définie pour les éprouvettes a détecter;

b) position, taille et nombre des objets a l'intérieur de la zone de détection;

c) taille des zones de détection;

d) re¢glage automatique, par exemple:
commande de gain;

fréquence d'échantillonnage;

) temps d'obturation;
caractéristiques optiques;

e) propriétés/limitations de I'émetteur/récepteur, de Il'optique et duptraitement des sigfaux,

1

2

3

4

p

ppr exemple:
1) bruit de signal;

2) plage dynamique;

3) sensibilité et uniformité (par exemple, pixels froids et chauds);
4) mini-lentilles;

5) modification des caractéristiques;

é

alonnage du dispositif de détection;

g) précision de la position des objets dansxla‘ou les images;
h) x limites d'alignement et/ou de réglage.

i) cpnditions environnementales spécifiées en 4.3;

i) :Ilérances des composants;

k) odification des caractgristiques des références internes et externes pour garantir la

cppacité de détection.

NOTE|1 Dans certains cas, ilest nécessaire de prendre en considération les limites du capteur par rapport|a son
utilisajion. Par exemple,

— leps objets qui génerent des réflexions de type miroir (spéculaires) ne peuvent pas étre détectés si la parf de la
réflectivité diffuse-est inférieure a celle spécifiée pour I'éprouvette «noire»;

— lal détermination de la réflectivité minimale pour la détection d'obstacles est fondée sur les vétements|d'une
personne;.il €st possible que des objets ayant une réflectivité inférieure a celle qui est prise en compte dans le
piésent document ne soient pas détectés.

NOTE[2\La technique de balayage d'un objet de référence peut satisfaire a l'exigence relative au vieillissement
des composants. D'autres techniques donnant le méme niveau de garantie peuvent étre utilisées.

4.2.12.2 Zone(s) de détection et zone(s) de tolérance

Le fournisseur doit spécifier la ou les zones de tolérance.

Le fournisseur doit prendre en considération les conditions les plus défavorables y compris,
par exemple, le rapport signal/bruit S/N (signal-to-noise) et I'écart type o en tenant compte de
toutes les influences énumérées dans le présent document, ainsi que de toutes les influences
complémentaires spécifiées par le fournisseur (influence de I'environnement, défauts des
composants, réflexions par trajets multiples, etc.).

Le fournisseur doit spécifier les paramétres appropriés de la ou des zones de détection,
notamment la distance de fonctionnement et I'angle de balayage ou le champ de vision. La
géométrie et/ou la fréquence doivent étre suffisantes pour assurer qu'une éprouvette d'un
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diamétre correspondant a la taille minimale spécifiée de I'objet détectable est détectée a la
distance maximale de fonctionnement. Le fournisseur doit spécifier des valeurs comprises
entre 30 mm et 200 mm comme la taille minimale de I'objet détectable par 'AOPDDR. La taille
minimale de I'objet détectable peut dépendre de la distance.

La restriction de la taille minimale de I'objet détectable a une plage de 30 mm a 200 mm est
fondée sur les applications actuelles. Des exigences complémentaires peuvent étre
nécessaires pour des AOPDDR disposant de capacités de détection en dehors de cette plage.

NOTE 1 La capacité de détection d'un AOPDDR bidimensionnel peut étre déterminée par la géométrie optique de
sorte qu'un faisceau complet atteint les éprouvettes spécifiées sur la distance maximale de la zone de détection et
de Ia LUTIT L;C LU;C’:IQIILC puour uric LUIILC}JL;UII pallibu“&lc. DQIID ce Las, ia dibldllbc CIiaeT ;C CCTILNS L; deUX
faiscepux émetteurs adjacents (a I'exception du premier et du dernier) ne dépasse pas la moitié du diamétfe des
éprouyettes. Pour d'autres conceptions, il peut étre plus difficile de procéder a la vérification selon 5,2.[1.2 et
5.2.11, notamment lorsque le mouvement des objets est pris en considération.

Tous|les points présents sur un trajet allant de tout point de la limite de la zone-de détection
au(x) récepteur(s) de 'AOPDDR doivent étre a l'intérieur de la zone de détection ou dans la
zone|a capacité de détection limitée (voir 4.1.6).

La zpne de tolérance dépend des influences systématiques, des ,erreurs de mesure, e la
résolution des valeurs de mesure, etc., et est nécessaire pourvyassurer la probabilité de
détegtion exigée a l'intérieur de la zone de détection. Les, Figures 1 et 2 présenten{ des
exemnples de zones de tolérance.

Les |éprouvettes (voir 4.2.13) doivent étre détectées, avec une probabilité de détdction
minimale de 1 —2,9 x 10~/ a l'intérieur de la ou des‘\zones de détection. Pour obtenir cette
probabilité de détection minimale, la zone de tolérance est ajoutée a la zone de détgction
(voir|Figure BB.2). Méme si la valeur de distance~mesurée d'une éprouvette concorde |avec
une gone de tolérance, cette éprouvette est-définie comme détectée et les OSSD ddivent
passer a I'état INACTIF ou rester a I'état INACTIF.

NOTE|2 La zone de tolérance n'est pas comprisé' dans la zone de détection.

NOTE|3 La probabilité de détection utilisée_dans le présent document n'est pas liée a la probabilité des défquts.

Une pttention particuliére peut.étre nécessaire lorsque la zone de détection de 'AOPDDR est
constituée de plusieurs émeétteurs et/ou récepteurs pour assurer que la capacité de détgction
de I'AOPDDR n'est pas affectée entre les champs de vision de ces éléments.

Lorsqu'une éprouvette-est placée a la limite entre la zone de détection et la zone de tolérfance
(c'esj-a-dire a la_limite de la zone de détection), les valeurs de distance mesurées de [cette
éprolivette doivent étre le point médian de la distribution des valeurs de mesure déterminées
en u:I:Iisant une ‘éprouvette avec une réflectivité d'une valeur quelconque comprise entre|celle
de I'¢prouvette «noire» et celle de I'éprouvette «blanche». Le fournisseur doit documenter la
réflegtivité-de I'éprouvette ainsi que les calculs utilisés.

La valeur pour la précision de position et la zone de tolérance n'est pas nécessairement une
constante. Elle peut, par exemple, dépendre de la distance de mesure. Il peut étre nécessaire
de prendre en considération le fait que la taille des parties de la zone de tolérance peut étre
liée, par exemple, au diamétre de I'éprouvette et a la position du faisceau. Les dimensions de
la zone de tolérance sur les trois axes peuvent étre différentes.

NOTE 4 Sil'AOPDDR a la possibilité de déterminer automatiquement sa ou ses zones de détection, I'erreur sur la
mesure de la distance des valeurs définies est prise en considération lors de la détermination de la zone de
tolérance (voir Article A.11).

NOTE 5 L'Annexe BB donne des informations complémentaires sur la relation entre la précision de position et la
probabilité de détection.
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IEC
Légerlde

1 AQPDDR bidimensionnel

2 syptéme de coordonnées de 'AOPDDR ‘bidimensionnel

3 zofe a capacité de détection limitée-(la détection n’est pas assurée)

4 zope de détection dans laquelte la ou les éprouvettes spécifiées sont détectées par I'AOPDDR ayec la

prebabilité de détection mihimale exigée
5 zope de tolérance (la_détéction n’est pas assurée)

6 zophe de détectionqnaximale (par exemple, distance de fonctionnement maximale et angle de balayage)
7 digtance de forictionnement maximale

8

9

pldn de référence, par exemple, sol

pojnt d'origine de mesure de la distance

10 axp central

11 axe angulaire

Figure 1 — Zone de détection d'un AOPDDR bidimensionnel
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IEC

Légerlde O® .

AQPDDR tridimensi(ﬁpel

1

2 syptéeme de COQ~ ‘ées de I'AOPDDR tridimensionnel

3 zopea cap@ de détection limitée (la détection n’est pas assurée)

4  zope dc?fection dans laquelle la ou les éprouvettes spécifiées sont détectées par I'AOPDDR ayec la
probabilité de détection minimale exigée

5 zo0 @n tolérance-(la-détection-nest-pas-assw-ée)

6 zone de détection maximale (par exemple, distance de fonctionnement maximale et champ de vision)

7 distance de fonctionnement maximale

8 plan de référence, par exemple, sol

9 point d'origine de mesure de la distance

10 axe central

11 axe angulaire

Figure 2 — Zone de détection d'un AOPDDR tridimensionnel
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4.2.12.3 Influences sur la détection
4.2.12.3.1 Généralités

Les objets aux limites de la capacité de détection qui sont soit fixes soit mobiles a l'intérieur
de la zone de détection a une vitesse maximale de 1,6 m/s doivent étre détectés par I'ESPE
dans les limites du temps de réponse spécifié. Le temps de réponse doit étre déterminé par le
fournisseur en prenant en compte les conditions les plus défavorables et le mouvement des
objets. Lorsque le fournisseur indique qu'un AOPDDR peut étre utilisé pour la détection
d'objets se déplacant a des vitesses supérieures a 1,6 m/s, les exigences doivent étre
satisfaites pour toute vitesse inférieure ou égale a la (aux) vitesse(s) maximale(s) indiquée(s).

NOTE| Un exemple de calcul du temps de réponse est donné a I'Article AA.6.

4.2.1p.3.2 AOPDDR utilisé comme dispositif de déclenchement avec une<apprpche
orthogonale (taille minimale de I'objet détectable de 200 mm)

Lorsqu'un AOPDDR est utilisé comme dispositif de déclenchement avec une’ taille minimale
de I'pbjet détectable de 200 mm, la hauteur de la zone de détection au-dessus du plgn de
référence, par exemple le sol, doit inclure la portée entre 300 mm et(2'400 mm. La Figlre 3
en priésente un exemple.

NOTE|1 Les aspects de dépassement sont traités dans I''SO 13855.

N
IEC
Légende
1 AQPDDR
2 zope‘de tolérance
3 zone de détection
A distance entre le plan de référence, par exemple le sol, et la limite inférieure de la zone de détection avec a <

300 mm

b distance entre le plan de référence, par exemple le sol, et la limite supérieure de la zone de détection avec b =
1400 mm

Figure 3 — AOPDDR utilisé comme dispositif de déclenchement avec une approche
orthogonale (taille minimale de I'objet détectable de 200 mm)

Le dispositif de détection doit étre activé et les OSSD doivent passer a |'état INACTIF
lorsqu'une éprouvette cylindrique d'un diametre de 200 mm et d'une longueur de 200 mm
selon 4.2.13 se déplace a travers la zone de détection de sorte que la direction du
mouvement et I'axe de I'éprouvette soient orthogonaux a la zone de détection, a une vitesse
de 1,6 m/s.
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Lorsque le fournisseur indique qu'un AOPDDR peut étre utilisé pour la détection d'objets se
déplacant a des vitesses supérieures a 1,6 m/s, cette exigence doit étre satisfaite a la vitesse
maximale spécifiée. Lorsque le fournisseur indique une taille minimale de I'objet détectable
inférieure & 200 mm pour l'utilisation d'un AOPDDR comme dispositif de déclenchement avec
une approche orthogonale, cette valeur doit étre utilisée comme diametre de I'éprouvette
cylindrique.

Lorsque le ou les OSSD passent a I'état INACTIF, ils doivent rester a I'état INACTIF pendant
gue I'éprouvette se trouve dans la zone de détection.

NOTE 2 L'objet de cette exigence est d'assurer que les OSSD passent a I'état INACTIF lorsqu'une personne
traverfe Ta zone de détection.

4.2.12.3.3 AOPDDR utilisé comme dispositif de déclenchement avec une~apprpche
orthogonale (taille minimale de I'objet détectable de 150 mm)

Lorsqu'un AOPDDR est utilisé comme dispositif de déclenchement avec upe-taille minimale
de I'pbjet détectable de 150 mm, la hauteur de la zone de détection aurdessus du plgn de
référence, par exemple le sol, doit inclure la portée entre 300 mm et 17100 mm. La Figure 4
en présente un exemple.

NOTE|1 Les aspects de dépassement sont abordés dans I'lSO 13855.

IEC
Légerlde

AQPDDR

zohe\deé tolérance

zone de détection

> w N e

distance entre le plan de référence, par exemple le sol, et la limite inférieure de la zone de détection avec
a <300 mm

b distance entre le plan de référence, par exemple le sol, et la limite supérieure de la zone de détection avec
b=1100 mm

Figure 4 — AOPDDR utilisé comme dispositif de déclenchement avec une approche
orthogonale (taille minimale de I'objet détectable de 150 mm)

Le dispositif de détection doit étre activé et les OSSD doivent passer a |'état INACTIF
lorsqu'une éprouvette cylindrique d'un diametre de 150 mm et d'une longueur de 150 mm
selon 4.2.13 se déplace a travers la zone de détection de sorte que la direction du
mouvement et I'axe de I'éprouvette soient orthogonaux a la zone de détection, a une vitesse
de 1,6 m/s.
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Lorsque le fournisseur indique qu'un AOPDDR peut étre utilisé pour la détection d'objets se
déplacant a des vitesses supérieures a 1,6 m/s, cette exigence doit étre satisfaite a la vitesse
maximale spécifiée. Lorsque le fournisseur indique une taille minimale de I'objet détectable
inférieure a 150 mm pour l'utilisation d'un AOPDDR comme dispositif de déclenchement avec
une approche orthogonale, cette valeur doit étre utilisée comme diametre de I'éprouvette
cylindrique.

Lorsque le ou les OSSD passent a I'état INACTIF, ils doivent rester a I'état INACTIF pendant
gue I'éprouvette se trouve dans la zone de détection.

NOTE 2 L'objet de cette exigence est d'assurer que les OSSD passent a l'état INACTIF lorsqu'un membre

inférigur dune personne passe a travers la zone de detection.

4.2.12.4 Zone de détection minimale

Le fgurnisseur doit spécifier la ou les zones de tolérance minimales. Le fournisseur doit|tenir

compte des conditions décrites en 4.2.12.3.1.

4.2.13 Eprouvettes pour essais de type

4.2.13.1 Généralités

Les éprouvettes font partie intégrante de 'AOPDDR et doivent paf conséquent étre livrées par
le folirnisseur pour étre utilisées dans les essais de type,definis a I'Article 5. Elles daivent
étre marquées avec une référence de type et l'identification de 'AOPDDR avec lequel |elles

sont destinées a étre utilisées.

Dang le cas de I'AOPDDR bidimensionnel, les éprouvettes doivent étre un cylindre dqgnt le
diamptre est égal a la taille minimale de I'objet detectable et la longueur effective minimale
est égale a 0,2 m sauf les dimensions définies’en 4.2.12.3.2 et 4.2.12.3.3. D'autres diamgtres
dans|la plage comprise entre 30 mm et 200.mm peuvent étre exigés pour les essais selpn la

taillelminimale de I'objet détectable de I'AOPDDR bidimensionnel.

NOTE|1 La longueur effective minimale desyéprouvettes a été choisie pour une utilisation aisée.

Dang le cas de 'AOPDDR tridimensionnel, les éprouvettes doivent étre des cylindres tel$ que
définjs pour 'AOPDDR bidimensionnel ou doivent étre une éprouvette conique — voir a) — et

une g¢prouvette cylindrique— voir b) et c):

a)

b)

dprouvette conique) L'éprouvette doit &tre un cdne tronqué si 'AOPDDR tridimensipnnel
et destiné a_étre utilisé pour la détection des mains. L'éprouvette se présente| tout
dlabord sous.la‘'forme d'un diametre de 20 mm, qui augmente jusqu'a 40 mm suf une

longueur de/160 mm.

L|éprouvette doit étre un cone tronqué combiné a un cylindre si I'AOPDDR tridimensignnel
ept destiné a étre utilisé pour la détection des bras. L'éprouvette se présente tout d'gbord
spusda forme d'un diametre de 40 mm, qui augmente jusqu'a 55 mm sous la forme|d'un
cone sur une longueur de 180 mm, et revet ensuite la forme dun cylindre dun diametre de
55 mm pour atteindre une longueur totale de 440 mm.

L'éprouvette doit étre un céne tronqué si 'AOPDDR tridimensionnel est destiné a étre
utilisé pour la détection des jambes. L'éprouvette se présente tout d'abord sous la forme
d'un diamétre de 50 mm, qui augmente jusqu'a 117 mm sur une longueur de 1 000 mm.

Si 'AOPDDR tridimensionnel est destiné a étre utilisé pour la détection de différentes
parties d'un corps, le choix des éprouvettes les plus appropriées doit dépendre de
l'analyse de la conception et de l'application prévue. Dans certains cas, toutes les
éprouvettes peuvent étre nécessaires.

Eprouvette cylindrique: Si 'AOPDDR tridimensionnel est destiné a étre utilisé pour la
détection des membres inférieurs, I'éprouvette doit alors étre un cylindre d'un diamétre de
150 mm et avec une longueur de 150 mm.
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c) Eprouvette cylindrique: Si I'AOPDDR tridimensionnel est destiné a étre utilisé pour la
détection de I'ensemble du corps, I'éprouvette doit alors étre un cylindre d'un diameétre de
200 mm et avec une longueur de 200 mm.

NOTE 2 Une éprouvette cylindrique d'un diamétre de 200 mm est destinée a représenter I'épaisseur d'un corps.
4.2.13.2 Eprouvette noire

La surface de I'éprouvette doit avoir un coefficient de réflexion diffuse dans la plage de 1,6 %
a 2,0 % incluant I'exactitude de mesure, a la longueur d'onde d'émission dans des conditions
normales. Cette valeur doit étre vérifiée par mesurage. Lorsque la réflectivité est utilisée a
des fins de calcul, la valeur nominale de 1,8 % doit étre utilisée.

La HRigure 5 présente les résultats d'une recherche pour déterminer la réflectiyite de
I'épraguvette noire (réalisée par l'Institut fir Arbeitsschutz (IFA), 53757 Sankt{Auglstin,
Allenpagne).

2,5

1,5 |
1-.ll

1 * N
. * ©
0,50 Q)
S
0 + t + + + ’?$ + + } } + + } }
80 790 800 809 819 832 846 857 867 881 895 906 917 931 946 |W
e 1® 26 x® 2O o®
IEC
Légende

velours noir MGy20/5
velours a cotes larges MG 0/5
mqusse-plastique noire MG 0/5

caputchouc botte noir MG 20/5

a b~ W N P

matiére synthétique noire MG 20/5
6 cuir de chaussure noir MG 20/5
W longueur d'onde (nm)

B* coefficient de réflexion diffuse (%)

NOTE Une géométrie de mesure (MG — measurement geometry), par exemple de 0/5, est représentée par un
angle d'éclairage de 0° et un angle de divergence de 5°. L'angle d'éclairage caractérise la position angulaire de la
matiére soumise a l'essai par rapport a la direction de la lumiére incidente. L'angle de divergence est I'angle entre
la direction d'observation de la matiere soumise a I'essai et la direction de la lumiére incidente.

Figure 5 — Réflectivité diffuse minimale des matiéeres
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4.2.1

3.3 Eprouvette blanche

La surface de I'éprouvette doit avoir un coefficient de réflexion diffuse dans la plage de 80 %

a 90

4.2.1

% a la longueur d'onde d'émission.

3.4 Eprouvette rétro-réfléchissante

La surface de l'éprouvette doit étre en matiére rétro-réfléchissante. Le matériau doit étre
conforme aux exigences relatives aux matiéres rétro-réfléchissantes a performances
séparées définies dans I'ISO 20471.

NOTE
réfléc
angle
4.2.1

Les A
et 95

NOTE
de reg

4.2.1

Lors(

Te Tapleau 4 de 1SS0 Z0471.2013 Oelnit 1€ coericient minimal de Tetrorellexion pour 1es materes
issantes a performances séparées comme étant 330 cd - Ix™}- m=2 avec un angle d'éclairage de-5°
de divergence de 0,2° (12').

4 Longueur d'onde

A\OPDDR doivent fonctionner a une longueur d'onde dans la plage comprise entre 82
0 nm.

herche révélant son adaptation a des matiéres utilisées en tant que véteménts:
5 Intensité du rayonnement

ue le ou les émetteurs utilisent la technologie LED, llihtensité du rayonnement géné

rétro-
et un

0 nm

Cette plage de longueurs d'onde est fondée sur la disponibilité actuelle des_ composants et sur des tijavaux

émis| par I'AOPDDR doit satisfaire aux exigences dulgroupe sans risque conformément
I'EC(62471.

NOTE| Le groupe sans risque équivaut au groupe de risqueszero (IEC 62471:2006).

Lorsque le ou les émetteurs utilisent la technologie laser, l'intensité du rayonnement généré
et énpis par I'AOPDDR ne doit pas dépasser les niveaux maximaux de puissance ou d'éngergie
d'un [laser de la classe 1M, conform&ment a I'IEC 60825-1 (méme en présence ¢'une
défaijlance de composant). Le marquage laser de la classe 1 ou de la classe 1M doif étre
effecfué comme exigé en 5.2 de I''E€ 60825-1:2014.

4.2.16 Construction mécanique

Lorsque la capacité de.détection peut étre réduite en dessous de la limite indiquée par le
fournisseur comme conséquence d'une modification de position des composants, la fixation
de cgs composants ‘ne doit pas seulement reposer sur la friction.

NOTE| L'utilisation.de trous de fixation oblongs sans moyens complémentaires peut provoquer, par exemplg, une
modification de.pesition de la zone de détection sous I'effet d'une influence mécanique telle qu'un choc.

4.3 | Prescriptions relatives aux conditions ambiantes

Le 4.3 de I'lEC 61496-1:2012 s'applique, a I'exception de ce qui suit.

Addition:

NOTE |l est possible que ces exigences ne satisfassent pas aux besoins de certaines applications (par exemple:

utilisation sur des véhicules, y compris les véhicules a guidage automatique (AGV), les chariots élévateurs, les
machines mobiles, etc.).

4.3.1

Le 4.

Plage de températures ambiantes de I'air et humidité

3.1 de I'lEC 61496-1:2012 s'applique, a I'exception de ce qui suit.

Addition:
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Il ne doit se produire aucune défaillance dangereuse de I'ESPE lorsqu'il est soumis a une
variation rapide de température et d'humidité entrainant de la condensation sur la fenétre
optique.

Cette exigence est vérifiée par I'essai de condensation de 5.4.2.

4.3.3

4.3.3

Environnement mécanique

.1 Vibrations

Remplacement:

L'ESPE doit satisfaire aux essais de vibration de 5.4.4.1.

Remplacement:

4.3.312 Chocs

L'ESPE doit satisfaire aux essais de choc de 5.4.4.2.

Addition:

4.3.3l3 Variation de température

L'ESPE ne doit pas présenter de dommage, y comp(is)des déplacements et/ou des fissures
de 14 fenétre optique, aprés les essais de 5.4.4.3/et doit pouvoir continuer a fonctig

normjalement.

4.3.3
4.3.3

L'ES
de 19

normjalement.

4.3.3

Il ne

4.3.4

Le 4.

.4 Reésistance aux chocs
.4.1 Fonctionnement normal

PE ne doit pas présenter de dommage, y compris des déplacements et/ou des fiss
fenétre optique, aprés lesfessais de 5.4.4.4.2 et doit pouvoir continuer a fonctig

4.2 Défaillance dangereuse

doit se produiré adcune défaillance dangereuse de I'ESPE apreés les essais de 5.4.4

Enveloppes

3.4 de\I'lEC 61496-1:2012 s'applique, a I'exception de ce qui suit.

Additiesr

nner

ures
nner

4.3.

Des moyens de fixation de I'enveloppe ou des enveloppes doivent étre prévus.

Les enveloppes de 'AOPDDR contenant des éléments optiques doivent procurer un degré de
protection d'au moins IP65 (voir I'lEC 60529) lorsqu'elles sont montées comme spécifié par le
fournisseur.

Addition:

4.3.5

Interférence lumineuse sur les récepteurs de I'AOPDDR et sur d'autres

composants optiques

L'ESPE doit continuer a fonctionner normalement lorsqu'il est soumis aux éléments suivants:
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— une lumiére incandescente;
— une lumiére fluorescente produite par une alimentation électronique a haute fréquence;

— un rayonnement issu d'un AOPDDR de conception identigue si aucune limitation de
montage liée a des interférences potentielles n'est donnée par le fournisseur de
I'AOPDDR.

Il ne doit se produire aucune défaillance dangereuse de I'ESPE lorsqu'il est soumis aux
éléments suivants:

— une lumiéere incandescente de haute intensité;

haute fréquence;
h rayonnement issu d'un AOPDDR de conception identique;
h feu clignotant;

|
cC c c© woc

h faisceau laser collimaté.

Ces gxigences sont vérifiées par les essais de 5.2.1.2 et 5.4.6.

4.3.6] Interférence due a la pollution

Le fpurnisseur doit spécifier le niveau maximal de pgllution homogéne exprim¢ en
pour¢entage de transmission pour lequel il n'y a pas de détérioration de la capacite de
détegtion indiquée.

L'AOPDDR doit continuer a fonctionner normalement lorsque I'énergie recue du signal du
systgme de détection lui-méme est réduite jusqu'a’30 % par la pollution homogeéne.

La ppllution entre le ou les émetteurs et/@l e ou les récepteurs et le début de la oJ des
zonep de détection (y compris les comp@sants optiques) de 'AOPDDR, donnant lieu d une

pertg de la capacité de détection indiquée, doit entrainer le passage des OSSD a ['état
INACTIF.

Ces gxigences sont vérifiées par,les essais de 5.4.7.

NOTE| Il est possible que les,eSsais énumérés en 5.4.7 ne couvrent pas toutes les formes possibles de poljution,
par exemple I'huile, la graisse.et les matériaux usinés.

Tous|les moyens de_surveillance de la pollution utilisés pour détecter une perte de la capacité
de de¢tection indiguée doivent étre conformes a toutes les exigences applicables du pre¢sent
document.

4.3.7| Inferférence due aux objets environnants

P

4.3.74 Intarfldranecao
. (e hRreerenRtee+6

La zone de tolérance indiquée ne doit pas étre étendue en raison d'une interférence de
I'arriere-plan. Cette exigence est vérifiée par les essais de 5.4.8.1.

NOTE 1 Le fournisseur peut spécifier pour 'AOPDDR une réflectivité maximale qui est surveillée par 'AOPDDR
lui-méme et qui entraine I'état INACTIF des OSSD si la réflectivité maximale spécifiée est dépassée. L'interférence
de l'arriere-plan causée par des matiéres ayant une plus grande réflectivité peut alors étre exclue.

NOTE 2 Les arriere-plans qui peuvent perturber les résultats de mesure comprennent les réflecteurs en forme de
triedre trirectangle, les dalles, les plagues en métal, le papier blanc, etc.

NOTE 3 Les rétroréflecteurs sont considérés comme un arriére-plan dans le cadre des essais de capacité de
détection et de précision de position (voir 5.4.8.1). Si les rétroréflecteurs dans l'arriere-plan entrainent des erreurs
de mesure, il peut étre possible, dans des applications spécifiques, d'utiliser d'autres mesures plutét qu'une
extension de la zone de tolérance.
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4.3.7.2 Réflexions par trajets multiples

La zone de tolérance indiquée ne doit pas étre étendue par des réflexions par trajets
multiples. Cette exigence est vérifiée par les essais de 5.4.8.2.

4.3.8 Interférence manuelle

Il ne doit pas étre possible de réduire la capacité de détection indiquée en couvrant la fenétre
optique du boitier de I'AOPDDR ou d'autres parties (le cas échéant), ou en placant des objets
dans une zone a capacité de détection limitée (voir 4.1.6). Dans de tels cas, les OSSD
doivent passer a I'état INACTIF en moins de 5 s et doivent rester a I'état INACTIF tant que

[N £4 Ll baoiat
| Inte TCTTTILT TITATTUTTIC OUUOTO LT,

Les AOPDDR destinés a étre utilisés comme dispositifs de déclenchement avec uné’appioche
orthdgonale doivent étre congus de sorte que les OSSD doivent passer a I'état INACTIF [dans
la limite du temps de réponse indiquée lorsque l'interférence manuelle qui ‘entrainel une
rédugtion de la capacité de détection indiquée se produit et les OSSD doivent rester a |I'état
INAQTIF tant que l'interférence manuelle subsiste.

Ces ¢xigences sont vérifiées par les essais de 5.4.9.

4.3.9] Occlusion optique dans la zone de détection (éclipséepar un petit objet)

La capacité de détection de I'AOPDDR doit étre maintentie lorsque des petits objets|sont
présents dans la zone de détection. Cela doit étre{vérifié par analyse et par un gssai
confgrmément a 5.4.10. L'analyse doit comprendre\ llexamen de tous les algorithmes de
filtrage logiciel fournis.

NOTE| Des algorithmes de filtrage logiciel peuvent étre,fournis pour ignorer les petits objets, par exemplg¢ pour
améligrer la fiabilité de fonctionnement.

4.3.10 Dérive ou vieillissement des composants

Pour|un ESPE de type 2, la dérive ou le vieillissement des composants qui réduisent la
capafité de détection en dessous de la valeur indiguée ne doivent pas provoqugr de
défaijlance dangereuse de I'ESPE, doivent étre détectés au moins lors de I'essai périodique
suivgnt et doivent entrainer wn“état INACTIF. Si le cycle d’essai périodique est inférieur & 5 s,
la défive ou le vieillissemeht des composants doit alors étre détecté dans un délaide 5 s

Pour|un ESPE de (type 3, la dérive ou le vieillissement des composants qui réduisgnt la
capafité de détection en dessous de la valeur indiquée ne doivent pas provoqudr de
défaijlance dangereuse de I'ESPE, doivent étre détectés en moins de 5 s et doivent entrginer
un état INACTIF.

Si un objet’de référence est utilisé pour surveiller le vieillissement et la dérive de composjants,
des Yariations de ses pmpriéréq (par pxpmplp la nﬂflpr'ri\/ité) ne doivent pas provoquer de
défaillance dangereuse de I'ESPE. Si un objet de référence est utilisé pour surveiller le
vieillissement et la dérive de composants, il doit étre considéré comme faisant partie de
I'AOPDDR et doit étre fourni par le fournisseur de 'AOPDDR.

5 Essais
L’'article correspondant de la Partie 1 s’applique avec les exceptions suivantes:

5.1 Généralités
5.1.1.2 Conditions de fonctionnement

Le 5.1.1.2 de I'lEC 61496-1:2012 s'applique, a I'exception de ce qui suit.
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Addit

ion:

Par suite de l'analyse de la conception et de l'intégrité de la capacité de détection de
I'AOPDDR, un plan d'essai doit étre établi en tenant compte des conditions d'essai et des
parameétres indiqués dans le présent document. Dans les essais suivants, Il faut vérifier que
lorsque les OSSD passent a I'état INACTIF, ils restent a cet état pendant que I'éprouvette se

trouv

e dans la zone de détection.

Les conditions d'essai minimales doivent étre celles spécifiées dans le présent document ou
par le fournisseur, selon les conditions les plus strictes.

NOTE
utilisé
Pour
cette

de d
comr

Pour
fixe d

Tous

détegtion pournunt AOPDDR bidimensionnel. Pour un AOPDDR tridimensionnel, tou

essa
angu
I'ana

ssais peuvent étre omis si une analyse peut démontrer

ontage supérieur uniquement), et

'un essai plus strict se substitue a un essai moins strict (par exemple),  vérificatio
5sai d'une capacité de détection égale a la plage de fonctionnement minimale par ra
la plage de fonctionnement maximale).

lyse doit étre documentée dans le plan d'essai.

indication contraire dans le présent document et s'il est/possible de configurer la
btection, la zone utilisée pour les essais doit étre configurée comme suit:

lyon, respectivement largeur et longueur (ou valeurs équivalentes), de la zon
Btection de 1,0 m, appelés distance d'essai de base (BTD);

out de la valeur de la zone de tolérance spécifiée.

Par exemple, une zone de détection de 1,0 m et_une zone de tolérance de 0,2 m donnent lieu & une
P pour les essais de 1,2 m.

un AOPDDR qui a une distance(de détection maximale indiquée de moins de 1
distance maximale doit étre utilisee comme BTD. Pour un AOPDDR qui a une dist
Btection minimale indiquée de:plus de 1,0 m, cette distance minimale doit étre ut
ne BTD.

un AOPDDR sans ,possibilité de configurer la zone de détection, la zone de déte
oit étre utilisée pountous les essais.

les essais doivent étre effectués avec l'axe des éprouvettes orthogonal a la zon

s doivent\étre effectués avec I'axe des éprouvettes orthogonal a I'axe central ou a
Jaire. <Des essais a d'autres orientations de I'éprouvette peuvent étre nécessaires
yse'dé conception et la prise en considération des cas les plus défavorables.

e [l'utilisation pratique prévue limitée justifie l'omission des essais (pars éxemple,

N par
bport

zone

zone

,0 m,
ance
lisée

ction

e de
5 les
I'axe
selon

5.1.2

Le 5.

.2 Exactitude de mesure

1.2.2 de I'lEC 61496-1:2012 s'applique, a I'exception de ce qui suit.

Ajout au premier alinéa:

— pour la précision des mesurages de la distance/position: 10 % de la précision de position
indiquée;

- p
5.2

our le mesurage de l'intensité lumineuse: £ 10 %.

Essais de fonctionnement

5.2.1 Fonction de détection

Rem

placement:
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5.2.1.1 Généralités

2018

La fonction de détection et I'intégrité de la capacité de détection doivent étre vérifiées par
essai comme spécifié en tenant compte des points suivants.

a)

L'analyse systématique exigée en 5.2.1.2.1.

b) Les essais doivent vérifier que les éprouvettes spécifiées sont détectées lorsque
I'éprouvette est statique, pénétre ou se déplace a l'intérieur de la zone de détection
configurée a n'importe quelle vitesse comprise entre 0 m/s et 1,6 m/s. Lorsque le
fournisseur indique que des objets se déplacant a des vitesses plus élevées peuvent étre

d)

N

détectés, les exigences doivent étre satisfaites a toutes les vitesses jusqu'aux vitesses

nraximrates MadigueEs.

DTE 1 L'AOPDDR peut détecter une éprouvette qui se déplace a n'importe quelle vitesse conprisel
m/s et 1,6 m/s uniquement lorsque celle-ci reste a l'intérieur de la zone de détection configure€ pend
oins le temps de réponse minimum, ainsi que d'autres influences sur la zone de détection. minimalg
2.12.4). La zone de détection peut étre réglée a la zone de détection minimale pour essai

es essais doivent vérifier que les éprouvettes spécifiées sont,.détectées lo
Bprouvette est placée a l'intérieur de la ou des zones de détection”sur une long
brrespondant a la moitié de la taille minimale de I'objet détectable pour un AOPR
dimensionnel, puis placée a l'intérieur de cette ou de cespzbnes sur une long
brrespondant a la taille minimale de I'objet détectable pour G4n AOPDDR tridimensi
oir par exemple la Figure 6).

~0 T O = »M30O0Z

Z

DTE 2 Les différentes positions de I'éprouvette pour un A@PDDR bidimensionnel et un AO
dimensionnel sont dues aux éléments suivants:

—
=

rétrocompatibilité conforme a I'lEC 61496-3:2008 pour unA©OPDDR bidimensionnel en raison des V|
correspondant a celles d'une demi-capacité de détectiony dont les effets en pratique sont néglig
dans la plupart des cas;

—| I'AOPDDR tridimensionnel peut habituellement détecter une éprouvette avec la probabilité de dét
exigée uniquement lorsque I'éprouvette se trouve,entierement dans la zone de détection.

Les essais doivent vérifier la ou les dimensions de la zone de tolérance (c'est-a-d
précision de position) indiquées par lesfournisseur.
L
Vv

e nombre, la sélection et les conditions des essais individuels doivent étre tels
Erifient les exigences de 4.2.12.1.

entre
hnt au
b (voir

sque
ueur
DDR

ueur
bnnel

PDDR

Aleurs
bables

ection

re la

u'ils
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Dimensions en millimétre
AOPDDR-2D: Side view

Y
F 3

A

di2
—>

AOPDDR-3D

A

440
Ll B
. Ll
1 I
' 180 ! 260 !
+——rt——P
| | i
I I I
o Tp) To]
= e} [Te]
1l Il 1l
= = = IEC
Légende
1 AQPDDR bidimensionnel
2 zohedde détection
3 zohede tolérance (la détection n'est pas assurée)
4 axe central
5 éprouvette «cylindre» placée a l'intérieur d'une zone de détection sur une longueur correspondant a la moitié

© 00N O

10

11

de la taille minimale de I'objet détectable pour un AOPDDR bidimensionnel

AOPDDR tridimensionnel

zone de détection

zone de tolérance (la détection n'est pas assurée)

éprouvette «cdne tronqué combiné a un cylindre» placée a l'intérieur d'une zone de détection sur une longueur
correspondant a la taille minimale de I'objet détectable (d = 40 mm dans cet exemple) pour un AOPDDR
tridimensionnel

éprouvette «cbne tronqué combiné a un cylindre» placée a l'intérieur d'une zone de détection sur une longueur
correspondant a la taille minimale de I'objet détectable (d = 55 mm dans cet exemple) pour un AOPDDR
tridimensionnel

éprouvette «cOne tronqué combiné a un cylindre»

Figure 6 — Introduction de I'éprouvette dans la zone de détection pour essai
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Il faut vérifier que le dispositif de détection est activé de fagon continue et, le cas échéant,
qgue le ou les OSSD passent a I'état INACTIF comme décrit dans les essais ci-dessous, en
prenant en compte le principe de fonctionnement de I'AOPDDR et, en particulier, les

techniques employées pour fournir une tolérance aux interférences de I'environnement.

Le Tableau 1 présente une vue d'ensemble des essais minimaux exigés pour la vérification
des exigences de capacité de détection.

Pour un AOPDDR tridimensionnel, les essais conformes a 5.2.1.2 et 5.2.10 énumérés dans le
Tableau 1 doivent étre effectués au minimum avec deux ensembles de distance différents:

— valeurs de distance conformes au Tableau 1 par I'axe central;
— valeurs de distance conformes au Tableau 1 le long de I'axe angulaire.
Tous| les autres essais énumérés dans le Tableau 1 doivent étre effectués pat PYaxe central
pour ['AOPDDR tridimensionnel.
Lorsqu'une distance ne peut étre établie entre le point d'origine de mesufe de la distange au
nivegu de I'AOPDDR et I'éprouvette indiquée dans le Tableau 1, par exemple lorsque BTD est
inférieur a 0,5 m, les essais associés peuvent alors étre omis.
Tableau 1 — Essais minimaux exigés pour la vérification des exigences
de capacité de détection (voir également 4.2.12.1)
Parg- Essai Conditions Distance entre le point d'origine de mesure de la
graphe diStance (voir également Figure 1 et Figure ) au
niveau de I'AOPDDR et axe de I'éprouvette plour
I'AOPDDR bidimensionnel, respectivement|la
partie arriére de I'éprouvette pour I'AOPDDR
tridimensionnel
Distance | Distance |0,5m [BTD | Cha- | Pprtée
minimale | minimale que [ npaxi-
po§sib|e possible 1,0 m | male
9 +0,1mho9
5.2.1.2 |Capacité de détection et [Eprouvette noire X X X X X X
5.2.10 [précision de position (vair 4.2.13.2)
avec une éprouvette
noire
5.2.1.2 |Capacité de déteetian et [Eprouvette blanche X X X X X X
5.2.10 |précision de posjtion (voir 4.2.13.3)
avec une éprouvette
blanche
5.2.1.2 |CapaCité de détection et |Eprouvette rétro- X X X X X X
5.2.10 |précision de position réfléchissante
avec une éprouvette (voir 4.2.13.4)
rétro-réfléchissante
5.2.1.3 |Essai d'endurance Typiquement avec une X
éprouvette noire
(voir 4.2.13.2)
5.3 |Vieillissement des a X
composants
5.3 Défauts des composants (2 X
non détectés
5.4.2 [Variation de la X
température ambiante et
humidité
5.4.2 [Variation de température |50 °C ou température X
ambiante maximale °
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Para- Essai Conditions Distance entre le point d'origine de mesure de la
graphe distance (voir également Figure 1 et Figure 2) au
niveau de I'AOPDDR et axe de I'éprouvette pour
I'AOPDDR bidimensionnel, respectivement la
partie arriere de |I'éprouvette pour I'AOPDDR
tridimensionnel
Distance | Distance |0,5m |BTD | Cha- | Portée
minimale | minimale que [ maxi-
po§sible possible 1,0 m | male
'9 +0,1mfo
5.4.2 |Variation de température [0° ou température X
ambiante minimale, sans
CONMTOENSation
5.42 |Essai de condensation X
5.4.4.1 |Variations et coupures de |[Eprouvette noire X
5.4.3.2 |la tension d'alimentation [(voir 4.2.13.2)
5.4.34.3 |Perturbations électriques X
a sauf les variations et
5.4.3.7 |coupures de la tension
d'alimentation
5.4.4.1 |Vibrations et chocs X
5.4.4.2
5.4.4.3 |Variation de température X
5.4.4.4 |Essais au marteau X
5.4)6 |[Interférence lumineuse |Voir Tableau 2
Eprouvette noire
(voir 4.2.13.2)
5.4f7 |[Interférence due a la Typiquement avec une X
pollution éprouvette noire
(voir 4.2.13.2)2
5.4.4.1 |Interférence de I'arriére- [Distance ducCas le
plan plus défaverable entre
I'éprouvette «noire» et
I'arriere-plan selon la
conception 9
Réflectivité de
I'arriére-plan:
a) réflecteur en forme X
de triédre
trirectangle ©
b)de1,8% a5 %
c) autres réflectivités
pertinentes entre a)
et b)
5.4.4.2\ interférence due aux 5.4.8.2 s'applique
réflexions par trajets
multiples
5.4.9 |[Interférence manuelle 5.4.9 s'applique X
Eprouvette noire
(voir 4.2.13.2)
5.4.10 [Occlusion optique 5.4.10 s'applique X

Eprouvette noire
(voir 4.2.13.2)
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a |l convient que I'essai d'endurance prenne en compte les effets du vieillissement des composants, des défauts
non détectés de ces mémes composants, ainsi que de la pollution a la surface de la fenétre optique du boftier.
Des essais supplémentaires peuvent se révéler nécessaires dans le cas contraire.

b AOPDDR dans I'enceinte d'essai — enceinte d'essai ouverte — commencer I'essai en moins de 1 min.
¢ AOPDDR dans I'enceinte d'essai — enceinte d'essai ouverte — essai sans condensation.

d  L'arriére-plan doit étre disposé comme indiqué & la Figure 16.

€ Voir également la Note 1 de 4.3.7.1 et 5.4.8.1.

f L'éprouvette doit étre placée aussi prés que possible du point d'origine de mesure de la distance.

9  Pour I'éprouvette noire, la dimension de la zone a capacité de détection limitée doit étre ajoutée.

5.2.1{2 Intégrité de la capacité de détection
5.2.112.1 Généralités

Il fayt vérifier que la capacité de détection de I'AOPDDR indiquée estymadintenue ou que
I'ESHE ne présente pas de défaillance dangereuse, par une analyse..systématique gle la
concgeption de I'AOPDDR, en utilisant des essais au besoin, en fporenant en compt¢ les
cond|tions spécifiées en 4.2.12.1 ainsi que les défauts spécifiésren 5.3.3, respectivement
5.3.4] Les résultats de cette analyse systématique doivent identifi€p quels essais de I'Article 5
nécepsitent, en complément, un mesurage du temps de réponse.

NOTE|1 Voir 5.3 pour des informations détaillées sur les combinaisons de défauts.

Les ¢onditions et le nombre de mesures exigés pouf.déterminer I'intégrité de la capaci{é de
détegtion doivent prendre en considération les objectifs de 5.2.1.1. Les séries de mesures
répeitoriées dans le Tableau 1 et le Tableau 2, doivent étre réalisées au minimum a chlaque
positjon nécessaire a la vérification de l'intégrite~de la capacité de détection a I'intérieur de la
zone|de détection. Pour les AOPDDR compartant deux émetteurs et/ou récepteurs ou plus, il
peut|étre nécessaire d'effectuer des mesurages pour chaque émetteur et/ou récepteur.
Lorsque des valeurs de mesure sont exigées pour la vérification, chaque résultat d'essaj doit
étre basé sur un minimum de 1 000 mesurages individuels a chaque position de I'éprouvatte.

L'utilisation d'outils spéciaux . transmis par le fournisseur peut se révéler nécessaire [pour
réaliger certains essais impliquant I'enregistrement et I'analyse des valeurs de mesure.

Le dispositif d'essai_utilisé pour les essais décrits en 5.2.1.2.2 et 5.2.1.2.3 doit| étre
compatible avec les\ caractéristigues de I'AOPDDR en essai. Les essais d'interférence
lumirleuse doivent étre effectués au moins avec l'éprouvette «noire» (voir 4.2.13.2)(a la
distapce BTD enqtre'le point d'origine de mesure de la distance et I'éprouvette et a la dis§ance
de fgnctionnement maximale — voir également 5.2.1.1 d). La séquence d'essai d'interféence
lumirleuse deit’étre la suivante:

Eptouvette doi , poyr les
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— le verrouillage du démarrage ou le verrouillage du redémarrage ne doit pas étre en
fonction pendant le déroulement des essais selon la Figure 8;

— I'AOPDDR doit étre en fonctionnement normal et les OSSD a I'état INACTIF pendant le
déroulement des essais selon la Figure 8;

— la source de lumiere interférente doit ensuite étre activée;
— l'essai doit se poursuivre pendant une durée de 3 min.
Etant donné la conception inhérente de I'AOPDDR, par exemple sa construction

optomécanique, il peut s'avérer nécessaire de procéder a une série de mesures
supplémentaire a des distances supplémentaires.

NOTE 2 Les outils de diagnostic et de configuration (par exemple les logiciels) qui appartiennent a 'AOPDDR
peuvent étre utilisés pour ces mesurages.
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5.2.1

.2.2 Influence de la lumiére incandescente

L'influence de la lumiére incandescente sur l'intégrité de la capacité de détection doit étre
vérifiée par essai en utilisant la configuration représentée a la Figure 7 ou a la Figure 8 a la
distance BTD entre le point d'origine de mesure de la distance et I'éprouvette et a la distance
de fonctionnement maximale — voir également 5.2.1.1 d). Lors de l'essai selon la Figure 7,
des valeurs de mesure sont nécessaires pour vérifier I'intégrité de la capacité de détection.
Lors de l'essai selon la Figure 8, 'ESPE doit rester a I'état INACTIF pendant la séquence

d'ess

ai.

Le mesurage de l'intensité lumineuse doit étre effectué au niveau de la fenétre optique de

I'AO
I'ess
lumir
I'éprd
I'axe
incar

L
L
c
- S
fa
a
a
d
p
I
Iy
n
NOTE|
capac

récup
interfd

descente sur l'intégrité de la capacité de détection doit étre effectué comme suit.

b lumiére doit étre dirigée le long de I'axe central d'un AOPDDR.

bnforme a I'AOPDDR restant en fonctionnement normal.
le plus haut niveau d'éclairage direct pour lequel I'AOPDDR demeure

. sque
i est effectué a la distance de fonctionnement maximale, le mesurage de l'intgnsité
euse doit étre effectué dans la zone de détection & une distance de/L0 m de
uvette en direction de I'AOPDDR. La lumiére interférente doit étre dirigée, le long de
optigue d'un ou de plusieurs récepteurs. L'essai de l'influence ~de la lumiére

intensité lumineuse doit étre la plus proche possible d'une valeur'maximale de 3 400 Ix

en

nctionnement normal est inférieur a 1 500 Ix, un essaj complémentaire doit étre effectué

vec la source lumineuse réfléchie sur 'AOPDDR paf:un objet de taille 0,5 m x (
yant une surface de réflexion diffuse. L'objet doit&tre placé en dehors de la zon
Btection et de la zone de tolérance. Le coefficient de réflexion diffuse de I'objet
AOPDDR et doit se situer dans la plage .utilisée pour mesurer l'intensité. L'inte

aximale de 3 000 Ix conforme a I'AOPDDR restant en fonctionnement normal.

bration peut étre révélée lors du balayage de I'éprouvette immédiatement aprés la source de Iy
rente.

,5m
e de
tilisé

bur cet essai doit étre supérieur a 80 % dans.la‘plage des longueurs d'onde utiliséep par

nsité

mineuse pour cet essai complémentaire-doit étre la plus proche possible de la vgleur

La position relative de la source de lumigere interférente, de I'éprouvette et de I'AOPDDR peut affegter la
té de détection. Par exemple, une perté de capacité de détection due a I'existence d'un temps de

miere
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Vue de cbté Vue de dessus

Il
o/

IEC

Légerde

AQPDDR

axp central
épfouvette
soprce de lumiére
d
d

qtance entre le point d'origine de mesure de la distance et I'éprouvette, pour 'AOPDDR bidimensionnel

o o0 b~ W N P

qtance entre le point d'origine de mesure de la distance et I'éprouvette pour 'AOPDDR tridimensionnel

NOTE]| La Figure 7 représente une configuration possible pour ufiessai selon 5.2.1.2.2.

Figure 7 — Influence de la lumiére incandescente
sur la capacité de détection — Exemple 1
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