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Preface

This is the harmonized CSA Group and UL standard for Low-voltage switchgear and controlgear — Part 5-
2: Control circuit devices and switching elements — Proximity switches. It is the second edition of CSA
C22.2 No. 60947-5-2, and the fourth edition of UL 60947-5-2. This edition of CSA C22.2 No. 60947-5-2
supersedes the previous edition published in 2014 as CAN/CSA-C22.2 No. 60947-5-2.

This harmonized standard is based on IEC Publication 60947-5-2: Edition 3.1, Low-voltage switchgear
and controlgear — Part 5-2: Control circuit devices and switching elements — Proximity switches, issued
September 2012. IEC 60947-5-2 is copyrighted by the IEC.

This harmonized standard was prepared by CSA Group and Underwriters Laboratories nc/|(UL). The
efforts arld support of the Technical Harmonization Committee for Industrial Control Equipmént, of the
Council dn the Harmonization of Electrotechnical Standards of the Nations of the Americas (CANENA),
are gratefully acknowledged.

This standard is considered suitable for use for conformity assessment within the stated scope of the
standard.

This stanfard was reviewed by the CSA Integrated Committee on Industrial Control, under the jurisdiction
of the C$A Technical Committee on Industrial Products and the CSA Strategic Steering Committee on
Requirements for Electrical Safety, and has been formally approved by the CSA Technical Gommittee.
This standard has been developed in compliance with Standards Council of Canada requirgments for
National $tandards of Canada. It has been published as alNational Standard of Canada by CSA|Group.

Application of Standard

Where reference is made to a specific numberof' samples to be tested, the specified number is donsidered
a minimum quantity.

Note: Altholigh the intended primary application-ef this Standard is stated in its scope, it is important to note that it|remains the
responsibilify of the users of the Standard tojudge its suitability for their particular purpose.

CSA C22/2 No. 60947-5-2 is to.be used in conjunction with the current edition of CSA C22.2 Nol 60947-1.
Requirements of this standard; where stated, amend the requirements of CSA C22.2 No. 609471.

UL 60947-5-2 is to belused in conjunction with the current edition of UL 60947-1. Requirements of this
standard|where stated, amend the requirements of UL 60947-1.

Level of harmonization

This standard adopts the IEC text with national differences.
This standard is published as an identical standard for CSA Group and UL.

An identical standard is a standard that is exactly the same in technical content except for national
differences resulting from conflicts in codes and governmental regulations. Presentation is word for word
except for editorial changes.

All national differences from the IEC text are included in the CSA Group and UL versions of the standard.
While the technical content is the same in each organization's version, the format and presentation may
differ.
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Reasons for differences from IEC

National differences from the IEC are being added in order to address safety and regulatory situations
present in the US and Canada.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, raTevisiomis—tobeproposed—as—soom as poussibtetoeactrof the—stamdards—development
organizatipns to more accurately reflect the intent.

IEC copyright

For CSA [Group, the text, figures, and tables of International Electrotechnical ‘€ommission Publication
60947-5-4, Low-voltage switchgear and controlgear — Part 5-2: Control circuit devices and |switching
elements [~ Proximity switches, copyright 2012, are used in this Standard with the consent of the
International Electrotechnical Commission. The IEC Foreword is not a_part of the requirements of this
Standard but is included for information purposes only.

These materials are subject to copyright claims of IEC and.YL. No part of this publication may be
reproduced in any form, including an electronic retrieval system, without the prior written permissjon of UL.
All requests pertaining to this Standard should be submitted.to UL.
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NATIONAL DIFFERENCES
GENERAL

National Differences from the text of International Electrotechnical Commission (IEC) Publication 60947-5-
2, Low-voltage switchgear and controlgear — Part 5-2: Control circuit devices and switching elements —
Proximity switches, copyright 2012, are indicated by notations (differences) and are presented in bold text.
The national difference type is included in the body.

There are five types of National Differences as noted below. The difference type is noted on the first line of
the National Difference in the standard. The standard may not include all types of these National
Differences.

DR - These are National Differences based on the national regulatory requirements.

D1 - Thgse are National Differences which are based on basic safety principles)and requirements,
eliminatign of which would compromise safety for consumers and users of products.

D2 — Thgse are National Differences from IEC requirements based on existing safety practices. These
requirements reflect national safety practices, where empirical substantiation (for the IEC qr national
requirement) is not available or the text has not been included in the IEC)standard.

DC - Thgse are National Differences based on the component_standards and will not be delgted until a
particularlcomponent standard is harmonized with the IEC compohent standard.

DE - These are National Differences based on editorial comments or corrections.

Each natipnal difference contains a description of what the national difference entails. Typically jone of the
following words is used to explain how the text.ofithe national difference is to be applied to thel base IEC
text:

Addition / Add - An addition entails adding a complete new numbered clause, subclalse, table,
figure, or annex. Addition is not meant to include adding select words to the base IEC tex{.

Mbpdification / Modify -. A-modification is an altering of the existing base IEC text sych as the
addition, replacementtor’ deletion of certain words or the replacement of an entife clause,
sybclause, table, figure, or annex of the base IEC text.

Deletion / Delete - A deletion entails complete deletion of an entire numbered clause, gubclause,
table, figuresorannex without any replacement text.
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FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR - Part 5-2: Control circuit devices and

switching elements — Proximity switches

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guid
referred to 3s “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee

the subject
liaising wit

es (hereafter

dealt with may participate in this preparatory work. International, governmental and non-governmentalA

Standardizgtion (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an.international g

opinion on {

3) IEC Pub
sense. Whil
responsible|

4) In order

he relevant subjects since each technical committee has representation from all interested IEC National Com

E all reasonable efforts are made to ensure that the technical content of IEC Rublications is accurate, IEC cg
for the way in which they are used or for any misinterpretation by any end user,

o promote international uniformity, IEC National Committees undertake“to apply IEC Publications transpa

maximum gxtent possible in their national and regional publications. Any~divergence between any IEC Publica

correspond

hg national or regional publication shall be clearly indicated in th€)latter.

5) IEC itselfldoes not provide any attestation of conformity. Independent.certification bodies provide conformity assessn
and, in some areas, access to IEC marks of conformity. IEC is»not responsible for any services carried out by

certification

6) All users

7) No liabili
technical c
whatsoever,

bodies.

5hould ensure that they have the latest edition @fjthis publication.

y shall attach to IEC or its directors, ‘employees, servants or agents including individual experts and mq
mmittees and IEC National Committees for any personal injury, property damage or other damage o
whether direct or indirect, or for eosts (including legal fees) and expenses arising out of the publicatio

reliance upgn, this IEC Publication or any other IEC Publications.

8) Attention
correct appl|

9) Attention
not be held

This co

cation of this publication.

is drawn to thepossibility that some of the elements of this IEC Publication may be the subject of patent rig
esponsible foridentifying any or all such patent rights.

solidated version of IEC 60947-5-2 consists of the third edition (2007) [d¢

interested in
rganizations

the IEC also participate in this preparation. IEC collaborates closely with the Internationaly@Orggnization for

onsensus of
mittees.

cations have the form of recommendations for international use and are accepted-by IEC National Comntittees in that

nnot be held

rently to the
ion and the

ent services
independent

mbers of its
any nature
h, use of, or

is drawn to the Normative-references cited in this publication. Use of the referenced publications is indisperjsable for the

ts. IEC shall

bcuments

17B/157Q/FEDIS and 17B/1576/RVD] and its amendment 1 (2012) [documents 17B/1733
17B/1774/RVC]. It bears the edition number 3.1.

CDV and

The technical content is therefore identical to the base edition and its amendment and has been
prepared for user convenience.

International Standard IEC 60947-5-2 has been prepared by subcommittee 17B: Low-voltage switchgear
and controlgear, of IEC technical committee 17: Switchgear and controlgear.

The document 17B/1570/FDIS, circulated to the National Committees as Amendment 3, led to the
publication of the new edition.

The main

changes with respect to the previous edition are as follows:
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— modification of Table 3;

— modifications of voltage dips and voltage interruptions immunity tests, in Table 8;

— modification of status of Annex A, now informative.

This publi

cation has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts in the IEC 60947 series, under the general title Low-voltage switchgear and
controlgear, can be found on the IEC website.

The comn
unchange

related to

the specific publication. At this date, the publication will be

* reconfirmed,

« withdraw)n,

* replaced|by a revised edition, or

*« amendedl.

hittee has decided that the contents of the base publication and its amendmenits, Wil remain
0 until the stability date indicated on the IEC web site under "http://webstore.iec.eh" i the data

IMPORTANT - The “colour inside” logo on the cover. page of this publication indicates that it

containg colours which are considered to be useful for the correct understanding of its ¢
Users should therefore print this publication using a colour printer.

bntents.

D

T
t
1

D

V.1 DE Modification of the IEC Foreword by adding the following:

ousands and uses a comma instead of a period to indicate a decimal point. For
D00 means 1,000 and 1,01 means 1.01.

V.2 D2 Modification of the IEC Foreword by adding the following:

standards to the IEC 60947 series per Table DVB.2. Where specifically called

Tj«ais standard shall be read in conjunction with Canadian and United States e

e numbering system in.the standard uses a space instead of a comma to| indicate

pxample,

uivalent
for, any

reference to IEC 60947-5-2 or IEC 60947-1 shall be to the applicable clause — dither the
national difference “DV” clause or IEC clause, or a reference to the applicable standard
listed in the Annex. The provisions of the general rules are applicable to this standard,

'

here specifically called for.
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR - Part 5-2:

Control circuit devices and switching elements — Proximity switches

1

General

The provisions of the general rules in IEC 60947-1 are applicable to this standard, where specifically
called for. General rules clauses and subclauses thus applicable, as well as tables, figures and
appendices, are identified by references to IEC 60947-1, e.g. subclause 7.1.9.3 of IEC 60947-1 or Annex
C of IEC $0947-1.

Clauses |

switches pre given in Annex A.

1.1

This part

—

DV D2 Modification of Clause 1 by adding the following:

be considered normative, informative, or not applicable..Compliance with the
auses, tables, and figures is mandatory; compliance with’the informative claus
Ind figures is optional.

QO

Scaope and object

| to 8 contain the general requirements. Specific requirements for the various types of proximity

Annex DVA defines the specific clauses, tables, and figures 'inthis standard whjch are to

Iormative
s, tables,

of IEC 60947 applies to inductive and capacitive proximity switches that sense the presence of

metallic and/or non-metallic objects, ultrasonic.proximity switches that sense the presence| of sound

reflecting

magnetic|proximity switches that sense the presence of objects with a magnetic field.

These pr
to be con

d.c. This Btandard is not intended, to cover proximity switches with analogue outputs.

The objegt of this standard js’to state for proximity switches:

— definitigns;

— classifidation;

objects, photoelectric proximity switches that sense the presence of objects and non-mechanical

pximity switches are self-cantained, have semiconductor switching elements(s) and ar¢ intended
nected to circuits, the rated voltage of which does not exceed 250 V 50 Hz/60 Hz a.d. or 300 V

— characteristics;

— product information;

— normal service, mounting and transport conditions;

— constructional and performance requirements;

— tests to verify rated characteristics.


https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

14

CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2 MARCH 31, 2022

1.1DV D2 Modification of 1.1 by adding the following:

This equipment is intended for use on industrial machinery or mass production industrial
equipment as defined and installed in accordance with CSA C22.1, Canadian Electrical
Code (CE Code, Part I), and CSA C22.2 No. 301 in Canada, and NFPA 70, National Electrical
Code (NEC), and NFPA 79 in the USA.

1.2 Normative references

The folloWing referenced documents are Indispensable Tor the application of this document, For dated
reference$, only the edition cited applies. For undated references, the latest edition of the Ir¢éferenced

document|(including any amendments) applies.

IEC 60090(441):1984, International Electrotechnical Vocabulary (IEV) — Chapter 441: Switchgear,

controlgear and fuses
Amendmgnt 1 (2000)

IEC 60068-2-6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)
IEC 60068-2-14:2009, Environmental testing — Part 2-14: Tests —,Test N: Change of temperature

IEC 60068-2-27:2008, Environmental testing — Part 2-27: Tests ¥ Test Ea and guidance: Shock

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h+ 12 h

cycle)

IEC 60364 (all parts), Low-voltage electrical installations

IEC 6044p:2010, Basic and safety principles for man-machine interface, marking and identffication —

Identificatjon of equipment terminals, conductor terminations and conductors

IEC 60947-1:2007, Low-voltage Switchgear and controlgear — Part 1: General rules
Amendmgnt 1:2010

IEC 61000-3-2:2005, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmorlic current

emissions| (equipmentinput current < 16 A per phase)
Amendmgnt 1:2008
Amendmgnt 2:2009

IEC 61000-3-3:2008, Electromagnetic compatibility (EMC) — Part 3-3. Limits — Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment with rated
current < 16 A per phase and not subject to conditional connection

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement
techniques — Radiated, radio-frequency, electromagnetic field immunity test

Amendment 1:2007

Amendment 2:2010
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IEC 61000-4-4:2004, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement

techniques — Electrical fast transient/burst immunity test

IEC 61000-4-6:2008, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement

techniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61000-4-8:2009, Electromagnetic compatibility (EMC) — Part 4-8: Testing and measurement

techniques — Power frequency magnetic field immunity test

IEC 61000-4-11:2004, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement

techniqugs—=Yoltagedips, short interruptions amd vottage variatiorrs oty tests
IEC 61000-4-13:2002, Electromagnetic compatibility (EMC) — Part 4-13: Testing andomeasurement
techniqugs — Harmonics and interharmonics including mains signalling at a.c. powerpott, low{frequency
immunitytests
Amendment 1:2009
IEC 61076-2 (all parts), Connectors for electronic equipment — Product requirements — Part : Circular
connectofs
IEC 6114D:2001, Protection against electric shock — Common aspects for installation and equipment
Amendmeént 1 (2004)
CISPR 11:2009, Industrial, scientific and medical equipment — Electromagnetic Radio{frequency
disturbanfe characteristics — Limits and methods of measurement
Amendment 1:2010
ISO 630 (all parts), Structural steels
112DV DC Modification of 1.2 by adding the following:
Flor a list of normative standards, see Table DVB.1 and Table DVB.2. See Table PVC.1 for
component standards.
2 Definjtions
Clause 2 pof part_ 1 applies with the following additions:
Alphabeticatinmdexof defimtions References
A
Adjuster of a proximity switch 2.2.15
Adjuster of a capacitive proximity switch 2.2.15.1
Adjuster of an ultrasonic proximity switch 2.2.15.2
Ambient light for a photoelectric proximity switch 247
Assured operating distance (s;) 2317
Axial approach 2.3.3
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Blind zone
Break function

Capacitive proximity switch

Currents (/)

Damping material
Differential travel (H)
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Direct operated proximity switch

Effective|operating distance (s,)
Embeddable proximity switch

Emitter
Excess dain for a photoelectric proximity switch

Free zong
Frequengy of operating cycle (f)

Independent (snap) action
Indirect qperated proximity switch

Inductive proximity switch

Lateral approach

Make furfction
Make-bre¢ak, or changeover.function

Maximum operating distance
Minimun operating-distance

Minimun operational current (/,,)
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Neutral density-filters

No-load supply current (/,)
Non-damping material
Non-embeddable proximity switch

Non-mechanical magnetic proximity switch

OFF-state current (/,)
Operating distances (s)
Operating range (r,)

Operation of a proximity switch
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P
Parts of proximity switches 2.2
Photoelectric proximity switch 2114
Photoelectric proximity switch —type D 21.1.4.1
Photoelectric proximity switch — type R 21.14.2
Photoelectric proximity switch —type T 21143
Proximity switch (IEV 441-14-51) 2.1.1
R
Rated operating distance (s,) 23141
Receivef 2.2.13
Referenge axis 2.2.2
Reflectof 2.2.14
Repeat accuracy (R) 2.34
Response time proximity switch 2414
S
Semiconductor switching element 221
Sensing|face 2.2.11
Sensing|range (sy) 23.1.2
Sound absorbing material 2.2.8
Sound r¢flecting material 2.2.7
Standard target 2.2.3
Switching element characteristics 24
Switching element function 241
T
Time delay before availability (t,) 244
Total beam angle 2314
Turn off fime for a photoelectric proximity switch 24.1.6
Turn on fime for a photoelectric proximity switch 2415
U
Ultrasonfic proximity switch 21.1.3
Usable gperating distance (s,)) 2.3.1.6

2.1 Basic definitions
211
proximity switch

a position switch which is operated without mechanical contact with the moving part

[IEV 441-14-51])

1) See IEC 60050(441).


https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

18 CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2 MARCH 31, 2022

2.1.1.1

inductive proximity switch

a proximity switch producing an electromagnetic field within a sensing zone and having a semiconductor
switching element

21.1.2

capacitive proximity switch

a proximity switch producing an electric field within a sensing zone and having a semiconductor switching
element

2113
ultrasoni¢ proximity switch (see Figure 2)
a proximify switch transmitting and receiving ultrasound waves within a sensing zone “and |[having a
semicondyictor switching element

2114
photoele¢tric proximity switch (see Figure 1)
a proximity switch which senses objects that either reflect or interrupt visibler-invisible light and having a
semicondtictor switching element

2.1.1.41
type D

diffuse reflective photoelectric proximity switch which is directly operated through lateral or axial fapproach
to its referpnce axis by a defined object

21.14.2
type R

retrorefledtive photoelectric proximity switch whieh is indirectly operated through lateral appropch to its
reference [axis between emitter-receiver and reflector by a defined object

21.1.4.3
type T

through bpam photoelectric proximity switch which is indirectly operated through lateral approgch of its
reference [axis between emitter,and receiver by a defined object

2115
non-meclanical magnetic proximity switch
proximity [switch which senses the presence of a magnetic field and has a semiconductor |switching
element ahd no movinhg parts in the sensing element

21.1.6
direct operated proximity switch
proximity switch which detects its target without the use of an external means, e.g. a reflector

2117
indirect operated proximity switch
proximity switch which detects its target with the use of an external means, e.g. a reflector

2118
neutral density filters
filters which uniformly attenuate the intensity of light over a broad spectral range

NOTE Attenuation is accomplished by using either a light-absorbing glass or a thin-film metal coating that combines absorption and
reflection.
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2.2 Parts of a proximity switch

2.2.1

semiconductor switching element

an element designed to switch the current of an electric circuit by controlling conductivity of a
semiconductor

2.2.2 Reference axis

an axis perpendicular to the sensing face and passing through its centre

2222
referencé¢ axis for types R and D photoelectric proximity switches
an axis located midway between the optical axis of the emitter and this of receiver elements or Ignses (see

Figure 1)

2223
referencI axis for type T photoelectric proximity switches
an axis perpendicular to the centre of the emitter

223
standard target
a specifigd object used for making comparative measurements of the operating distances and sensing
distances

224
free zone
a volumg around the proximity switeh_which is kept free from any material capable of affecting the
characterjstics of the proximity switch

225
damping|material
a material which has an influence on the characteristics of a proximity switch

226
non-damping material
a materia] which has negligible influence on the characteristics of a proximity switch

2.2.7
sound-reflecting material
a material which reflects the ultrasound waves and gives detectable echoes

228
sound-absorbing material
a material with negligible reflecting characteristics for ultrasound waves which gives no detectable echo

2.2.9

embeddable proximity switch

a proximity switch is "embeddable" when any damping material can be placed around the sensing face
plane without influencing its characteristics
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2.210

non-embeddable proximity switch
a proximity switch is "non-embeddable" when a specified free zone around its sensing face is necessary in
order to maintain its characteristics

2.211 Sensing face

22111

sensing face of an inductive proximity switch
a surface of the proximity switch through which the electromagnetic field emerges

22112

sensing face of a capacitive proximity switch

a surface

22113

bf the proximity switch through which the electric field emerges

sensing face of an ultrasonic proximity switch

a surface

22114

bf the proximity switch where ultrasound is transmitted and received

sensing face of a non-mechanical magnetic proximity switch

a surface

2.2.12
emitter
the light s

2.213
receiver
the detect

2.2.14
reflector

bf the proximity switch through which the change in a magnetic field is detected

burce, lens and necessary circuitry which pravjde the light beam

a specified device used to reflect light back to the receiver for type R photoelectric proximity switc

2.2.15 Adjuster

22151

a part of

pacitive proximity switch used to set the operating distance. Its use compensates for

br, lens and necessary circuitry to“monitor the presence of the light beam from the emitter

hes

influence

adjuster %f a capacitive proximity switch

due to targetumaterial, transmission medium and installation (mounting) conditions

22152

adjuster of an ultrasonic or a photoelectric proximity switch
a part of an ultrasonic or a photoelectric proximity switch used to set the operating distance within the
sensing range

2.3 Ope

2.31

ration of a proximity switch

operating distances (s)
a distance at which the target approaching the sensing face along the reference axis causes the output
signal to change
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2.3.1.1

rated operating distance (s,,)

the rated operating distance is a conventional quantity used to designate the operating distances. It does
not take into account either manufacturing tolerances or variations due to external conditions such as
voltage and temperature

2.3.1.2
sensing range (sq4)
the range within which the operating distance may be adjusted

2.31.21
minimunl operating distance
the lower(limit of the specified sensing range of an ultrasonic or photoelectric proximity switch

23122
maximur operating distance
the upper limit of the specified sensing range of an ultrasonic or photoelectric proximity switch

2313
blind zone
the zone petween the sensing face and the minimum operating distance, where no object can bqg detected

2314
total beam angle
the solid @angle around the reference axis of an ultrasonic proximity switch, where the sound level drops by
3dB
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Reference axis .
- 1 Receiver

Emitter

o

Figure 1a-Type T, emmitter and receiver —Through beam photoelectric

_ Reference axis

Emitter and

receiver

Receiver

. r
Blind zone —e=| — 0 -—

for reflector

Figure 1b-Type R, emmitter—receiver and reflector — Retrareflective photoelectric

_ Reference axis

Emitter and

. object
receiver J

——————

. S,
Blind zone — g o d -

for object

Figure 1c —Type D, emmitter—receiver and object — Diffuse reflective photoelectric
S4985

Figure 1

Sensing range and operating range of photoelectric proximity switches

(see 7.2.1.3and 8.4)
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23.15

effective operating distance (s,)

the operating distance of an individual proximity switch, measured at stated temperature, voltage and
mounting conditions

2.3.1.6
usable operating distance (s,)
the operating distance of an individual proximity switch, measured under specified conditions

2.31.7
assured pperating-distanee-{s3)

the distapce from the sensing face within which the correct operation of the proximity-switch under
specified [conditions is assured

2.3.1.8 pperating range (r,)
range within which a lateral approach of the target causes the output signal of a through beam or
retroreflegtive proximity switch to change

2.3.2
lateral agproach
the approach of the target perpendicular to the reference axis

2.3.3
axial approach
the approach of the target with its centre maintained onthe'reference axis

234
repeat agcuracy (R)
the valuelof variation of the effective operating.distance (s;) under specified conditions

235
different{al travel (H)
the distarjce between the operating point when the target approaches the proximity switch and the release
point when the target moves away

2.4 Swijtching element characteristics
241 switchingelement function

2411
make furjction

a make function causes load current to flow when a target is detected and load current not to flow when a
target is not detected

2412

break function

a break function causes load current not to flow when a target is detected and load current to flow when a
target is not detected

2413
make-break, of changeover function
a switching element combination which contains one make function and one break function
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2414

response time for a proximity switch

the time required for the device switching element to respond after the target enters or exits the sensing
zone

2415

turn on time for a photoelectric proximity switch

the time required for the switching element to respond after the target enters the sensing range with
excess gain of 2 (see 2.4.6)

2416
turn off time for a photoelectric proximity switch
the time required for the switching element to respond after the target exits the sensing range‘with excess
gain of 0,4 (see 2.4.6)

242
independent (snap) action
a switching element function substantially independent from the velocity of thetarget

243
frequency of operating cycles (f)
number of| operating cycles performed by a proximity switch during a specified period of time

244

time delay before availability (t,)
the time delay before availability is the time between the switching on of the supply voltage and the instant
at which the proximity switch becomes ready to operate correctly

2.4.5 Cudrrents (/)

2.4.5.1
off-state ¢urrent (/)
the current which flows through the.load circuit of the proximity switch in the OFF-state

2452
minimum|operational carrent (/,,)
the current which is necessary to maintain ON-state conduction of the switching element

2453
No-load supply-current (/,)
the current drawn by a three or four-terminal proximity switch from its supply when not connected|to a load

246

excess gain for a photoelectric proximity switch

the ratio of the light received by the photoelectric proximity switch to the light required to operate the
photoelectric proximity switch

247

ambient light for a photoelectric proximity switch

for the purpose of this standard, ambient light is the light received by the receiver other than that
originating from the emitter
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Minimum operating distance =

Assured

S4986

Blind zone

— P —

Sensing range

!

| |

_ | Effective operating

aperating distance (s.)
L 7 N U7

Total beam
angle

Reference axis

distance (sr)

A

Maximum operating distance

Figure 2

Ultrasonic proximity switch operating distances
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Table 1
Classification of proximity switches

15 ps./1 digit

™ 568,71 digit

3™ p0s.13 digits

Z*pos. /T digit

5 pos.IT digit

6™ pos./1 digit

SENSING MEANS

30 min

IMECHANICAL CONSTRUCTION FORM SWITCHING ELEMENT TYPE OF QUTPUIT METHOD OF
INSTALLATION AND SIZE FUNCTION (OUTPUT) CONNECTION
341 3.2 3.3 3.4 3.5 3.6
| = inductive = embeddable FORM (1 capital letter) A =NO (make) RS PNP-output 1 = integral leads
C = capacitive 3 non-embeddable A = cylindrical B = NF (break) 3 or 4 terminal d.q. 2 = plug-in
U = ultrasonic 3 = either threaded barrel C = changeover N = NPN-output 3 = screw
D = diffuse reflective B = cylindrical smooth (make-break) 3 or 4 terminal d.q. 9 = other
photoelectric barrel
M = non-mechanical C = rectangular with square | P = programmable\by user D =2 terminal d.q4.
magnetic cross-section
R = retroreflective D = rectangular with S.= other F =2 terminal a.q
photoelectric rectangular cross-section
T = through beam DIMENSION (2 numbers) U =2 terminal
photoelectric
for diameter or side length a.c.ord.c.
S = other
Ultrasonic proximity switch example:
U 3 A30 A D 2
Ultrasonic Either Cylindricalthreaded NO (make) function 2 terminal d.c. Plug in
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3 Classification

Proximity switches shall be classified according to various characteristics as shown in Table 1. It is

recomme

nded that their dimensions are in accordance with those listed in Annex A.

3.1 Classification according to sensing means

In this standard the sensing means is designated by a capital letter in the first position.

3.2 Classification according to the mechanical installation

The mect

anical installation is designated by one digit in the second position.

3.3 Classification according to the construction form and size

The cons
three-digi

The capit

The two
rectangul

ruction form and the size are designated by three digits, one capital letter and two nurj
[ designation is placed in the third position.

bl letter designates the construction form, e.g. cylindrical or rectangular.

humbers designate the size, e.g. the diameter of cylindrical types or a length of on
br types.

3.4 Classification according to switching element function

The switc

hing element function is designated by a €apital letter placed in the fourth position.

3.5 Classification according to type of output

The type

bf output is designated by a capital letter and placed in the fifth position.

3.6 Classification according to.method of connection

The meth|

od of connection is'designated by a one-digit number placed in the sixth position.

4 Chargcteristics

4.1 Summary-of characteristics

The Char etarictinre Nf A nravimity owwiteh chall ha otatad in tha fallawina tarmc
GCteHSHES-oapProXiHty-SWherh-SHahDe-State e+t nowiRg—te S

O Y 1S LERE)

— Operating conditions (4.2)

— Rated and limiting values (4.3)

Rated voltages (4.3.1)

Currents (4.3.2)

Rated supply frequency (4.3.3)

Frequency of operating cycles (4.3.4)

bers. This

e side for
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Normal load and abnormal load characteristics (4.3.5)

Short-circuit characteristics (4.3.6)
— Utilization categories for the switching element (4.4).
4.1.1 Operation of an inductive or capacitive proximity switch

The output signal is determined by the presence or absence of a designated object in the electromagnetic
or electric field which absorbs or alters energy radiated from the sensing face.

4.1.2 Operation of an ultrasonic proximity switch

The outpdt signal is determined by the presence or absence of a designated object in the sensing zone
which reflg¢cts ultrasound energy radiated from the sensing face.

4.1.3 Operation of a photoelectric proximity switch

The output signal is determined by the presence or absence of a designated object that either feflects or
interrupts yisible or invisible light radiated from the emitter.

NOTE Many| manufacturers of photoelectric proximity switches have traditionally’ used the terminology “light-operated| and “dark-
operated”. Ir] this case, if the presence of light at the receiver causes the output)element to be in ON state then the device is called
“light-operat¢d”, and if the presence of light at the receiver causes the outgut to be in OFF state, then the device is galled “dark-
operated”.

4.1.4 Operation of a magnetic proximity switch

The outpdt signal is determined by the presence or absence of a designated object, which produces a
change inla magnetic field within the sensingzone.

4.2 Opefating conditions

4.2.1 Operating distance (s) of.inductive and capacitive proximity switches
The relatignship betweenithe’operating distances is shown in Figure 3.

4.21.1 Rated operating distance (s,)

Rated opgrating distances are specified in the relevant annexes.

4.2.2 Operating distance (s) of an ultrasonic proximity switch
The relationship between the operating distances is shown in Figure 4.
4.2.2.1 Sensingrange (sq)

Sensing range values are given in the relevant annexes.
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4.2.3 Operating distance(s) of a photoelectric proximity switch

4.2.31

For photoelectric proximity switches type D, the operating distances are given as the sensing range (sy).

Sensing range (sq)

4.2.3.2 Operating range (r,)

For photoelectric proximity switches type T and R, the operating distances are given as the operating
range (r,).

Relartionship between operating distances of inductive and capacitive proximity swit

Reference axis
|

I
| Standard target |

|____? I S Sumax + H
Sumax ____________ I ] .
o | e N Srmax T
Srmax ____________ I I "
| sn+H
Sn !
. - O I Srmint H
Srmin ____________ I 1
_ N\ I SumintH
Sumin ____________ Ll ___% J
I L]
Assured operating I
distance Sa | Sensing face
| /
|
I
I
| -
| Prgxumlty
- switch
I
54987 |
Figure 3

ches

(see4.2.1,7.2.1.3and 8.4.1)
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Reference axis
|

I
| Standard target

Maximum operating !'"" """"" smox *+
distance SMOX oo F----- 1

I
Effective operating s |
distance Mmoo F{-=---7----- i

|

|
Assured operating [S— I Smint H
distance SQ o _____ —z____ :
Minimum operating ~ Smin "TTTTTTTTT y > |_Blind zope
distance sensi\’f

% ensing face

I

!

i Ultrasonic proximity

\,x switch

54988 |

Figure 4

Relationship between operating distances of ultrasonic proximity switches

(seed.2.2,7.2.1.3and 8.4.1)
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4.3 Rated and limiting values for the proximity switch and switching element(s)
4.3.1 \Voltages
The proximity switch and its switching element(s) are defined by the following rated voltages:
4.3.1.1 Rated operational voltage (U,)
The rated operational voltage (U,) (or range) shall not exceed 250 V a.c. or 300 V d.c.
NOTE The manufacturer may state a range between the limiting values which include all the tolerances of U,, this.rgnge shall be
designated .
The relatipnship between U, and Ug is shown below:
Ue min Ue 'max
Rated operational voltage (Ug)
________ | | —
UB
] i
Ue mir - 15% Ue mox+107o
S4990
4.3.1.2 Rated insulation voltage (U,
The rated insulation veltage of a proximity switch is the value of voltage to which the dielectfic voltage
tests and|creepage-distances are referred.
For proximity switches the highest rated operational voltage shall be considered to be the rated|insulation

voltage.

4.3.1.3 Rated impulse withstand voltage (Uiy,)

Subclause 4.3.1.3 of IEC 60947-1 applies.

4.3.1.4 Voltage drop (Uy)

The voltage drop is the voltage measured across the active output of the proximity switch when carrying

the opera
432 C

The proxi

tional current flows under specified conditions. The values are specified in 7.2.1.15.
urrents

mity switch and its switching element are defined by the following currents.
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4.3.2.1 Rated operational current (/,)
See 7.2.1.11.

4.3.2.2 Minimum operational current (/;,)
See 7.2.1.12.

4.3.2.3 OFF-state current (/)

See 7.2.1]13.
4.3.2.4 No-load supply current (/,)

The no-lgad supply current of a three- or four-terminal proximity switch shall be stated by the
manufactyrer.

4.3.3 Rated supply frequency
The rated|supply frequency shall be 50 Hz and/or 60 Hz.
4.3.4 Frequency of operating cycles (f)

The frequency of operating cycles shall be in accordance with the relevant annexes or stat¢d by the
manufactyrer.

4.3.5 Ndrmal load and abnormal load characteristics

4.3.51 ated making and breaking capacities and behaviour of switching element undernormal
conditio

A switching element shall comply with the requirements given in Table 4.

NOTE For & switching element to"which a utilization category is assigned, it is not necessary to specify separately a making and
breaking cagacity.

4.3.5.1DV D2-Modification of 4.3.5.1 by replacing it with the following:

A|switching element shall comply with Table 4 of CSA C22.2 No. 60947-5-1/UL 60947-5-1.

4.3.5.2 Making and breaking capacities under abnormal conditions

A switching element shall comply with the requirements given in Table 5.

NOTE For a switching element to which a utilization category is assigned, it is not necessary to specify separately a making and
breaking capacity.
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4.3.6 Short-circuit characteristics
4.3.6.1 Rated conditional short-circuit current

The rated conditional short-circuit current of a proximity switch is 100 A prospective. The proximity switch
shall withstand satisfactorily the test specified in 8.3.4.

4.4 Utilization categories for the switching element

The utilization categories as given in Table 2 are considered standard. Any other type of application shall
be based on agreement, between manufacturer and user, but information given in_manyfacturer's
catalogug or tender may constitute such an agreement.

Table 2
Utilization categories for switching elements

Kind of current Category Typical\applications
Alterpating current AC-12 Control of resistive loads and solid state loads with| optical
isolation
AC-140 Control of smallelectromagnetic loads with holding (closed)
current 0,2 A
e.g. contactor relays
Difect current DC-12 Cantrol of resistive loads and solid state loads with| optical
isolation
DC-13 Control of electromagnets

4DV D2 Modification of 4.4 by replacing it with the following:

he switching element rating*and required load designation shall be in accordance with

ble 4.4DV of CSA C22.2 No. 60947-5-1/UL 60947-5-1. In addition, utilization gategories
and/or additional load designhations may be marked.
5 Product information

5.1 Nature of information — Identification

The following information shall be given by the manufacturer:

a) The manufacturer's name or frade mark.

b) A type designation or other marking which makes it possible to identify the proximity switch and get the
relevant information from the manufacturer or his catalogue (see Table 1).

c) Reference to this standard if the manufacturer claims compliance.
Basic rated values and utilization
d) Rated operational voltage(s) (see 4.3.1.1).

e) Utilization category and rated operational currents at the rated operational voltages and rated
frequency/frequencies or at direct current, d.c.
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f) Rated insulation voltage (see 4.3.1.2).

g) Rated impulse withstand voltage (see 4.3.1.3).
h) IP code (see 7.1.10).

i) Pollution degree (see 6.1.3.2).

j) Type and maximum ratings of short-circuit protective device (see 7.2.5).

k) Rated donditional short-circuit current (see 4.3.6.1).
) Electronpagnetic compatibility (EMC) (see 7.2.6).
m) Operating distances (see 7.2.1.3).

n) Repeat|accuracy (see 7.2.1.4).

o) Differential travel (see 7.2.1.5).

p) Frequepcy of operating cycles (see 7.2.1.6).

r) Minimur operational current (see 7.2.1.12).

s) OFF-state current (see 7.2.1.13).

t) No-load|supply current (see 4.3.2.4).

u) Voltage drop (see 7.2.1.15).

v) Switching element function (see 2:4.1).

w) Mountipg application, embeddable or non-embeddable (see 2.2.9 and 2.2.10).

x) Physicdl dimensions(see 7.3).
y) Excess|gain (s€€)7.2.1.10).

5.N1DV'D2 Modification of 5.1 by adding the following:

5.1DV.1 Items f) and j) through y) are optional.

5.1DV.2 Item g) is optional except when evaluating creepage and clearance distances per
subclause 7.1.4 of CSA C22.2 No. 60947-1/UL 60947-1.

5.1DV.3 Item h) is optional and may be in addition to the required enclosure Type ratings
according to 7.1.12DV of CSA C22.2 No. 60947-1/UL 60947-1.
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5.2 Marking
5.2.1 General

Marking of data under a) and b) of 5.1 is mandatory on the nameplate or marked on the body of the
proximity switch in order to permit the complete information to be obtained from the manufacturer.

Cylindrical proximity switches of 12 mm or smaller body diameter may provide this marking on the cord or
on a tag permanently attached to the cord, located no further than 100 mm from the body of the device.

Marking $hall be Indelible and easily legible, and shall not be placed on parts normally removable in
service.

Data under c) to y) when not included on the proximity switch, shall be included in"the manpfacturer's
literature.

5/2.1DV D2 Modification of 5.2.1 by adding the following:

5(2.1DV.1 The data specified in Items d) and e) of Clause 5.1'shall be marked on the
}?meplate of the proximity switch . Where space does not'permit complete electrical

-

tings, one or more ratings shall be marked on the device, with additional rating(s)
rovided in the manufacturer's published literature:

[4)]

2.1DV.2 When the marked ratings described in.ltem e) of Clause 5.1 are the code
signations specified in CSA C22.2 No. 60947-5-1/UL 60947-5-1, Tables A.1, A.2, }nd A.3,

the information concerning the voltage and’overload current ratings for each contact rating
de designation shall be published in a-catalog, contained on a marking sheet pgcked
ith the product, or otherwise made-available to the user.

[4,]

2.1DV.3 A proximity switch thatexceeds a temperature greater than 50 °K on an
iccessible surface shall be marked “WARNING — HOT SURFACE - RISK OF BURN?".

Q

m Canada, the equivalent French wording is as follows: “AVERTISSEMENT - $URFACE
JHAUDE - RISQUE.DE BRULURE”.

5.2.2 Tgrminal identification and marking

Subclausg 7.174 applies.

2.2.2DV D2 Modification of 2.2.2 by adding the rollowing:
A wiring diagram shall be provided to indicate the proper identification of field wiring
leads, individual leads of integral cords, and pinout diagrams for connectors.

5.2.3 Functional markings

The sensing face shall be marked where this is not apparent by the construction of the proximity switch.
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5.3 Instructions for installation, operation and maintenance

The manufacturer shall specify the conditions for installation, operation and maintenance of the proximity
switch.

He shall also specify the recommended extent and frequency of maintenance, if any.
6 Normal service, mounting and transport conditions

6.1 Normal service conditions

Proximity pwitches complying with this standard shall be capable of operating under the following standard
conditions.

NOTE If the|conditions for operation differ from those given in this standard, the user shall state the deviations from the standard
conditions ad consult the manufacturer on the suitability for use under such conditions.

6.1.1 Ambient air temperature
6.1.1DV D2 Modification of 6.1.1 and all subclauses by replacing them with the following:

Clause 6.1.1 of CSA C22.2 No. 60947-1/UL 60947-1 applies.

6.1.1.1 Iphductive, capacitive, non-mechanical magnetic and ultrasonic proximity switches

These proximity switches shall operate between\ the ambient temperatures of —25 °C to +7Q °C. The
operating characteristics shall be maintained over the permissible range of ambient temperature.

NOTE For ultrasonic proximity switches, due to théifact that the speed of sound is dependent upon air temperature, the operating
distance may change by 0,17 % per kelvin.

6.1.1.2 Rhotoelectric proximity switch

Photoeledfric proximity switches shall operate between the ambient temperatures of -5 °C to +55 °C. The
operating characteristics shall be maintained over the permissible range of ambient temperature.

6.1.2 Alfitude

Subclausg 6:1:2 of IEC 60947-1 applies.

6.1.3 Climatic conditions
6.1.3.1  Humidity

The relative humidity (RH) of the air shall not exceed 50 % at 70 °C. Higher relative humidities are
permitted at lower temperatures, e.g. 90 % at +20 °C.

NOTE Condensation on the sensing face and the change of humidity may influence the operating distances. Care should be taken of
condensation which may occur due to variations in temperature. (50 % RH at 70 °C equivalent to 100 % RH at 54 °C).
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6.1.3.1DV D2 Modification of 6.1.3.1 by replacing it with the following:

Clause 6.1.3.1 of CSA C22.2 No. 60947-1/UL 60947-1 applies.

6.1.3.2 Pollution degree

Unless otherwise stated by the manufacturer, a proximity switch is intended for installation under
environmental conditions of pollution degree 3 as defined in 6.1.3.2 of IEC 60947-1. However, other
pollution degrees may apply depending upon the micro-environment.

6.2 Cornditions during transport and storage

A special agreement shall be made between the user and the manufacturer if the ,conditigns during
transport jand storage, e.g. temperature and humidity conditions, differ from those déefined in 6.1.

6.3 Mounting
Mounting|dimensions and conditions shall be according to the relevant specification sheet of Annex A.
7 Constructional and performance requirements
7.1 Corjstructional requirements

7.1.1 Materials

Materials|shall be suitable for the particular application and shall enable the equipment to comply with the
relevant test requirements.

Special aftention shall be called to flame ‘and humidity resisting qualities, and to the necessity|to protect
certain ingulating materials against humidity.

NOTE Reqyirements are under consideration.
711.1DV D2 Modification of 7.1.1 by replacing it with the following:

Qlause 7.1.2-and all subclauses of CSA C22.2 No. 60947-5-1/UL 60947-5-1 applies.

7.1.2 Current-carrying parts and their connections

Current-carrying parts shall have the necessary mechanical strength and current-carrying capacity for
their intended use.

For electrical connections, no contact pressure shall be transmitted through insulating material other than
ceramic or other material with characteristics not less suitable, unless there is sufficient resiliency in the
metallic parts to compensate for any possible shrinkage or yielding of the insulation material.

7.1.3 Clearances and creepage distances

Subclause 7.1.4 of IEC 60947-1 applies.
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7.1.3DV D2 Modification of 7.1.3 by adding the following:

Creepage and clearance distances at field wiring terminals shall be evaluated in
accordance with Annex DVD. Where the design of the field wiring terminals is such that it
precludes the possibility of reduced spacing due to stray strands or improper wiring
installation, Clause 7.1.4 of CSA C22.2 No. 60947-1/UL 60947-1 applies. Creepage and
clearance distances at other than field wiring terminals may be evaluated in accordance
with Annex DVD or Clause 7.1.4 of CSA C22.2 No. 60947-1/UL 60947-1.

7.1.4 Actuation

Proximity |switches are tested for operation by the presence or absence of the stapdard target, the
characterigtics of which are specified in 8.3.2.1.

7.1.5 Vagant

7.1.6 Vagant

7.1.7 Tefminals

7.1.7.1 Constructional requirements
Subclause 7.1.8.1 of IEC 60947-1 applies.
7.1.7.2 Connecting capacity
Subclause 7.1.8.2 of IEC 60947-1 applies.

7.1.7.2DV D2 Modification of.7.1:7.2 by replacing it with the following text and Tablé¢s
7.1.7.2DV.1 and 7.1.7.2DV.2;

Ampacity of conductors-are sized to Table 7.1.7.2DV.1 and Table 7.1.7.2DV.2.

Table 7.1.7.2DV A1
Ampacities of insulated conductors

Wire size 60 °C (140 °F) 75 °C (167 °F)
AWG (mm?) Copper Aluminum Copper Aluminum
24 (0,2) 2 - - -
22 (0,3) 3 - - -
20 (0,5) 5 - - -
18 (0,8) 7 - - -
16 (1,3) 10 - - -
14 (2,1) 15 - 15 -
12 (3,3) 20 15 20 15
10 (5,3) 30 25 30 25
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Table 7.1.7.2DV.2
Ampacity of flexible cord conductors
Conductor Size, Number of conductors
mm? (AWG) 2 3a
30 0,5A 0,5A
28 0,8A 0,8A
26 1A 1A
0,2 (24) 2A 2A
0,32 (22) 3A 3A
0,5 (20) 5A 5A
1,0 (18) 10A 7A
1,5 (16) 13A 10A
2,5(14) 18A 15A
Where more than three current-carrying conductors are provided, the ampacity of each of the condyctors
Shall be: 80 percent of these values for 4 — 6 conductors; 70 percent of these values for 7 — 9 conductprs; 50
percent of these values for 10 — 20 conductors; 45 percent of these values for 21)— 30 conductors; 40 percent of
hese values for 31 — 40 conductors; and 35 percent of these values for 41 or'more conductors.
7.1.7.3 [Lonnection means
Subclausg 7.1.8.3 of IEC 60947-1 applies with the following.additions:
Proximity| switches may have integral connecting leads; in this case the outer sheath of the gonnecting
leads shquld be 2,"" m long unless otherwise agreed between manufacturer and customer. Information
provided py the manufacturer may constitute such an agreement.
NOTE Natidnal US Electrical Code states that:
1) the free I¢ngth of a field wiring lead is not-less'than 152 mm long or 100 mm when intended for installation in an outlet pox;
2) a lead thht is intended to be splicéd.in the field to a circuit conductor is not smaller than 0,2 mm? (24 AWG) and the insulation,
when rubbe} or thermoplastic, is notJess than 0,8 mm thick.
7.1.7.4 Lonnection.identification and marking
Subclause 7.1.8:4-of IEC 60947-1 applies with the following additions.
Proximity| switches with integral connecting leads shall have wires identified with colours acfording to
Table 3.
Proximity switches with terminal connections shall be identified according to Table 3.
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Table 3
Connection and wiring identification
Type Function Wire Wire colour Terminal number® & ¢
2 terminals a.c. Any colour @ except Yellow, 3
NO (make) Green or Green and yellow 4
and 1
) . NC (break)
2 terminals d.c. unpolarized 2
1
NO/NC programmable 4
+ Brown 1
NO (make) W
: ! - Blue 4
2 terminals f.c. polarized
+ Brown 1
NC (break)
- Blue 2
+ Brown 1
NO (make) - Blue 3
Output Black 4
3 terminals f.c. polarized
+ Brown
NC (break) - Blue 3
Output Black 2
L Brown 1
3 terminals p.c. NO (make) Blue 3
and Output Black 4
L Brown 1
3 terminals p.c./d.c.
polarized NC (break) Blue 3
Output Black 2
+ Brown 1
) ) Change over - Blue 3
4 terminals f.c. polarized (make/break) NO output Black 4
NC output White 2
+ Brown 1
- Blue 3
NO output Black 4
NC output White 2
8 poles M13 connector d’¢.\| NO, NC and other not )
polarized 9 defined functions Not defined Grey 5
Not defined Pink 6
Not defined Violet 7
GND ﬁrangn e fol
Screen Screen | 8
+ Brown 1
- Blue 3
NO output Black 4
12 poles M12 connector NO, NC and other not NC output White 2
d.c. polarized ¢ defined functions Not defined Grey 5
Not defined Pink 6
Not defined Violet 7
GND Orange °© 8

Table 3 Continued on Next Page
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Table 3 Continued
Type Function Wire Wire colour Terminal number® ¢ ¢

Screen Screen f 8
Not defined Grey/Pink 9
Not defined White/Blue 10
Not defined White/Grey 1
Not defined Grey/Brown 12

all be the

bns other

this table. In this case, the manufacturer shall give a clear indication of the function of each terminal.

¢ For conngctors without screen connection.
f For conndctors with screen connection.
9 Recomménded colour coding. The manufacturer shall state the actual wire colours used in the.information for use.

" For proxirnity switches with 3 poles M5/M8 connector the NC output is connected to terminal 4.

hown in

The bi-cdlour of green-and-yellow (green/yellow) shall be used only to identify the protective [conductor

(IEC 60446). To maintain historic integrity of earth security, the Colour green shall not be used fol
purpose than to identify the protective earth conductor.

711.7.4DV DR Modification to 7.1.7.4 by replacing it with the following:

grounding/bonding conductors.

7.1.8 Vacant
7.1.9 Provisions for protective earthing
7.1.9.1 Lonstructional requirements

Subclausg 7.1.10-40f IEC 60947-1 applies with the following addition.

any other

Tlhe bi-color green-and-yellow or _green shall only be used to identify egquipment

NOTE 1 Fqr preximity switches having class Il insulation, the outside metal enclosure is not required to be connected to the

protective eprth terminal (see IEC 61140).

NOTE 2 Proximity switches with maximum rated voltages not exceeding either 50 V a.c. or 120 V d.c. need no provision for protective

earthing.

Consideration must be given to the safety insulation of the supply and its transformer (i
accordance with the installation rules (see IEC 60364).

7.1.9.2 Protective earth terminal

Subclause 7.1.10.2 of IEC 60947-1 applies.

f any) in
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7.1.9.3 Protective earth terminal marking and identification

Subclause 7.1.10.3 of IEC 60947-1 applies.

7.1.10 Degree of protection

Proximity switches, when installed in accordance with the manufacturer's instruction shall have minimum
IP65 protection, except for photoelectric switches which shall have minimum IP54 protection and shall be
verified according to 8.2.

NOTE Durin
7.

S

7111 R
See Anne
7112 C
These de
For class
7.2 Perf
The follow
721 Op
7211 (

The equip
sheet (An

For the te

thetestforthedegree of protection the operation of the proximity Switch s Tot Tequirea:

1.10DV D2 Modify 7.1.10 by adding the following:

ibclause 7.1.11 of CSA C22.2 No. 60947-1/UL 60947-1 applies.

equirements for proximity switches with integrally connected-cables
X C.
lass Il proximity switches

ices shall not be provided with means for protective earthing (see IEC 61140).
| proximity switches insulated by encapsulation, see Annex B.

brmance requirements

ing requirements apply to clean hew equipment.

erating conditions

beneral

ment shall ‘be*mounted in accordance with the instructions given in the relevant spg
nex A) or-by the manufacturer.

bts«0f 7.2.1.3 through 7.2.1.6 the load shall be adjusted to provide 0,2 /..

beification

7.2.1.2 Operating limits

The proximity switch shall operate satisfactorily

a) between 85 % and 110 % of U,, or

b) between 85 % U, min and 110 % of Ug mayx, OF

c) over the range Ug.

For d.c., the value of the ripple voltage (peak to peak) shall not exceed 0,1 U, (see 4.3.1.1).


https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

MARCH 31, 2022 CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2 43

7.21.3 Operating distances

The operating distances are measured according to 8.4. The operating distances are stated when the
target is moving towards the proximity switch in an axial approach.

For inductive and capacitive proximity switches, the relationship between the operating distances is shown
in Figure 3.

For ultrasonic proximity switches, the relationship between the operating distances is shown in Figure 4.

For photdeleciric proximity switches, the relafionship between the operating distances 1S shown in Figure
1.

7.2.1.3.1| Effective operating distance (s;)

The effective operating distance is measured at the rated voltage and at an ambient temperatune of 23 °C
+5°C.

— For inductive and capacitive proximity switches it shall be between 90 % and 110 % of|the rated
operating|distance (s,):

0,9 s5,<s.<1,1s;

— For ultr@sonic proximity switches it shall be any distancé between the minimum and maximum| operating
distanced

minS S}"S S'max

s
7.2.1.3.2| Usable operating distance (s{,)

Usable operating distance is measured over the ambient temperature range and the supply [voltage at
85 % and| 110 % of their rated value:

— For inductive and ultrasonic proximity switches, it shall be between 90 % and 110 % of the¢ effective
operating|distance (s;):

0,9s.<s,<1,1s,

— For capeitive proximity switches, it shall be between 80 % and 120 % of the effective operating distance

(s0):

0,85.<s5,<1.25,

7.2.1.3.3 Assured operating distance (s,)

— For inductive proximity switches, the assured operating distance is between 0 % and 81 % of the rated
operating distance s,:

0<s5,<0,9x0,9 s,
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— For capacitive proximity switches, the assured operating distance is between 0 % and 72 % of the rated
operating distance s,:

7.21.3.4

0<5,£0,9%0,8 s,

Operating range (r,) for photoelectric proximity switches of types Tand R

The operating range is measured according to 8.4.

The oper:

ting range is shown

—in Figure

—in Figure

 11a for type T: emitter and receiver,

 11b for type R: emitter-receiver and reflector.

The opergting range and the value of the excess gain shall be stated by the manufacturer for less

Ixand 50

The exceg

7.21.3.5

The sensi

The sensi

The sensi
Ixand 50

7.2.1.3.6

DO Ix of ambient light according to the test method specified in 8.4,2,

s gain is determined according to 8.4.2.1.

Sensing range (s,) for photoelectric proximity switches of type D
ng range and/or the operating distance is measured according to 8.4.
ng range is shown in Figure 11c for type D; €mitter-receiver and object.

Ng range and the value of the excess-gain shall be stated by the manufacturer for less
DO Ix of ambient light according to the'test method specified in 8.4.2.

Sensitivity and operating distances of non-mechanical magnetic proximity switq

For non-fnechanical magnetic -proximity switches, the operating sensing characteristics

tolerances
7.21.4
The repec

ambient te
a toleranc|

shall be declared by\the manufacturer.
Repeat accuracy (R)

t accuracy of the effective operating distance (s;) is measured over an eight hour pe
mperature of between 23 °C £ 5 °C at a relative humidity of any value in the range of
e .0f\+5 % and with a specified supply voltage.

than 300

than 300

thes

and their

riod at an
6.1.3.1 to

The difference between any two measurements shall not exceed 10 % of the effective operating distance

(s:):

R<0,1s,

7.2.1.5 Differential travel (H)

The differential travel is given as a percentage of the effective operating distance (s;). The measurement is
made in accordance with 8.4.1.3 at an ambient temperature of 23 °C £ 5 °C and at the rated supply

voltage. It

shall be less than 20 % of the effective operating distance (s,):
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H<0,2s,

7.21.6 Frequency of operating cycles (f)
7.2.1.6.1 Inductive, capacitive and ultrasonic proximity switches

The frequency of operating cycles shall be in accordance with the relevant annexes and shall be
measured according to 8.5.1 and 8.5.2.

7.2.1.6.2 _Photoelectric proximity switch

The frequency of operating cycles (f) is determined from the formula:

B 1
ton + toff

f

where
t,n is the turn on time;

toi is the turn off time;

and shallpe stated by the manufacturer;

t,n and t,4 shall be measured according to 8.5.3.

7.2.1.7 [ime delay before availability (t,) (Start-up time)
The time felay before availability shalliot exceed 300 ms.

During th|s time the switching element shall not give any false signal. A false signal is a signal pther than
zero which appears for longer than 2 ms (see 8.3.3.2.1).

NOTE Zero|signal means that enly OFF-state current flows through the load.

7.2.1.8 [furn ontime (t,,)

The turn ¢n time and the measuring method shall be stated by the manufacturer.

7.2.1.9 Turn off time (t,5)

The turn off time and the measuring method shall be stated by the manufacturer.
7.2.1.10 Excess gain, photoelectric proximity switch

The excess gain and the measuring method shall be stated by the manufacturer.
7.2.1.11 Rated operational current (/)

The rated operational current shall be:
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50 mA d.c. or

200 mA a.c.r.m.s.

Greater values may be agreed upon between manufacturer and user.
7.2.1.12 Minimum operational current (/)

The minimum operational current shall be:

2 termingls In<5mAd.c.ora.c.rm.s.
3 or 4 terminals I,<1mAd.c.

and verifigd according to 8.3.3.2.2.
7.2.1.13 | OFF-state current (/)

The maximum current (/,) which flows through the load circuit of a praximity switch in the OFF-gtate shall
be:

2 terminals I.£1,5mAd.c.or

l,£3mAa.c.rms.
3 or 4 tefminals I,<0,5mAd.c.

and verifigd according to 8.3.3.2.3.

7.2.1.14 |Switching element operation

oY)
w
N
~

The switching element operation shall be independent action and shall be verified according to 8.3.

7.2.1.15 |Voltage drop (Uy)

The voltage drop measured according to 8.3.3.2.5 shall be:

2 termingls Uss8Vd.c.or
Uy<10Va.c.r.m.s.
3 or 4 terminals Ug<3,5Vd.c.

7.2.2 Temperature rise
Subclause 7.2.2 of IEC 60947-1 applies with the following additions.

The temperature rise limit for proximity switches is 50 K. This temperature rise applies for the exterior of
enclosure, metallic or non-metallic materials, and for terminals.
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7

.2.2DV D2 Modification of 7.2.2 by adding the following:

The temperature rise for an accessible surface of an enclosure may be exceeded when
marked according to 5.2.1DV.3.

7.2.3 Di

electric properties

The proximity switch shall be capable of withstanding the dielectric tests specified in 8.3.3.4.

For class
7.2.31
The minirn

The char
energy: 0

NOTE For g
achieve this

724 A
7.241
a) Making

Th
cg
in

b) Making
TH

Cg
un

Il proximity switches insulated by encapsulation, see Annex B.
mpulse voltage withstand
num test voltage shall be 1 kV.

hcteristics of the impulse generator are: 1,2/50 ps impulse; source impedance: 500
5J.

roximity devices with sizes below M12 it is permissible for the manufactuter to specify external protection cg
requirement.

pility to make and break under normal load and@bnormal load conditions
Making and breaking capacities
and breaking capacities under normal conditions

e switching elements shall be capable of making and breaking currents without failure
nditions stated in Table 4, for the relevant utilization categories and the number of
licated, under the conditions-specified in 8.3.3.5.

and breaking capacities under abnormal conditions

e switching elements shall be capable of making and breaking currents without failure
nditions stated.in Table 5, for the relevant utilization categories and the number of
der the conditions specified in 8.3.3.5.

Q); source

mponents to

under the
bperations

under the
bperations
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Table 4
Verification of making and breaking capacities of switching elements under normal conditions

corresponding to the utilization categories ?

Normal conditions of use
e Make Break ® Number and rate of operations for make
Utilization
and break
category
/8 U, Cos ¢ or /8 v, Cos ¢ or Number of | Operations ON-time
Toos Toos operations® | per minute ms
AC-12 1 1 0,9 1 1 0,9 6 050 6 50
AC_14 6. 1 ﬁ”l 1 1. n’q 6-050. I~ 20
DC-12 1 1 1ms 1 1 1ms 6 050 6 1
DC-13 1 1 6P, ¢ 1 1 6 P ¢ 6 050 6 Toos

I, = rated ofjerational current

U, = rated dperational voltage

I = current tp be made or broken

U = voltage|before make

P = U,l, = sjeady-state power consumption

To 05 = time fo reach 95 % of the steady-state current, in milliseconds
2See 8.3.3p
b For tolerarces on test quantities, see 8.3.2.2.

° The first 5 operations shall be run at U/U, = 1,1 with the loads set at U,

9 The value['6 x P" results from an empirical relationship which is found to\represent most d.c. magnetic loads up to and [ipper limit
of P=50 W,



https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

MARCH 31

, 2022 CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2

49

Table 5

Verification of making and breaking capacities of switching elements under abnormal conditions

corresponding to the utilization categories ?

Abnormal conditions of use °
Utilization Make and break © Number and rate of operations for make and
category break
/8 Uy, cos @ Number of Operations per ON-time
operations minute ms
AC-12 Not applicable
AC-149-2 6 I 4 I o7 19 5 20
DC-12 Not applicable
DC-18 See footnote e

U, = rated

I, = rated @perational current

I = current|to be made or broken
U = voltagg before make

operational voltage

© This test

2See 8.3.3.5.
® The abngrmal condition is to simulate a blocked open electromagnet.

¢ For tolerdnces on test quantities, see 8.3.2.2.
4 An overlgad protection device specified by the manufacturer may be used to Verify the abnormal conditions.

s covered by the test performed according to the footnote ¢ of Table4.

7.2.5 Conditional short-circuit current

The switghing element shall withstand the stresses’ resulting from short-circuit currents under conditions

specified

7.2.6 Electromagnetic compatibility (EMC)

7.2.6.1

n8.3.4.

General

The operfting characteristies of the proximity switch shall be maintained at all levels of electrpmagnetic

interferences (EMI) up to-and including the maximum level stated by the manufacturer.

Due to the small physical size of proximity switches and their protected application enviror
immunity levels.specified in this standard deviate, in some cases, from those specified in generig
standards.

ment, the
immunity

The proximity device to be tested shall have all the essential design details of the type which it represents

and shall

be in a clean and new condition.

The EMC tests shall be made at U, or U, max if the rated operational voltage is given as a range.

Maintena

nce or replacement of parts during or after a testing cycle is not permitted.

Generally two environments A and B, as follows, are defined in EMC emission standards. The products
covered by this standard are intended for use in environment A.

Environment A relates to low-voltage non-public or industrial networks/locations/installations including
highly disturbing sources.
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NOTE 1 Environment A corresponds to equipment class A in CISPR 11.

Environment B relates to low-voltage public networks such as domestic, commercial and light industrial
locations/installations. Highly disturbing sources such as arc welders are not covered by this environment.

NOTE 2 Environment B corresponds to equipment class B in CISPR 11.
7.2.6.2 Immunity

7.2.6.2.1 Acceptance criteria

Table 7 giyes acceptance criteria.

Table 7
Acceptance criteria

Acceptance criteria
ltem (performance criteria during-tests)
A B C

Overall performance No noticeable changes of the | During the tests, the state of Temporary degradafion or

operating characteristic. the switching element shall loss of performance which

o ti intended @ not change-for more than 1 requires operator infervention

perating as Intende ms for d.e,'devices and one or system reset
half cycle of supply frequency
for a:cndevices °

Operation ¢f displays and No changes to visible display | Temporary visible changes or | Shut down, permangnt loss of
signalling components information. less of information. display or wrong information.

Only slight light intensity Undesired LED illumination Unpermitted operatjng mode.

fluctuation of LEDs, or.slight Not self bl

movement of characters ot sefi-recoverablq
Informationy processing and Undisturbed commiuhication Temporarily disturbed Erroneous processipg of
sensing furjctions and data interchange to communication, which is information.

e>_<te_rna| dewce_s_ remains detected and is self- Undetected loss of diata

within thé specification recoverable and/or information.

Errors in communicgtion.
Not self-recoverablg

@ The manyfacturer shall state(in his literature the operating frequency and bandwidth where conducted radio frequencigs may
cause malffinction.
b For a.c. dpvices with p6wer consumption of more than 750 mW, the recovery time of the switching element may be longer than
one half cygle but shall\be less than the specified maximum startup-time {, (time delay before ability) according to 7.2.1.1. The

maximum recovery time shall be stated by the manufacturer in his literature.

7.2.6.2.2 —Efectrostaticdischarges

In accordance with IEC 61000-4-2 and Table 8.

The test voltage shall be applied using the contact discharge method to proximity devices with metallic
enclosures.

The test voltage shall be applied using the air discharge method to proximity devices with non metallic
enclosures.
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Table 8
Immunity tests
Type of test Test level required Acceptance criteria
Electrostatic discharge immunity test | 8 kV / air discharge B
IEC 61000-4-2 or
4 kV / contact discharge
Radiated radio-frequency 3Vim' A
electromagnetic field immunity test
(80 MHz to 1 GHz and 1,4 GHz to 2
GHz)
IEC 61000-4-3
Electrical fpst transient/burst 2 kV / 5 kHz using the capacitive coupling clamp B
immunity test
IEC 61000-4-4
Conducteq disturbances induced by | 3V A
radio-freqyency fields immunity test
(150 kHz tp 80 MHz)
IEC 61000-4-6
Power frequency magnetic field 30 A/m A
immunity test ?
IEC 61000-4-8
Voltage dips immunity test 9 Class 2 ¢ Class 3¢ B
IEC 61000-4-11 0 % during 0 % during
0,5 cycle 0,5 cycle
Class 2 ¢d Class 3¢9 C
0 % during 0 % during
1 cycle 1 cycle
70 % during 40 % during
25/30 cycles 10/12 cycles
70 % during
25/30 cycles
80 % during
250/300 cycles
Voltage inferruptions immunity test 9 Class 2 >¢d Class 3> ¢4 C
IEC 6100¢-4-11 0 % during 0 % during
250/300 cycles 250/300 cycles
Immunity §o harmonies'in the supply
IEC 61000-4-13 No requirements ©
a App“cab r\nly i 7a) prr\vimify switches r\nnf::ining devices st |ernpﬁh|n [7a) power frnql Jency magnnﬁr‘ fields

b Class 2 applies to points of common coupling and in-plant points of common coupling in the industrial environment in general.

Class 3 applies to in-plant couplings in industrial environment only. This class should be considered when a major part of the load
is fed through converters; welding machines are present; large motors are frequently started or loads vary rapidly.

The manufacturer shall state the applicable class.

¢ The given percentage means percentage of the rated operational voltage, e.g. 0 % means 0 V.
4 The value before the solidus (/) is for 50 Hz and the value after is for 60 Hz tests.

¢ Test levels are under study for the future.

fThe level differs from IEC 60947-1 because the installation environment for proximity switches is primarily in automation
machinery and experience of many years shows that the disturbance levels are so low that the immunity requirements in this
standard are sufficient.

9 Applicable for a.c. switches only.
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7.2.6.2.3

Radiated radio-frequency electromagnetic fields

In accordance with IEC 61000-4-3 and Table 8.

If the worst case direction is known, then the test need only be performed in that direction. Otherwise, the
electromagnetic field shall be faced to the device under test in three mutually perpendicular directions.

7.2.6.24

Electrical fast transients/bursts

In accordance with IEC 61000-4-4 and Table 8.

7.2.6.2.5

For proxin
devices is

7.2.6.2.6
In accordd
7.2.6.2.7

In accordd

NOTE See A
7.2.6.2.8
In accorda
7.2.6.2.9
In accorda
7.2.6.3 H
7.2.6.3.1

The meag

Surges

hity devices it is not necessary to test for surge immunity. The operating environmen
considered to be well protected against surge voltages caused by lightning strikes.

Conducted disturbances induced by radio-frequency fields
nce with IEC 61000-4-6 and Table 8.
Power-frequency magnetic fields

nce with IEC 61000-4-8 and Table 8.

nnex E for strong magnetic fields.

Voltage dips and interruptions

nce with IEC 61000-4-11 and Table 8.
Harmonics in the supply.

nce with IEC 6100044-13 and Table 8.
Emission

Conditions during measurement

t of these

ucing the

urement shall be made in the operating mode, including grounding conditions, prod

highest emission in the frequency range being investigated which is consistent with normal ap

(see Clause 4).

Each mea

surement shall be performed in defined and reproducible conditions.

plications

Descriptions of the tests, test methods and set-ups are given in CISPR 11. The contents of this standard is
not reproduced here, however modifications or additional information needed for the practical application
of the tests are given in this standard.

Proximity devices which are intended to be powered by public mains supply, therefore within the scope of
IEC 61000-3-2 and IEC 61000-3-3, regarding low-frequency emission shall also comply with the

requireme

nts of these standards.
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7.2.6.3.2

Proximity

Limits for high-frequency emissions

devices can generate continuous electromagnetic disturbances.

Such emissions shall not exceed the limits given in CISPR 11 for environment A. These tests are only
required when the control and/or auxiliary circuits contain components with fundamental switching

frequenci

7.2.6.3.3

For proxifiity devices which generate low frequency harmonics, the requirements of IEC 61000-

For proximity devices which generate low-frequency voltage fluctuations, the requirements-of IE

3-3 apply

es greater than 9 kHz.

Limits for low-frequency emissions

NOTE These requirements are not required for devices that will not be connected to public mains.

7.3 Physical dimensions

Proximity

NOTE Prox

mity switches with other dimensions are also covered by this standard.

7.4 Shdck and vibration

7.41 Shock

In accord

Six shocKs applied in each direction.along three mutually perpendicular axes (six separate tests);

hnce with IEC 60068-2-27 with the following conditions:

Pulse sHape: half-sine

Peak acgeleration: 30 g,

Duratior] of the pulse: 11 ms
7.4.2 Vipration

B-2 apply.

FC 61000-

switches with standardized physical dimensions are givensin the relevant specification sheet
(Annex A).

In accordance with TEC 60068-2-6 with the following conditions, along three mutually perpendicular axes:

Frequency range: 10 Hzto 55 Hz

Amplitude:

ultrasonic proximity switches

0,5 mm for photoelectric proximity switches

Sweep cycle duration: 5 min

Duration of endurance at resonant 30 min in each of the three axes (90 min in all).
frequency or at 55 Hz:

1 mm for inductive, capacitive, non-mechanical magnetic and
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7.4.3 Results to be obtained

After the test, the operating characteristics shall remain as given in Clause 4.

8 Tests

Unless otherwise stated the tests shall be carried out at an ambient air temperature of (23 £5) °C.

8.1 Kinds of tests

8.1.1 Gdneral

Subclause 8.1.1 of IEC 60947-1 applies.

8.1.2 Type tests

Type testd are intended to verify compliance with this standard.
This comgrises the verification of:

a

~

Temperature rise (8.3.3.3).

b

~

Dielectric properties (8.3.3.4).

¢) Making and breaking capacities of switching‘elements under abnormal and normal ¢onditions
(8.B.3.5).

d) Performance under conditional short-circuit current (8.3.4).
e) Constructional requirements (8.2):

f) Degree of protection (8.2).

g) Pperating distances (8:4):

h) Pperating frequency*(8.5).

i) Blectromagnetic.compatibility (8.6).

j) §hock with) standability (7.4.1).

k) Vibration with standability (7.4.2).

8.1.3 Routine tests

Routine tests are the responsibility of the manufacturer and are usually limited to the mechanical
inspection and verification of electrical operation.

The inspection may be supplemented by a dielectric test. When performed, the dielectric test is carried out
according to 8.3.3.4, the test duration may be reduced to 1 s.

8.1.4 Sampling tests

Subclause 8.1.4 of IEC 60947-1 applies.
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8.1.5 Special tests

These tests are subject to agreement between manufacturer and user.
8.2 Compliance with constructional requirements

Subclause 8.2 of IEC 60947-1 applies where applicable.

8.3 Performances

8.3.1 Tdst sequences

The type pnd sequence of tests to be performed on five representative samples are as follows:

Sample No. 1

Test No. 1 — temperature rise (8.3.3.3).
Tdst No. 2 — mechanical properties of terminals (8.2.4 of IEC 60947-1).
Tdst No. 3 — dielectric properties (8.3.3.4).

Test No. 4 — visual inspection.
Sample No. 2

Test No. 1 — degree of protection (Annex C ofIEC 60947-1).
Tgst No. 2 — vibration (7.4.2).

Test No. 3 — frequency of operating-Cycles (8.5).

Test No. 4 — operating distances (8.4).

Test No. 5 — dielectric.properties (8.3.3.4).
Sample No. 3

Tdst No. 1= degree of protection (Annex C of IEC 60947-1).

Tgst No, 2 — shock (7.4.1).

Test No. 3 — frequency of operating cycles (8.5).
Test No. 4 — operating distances (8.4).

Test No. 5 — dielectric properties (8.3.3.4).
Sample No. 4

Test No. 1 — making and breaking capacities (8.3.3.5).
Test No. 2 — dielectric properties (8.3.3.4).

Test No. 3 — operating distances (8.4).
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Sample No. 5

Test No. 1 — electromagnetic compatibility (8.6).
Test No. 2 — performance under short-circuit conditions (8.3.4).
Test No. 3 — dielectric properties (8.3.3.4).

Test No. 4 — operating distances (8.4).

There shall be no failure of any of the above tests.

NOTE 1 Mofe than one test sequence or all test sequences may be conducted on one sample at the request of the, manufacturer.
However, the test shall be conducted in the sequence given above for each sample.

NOTE 2 For class Il proximity switches insulated by encapsulation, additional samples are required (s€e“Annex B). Flor proximity
switches witl integrally connected cables, additional samples are required (see Annex C).

8.3.1DV D2 Modification of 8.3.1 by replacing it with the following'text and Table 8.3.1DV.1:

Proximity switches shall be subjected to the tests defined.inyTable 8.3.1DV.1.

Table 8.3.1DV.1
Test sequences

Test sequence
Clause reference Test
1 2 3 4
8.3.3.3 Temperature 1
8.3.3.2 Operating limits 2
8.3.34 Dielectric Voltage Withstand 3 2
8.3.3.5.2DV Making and-breaking capacities 1
8.2.4DV of CSA Mechanical properties of terminals 1
£22.2 No. 60947-1/
UL 60947-1
7.1.10DV Enclosure Type ratings 1

8.3.2 Gdneral test conditions

8.3.21 eneral requirements

Subclause 8.3.2.1 of IEC 60947-1 applies unless otherwise specified with the following addition.
8.3.2.1.1 Standard target for inductive and capacitive proximity switches

The target is square shape having a thickness of 1 mm and made of carbon steel e.g. type Fe 360 as
defined in ISO 630 and it shall be of the rolled finish.

The length (a) of the side of the square is equal to

— the diameter of the circle inscribed on the active surface of the sensing face, or


https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

MARCH 31,

2022 CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2

57

— three times the rated operating distance s, whichever is greater (Figure 5).

For a capacitive proximity switch, the target shall be connected to earth.

3 1
- 2
T ;
|
5 [
—-_ a %~»—————4}—————77
|
L I
4
Capacitive o
only —
S4989
1 = proximity switch
2 = sensing|face
3 = target
4 = operating distance
5 = directior} of motion
Figure 5
Method of measuring the operating distance
(8.3:2.1 and 8.4.1)
8.3.2.1.2| Standard target for ultrasonic proximity switch
The target is square shape, having the thickness of 1 mm and made from metal with rolled

dimensio
8.3.21.3
a) Type R

Fg
by

Ns see relevant specification sheets in Annex A.

Standard targetfor photoelectric proximity switch

r the purpose of this test, the standard target is the reflector which is either supplied o
the’manufacturer.

finish. For

r specified

b) Type T

For the purpose of this test, the standard target is the emitter which is either supplied or specified
by the manufacturer.

c) Type D

200 mm x 200 mm white paper with 90 % reflectivity.

NOTE The standardized target is chosen in accordance with the more general applications. For special products or applications,
some additional information may be given.


https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

58 CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2 MARCH 31, 2022

8.3.2.1.4 Standard target for non-mechanical magnetic proximity switch

For non-mechanical magnetic proximity switches the target shall be specified by the manufacturer.
8.3.2.2 Test quantities

Subclause 8.3.2.2 of IEC 60947-1 applies except for 8.3.2.2.3.

8.3.2.3 Evaluation of test result

The condifion of the proximity switch after each test shall be checked by the verification applicable to each
test.

The proxifnity switch is deemed to have met the requirements of this standard if it meets, the reqlirements
of each tept and/or test sequence as applicable.

8.3.2.4 Testreports

Subclause 8.3.2.4 of IEC 60947-1 applies.

8.3.3 Performance under no load, normal load and abnormal load condition
8.3.3.1 Qperation

Subclause 8.3.3.1 of IEC 60947-1 applies.

8.3.3.2 (Qperating limits

Operationpl voltages are defined under 7.2:1.2.

8.3.3.2.1 | Time delay before availability

The test i3 performed with the proximity switch connected to a test circuit shown in Figure 6. The target is
placed in & position such thatjthe switching element is in the ON-state. With rated operational vpltage U,,
or with thg minimum value of the rated operational voltage when it is given as a range, the load ig adjusted
to obtain the minimum.opérational current /,.

The time delay before availability and the duration of any false signal are measured by recording fhe signal
across the load* with an oscilloscope as the bounce-free "Switch" is closed. Figure 7 shows typical
oscillograms-for a d.c. switching element. Figure 7a shows the oscillogram when the switching glement is
in ON-state and Figure 7b shows the oscillogram when the switching element is in OFF-state.

For inductive and capacitive proximity switches the target shall be positioned at either 1/3 s,, or 3 s,,.

The measured time delay before availability, the time between ;3 and {, in Figure 7 shall be according to
7.2.1.7. The duration of the false signal, if any, the time between {, and ¢, on Figure 7a and Figure 7b, shall
be accordingto 7.2.1.7.
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Ue or Ue min
Switch
(bounce—free) : :
Trigger input
______ h
|
o <U> L Oscilloscope
|
! Output A
| I
For 3 terminal //: o
dlc. proximity : Load W
syitch : T
I |
L L-0=——- Signal ing
S4p91 ¢

Figure 6

(see 7.2.1.7 and8:3.3.2.1)

Test circuit for the verification of time‘delay before availability

ut
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False signal

Output
signal / ON-state

Output signal during
OFF —state

e

T T T
54993 10 5 2 3 ) Time (1)
Figure 7a — Switching element is in ON-state

Output
signal /

v

False signal

Output signal during
OFF—state

v

T T T T
S4994 to t to t3 t4 Time (¢)
Figure 7b — Switching element is in OFF-state

ty = supply is switched on

t; = beginning of false signal (if any)
t, = end of false signal (if any)

t; = end of ime’delay

t, = maximyum time for delay (300 ms)

NOTE 1 Thefalse signal (if any) may‘begin at fy, which means that {, and t, are the same time marks.
NOTE 2 In cgse of no false signal, thé time mark t; can have any position between ¢, and t,.

NOTE 3 Thelwaveform of the\false signal (if any) is not defined.

Figure 7

Signal output across load in Figure 6

(see 8.3.3.2.1)
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8.3.3.2.2 Minimum operational current (/,,)

The test is performed with the proximity switch connected to a test circuit shown in Figure 8.

Ue

- <U> <V>
' R1 :resistive load
|
/’E R9 :resistive load
For 3 terminal I

.r.m.sMor a.c.
R R9 . average for d.c.

d.q. proximity E 69 V  :high impedance yoltrmeter
switch : >0,2 MO/
! mA : milliammeter
I
i S S switch
I
| Meters:
|
|
|
I
I

$4992

Figure.8

Test circpit for the verification of minimum operational current OFF-state current, voltage|drop and
independent snap action

(see 8.3.3.2.2,483.3.2.3,8.3.3.2.4 and 8.3.3.2.5)

The targdt is placed in a position such that the switching element is in the ON-state.

With supply voltage U, and the switch S being open, the load R; is adjusted to obtain the currgnt /.,. The
measured value shall not.exceed the value specified in 7.2.1.12.

The switching element shall not change state during the test.

8.3.3.2.3| . OFF-state current (/)

With the circuit in Figure 8 and the switch S closed, the load R, is adjusted to obtain the rated operational
current I, when the supply voltage is the highest U,. The target is then moved in a position such that the
switching element is in the OFF-state.

The (I,) current shall be measured with supply voltage U, + 10 % or with the maximum value of the supply
voltage Ug where it is specified as a range. The (/) current shall not exceed the value specified in 7.2.1.13.

8.3.3.2.4 Independent (snap) action

Independent (snap) action shall be checked at maximum and minimum operating load currents at both
maximum and minimum rated operating voltages. Resistive loads of appropriate value shall be used for
each of the four tests.


https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

62 CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2 MARCH 31, 2022

These tests shall be carried out by moving the target from a position where the switching element is in the
OFF-state to a position where the switching element is in the ON-state and observing the output on an
oscilloscope. The switching element function shall be substantially independent from the velocity of the
target and the output shall switch between the ON and the OFF states without oscillating, or holding at any
intermediate level.

8.3.3.2.5 Voltage drop (Uy)

The voltage drop is measured across the active outputs of the proximity switch when the switching
element is in the ON-state and carrying the rated operational current (/;) at 23 °C + 5 °C ambient
temperature-and-atthelowestrated-frequeney—Fhismeasurementis-performed-with-the-eireditin Figure 8
and the switch S closed. The load R, is adjusted to obtain the rated operational current (/) with the supply
voltage U{. The voltage drop Uy is measured:

—atU, +10 % and U; — 15 %,

—or U, magx + 10 % and U; min — 15 %,

—or Ug m@x and Ug min

The measpred voltage drop shall not exceed the values specified in#,2.1.15.
8.3.3.3 Temperature rise

The proinﬂty switch, installed in free air, is supplied withlits rated operational voltage (U,) (or the highest
operational voltage of its voltage range), and connected to a load corresponding to its rated operational
current (/) until the thermal equilibrium is reached.

The température rise, measured on the terminals when applicable, and on any point of the enclogure shall
not exceefl 50 K (see 7.2.2).

The length) of conductor connected-tdeach terminal shall be 2*%1; m

8.3.3.3DV D2 Modify:8.3.3.3 by adding the following:

Teémperature riseof components shall not exceed the limits specified in Table 27DV of CSA
CR2.2 No. 60947-1/UL 60947-1. The surface temperature shall comply with 7.2.2.

8.3.3.4 Dielectric properties

The test for verifying dielectric properties shall be made:
- in accordance with 8.3.3.4 of IEC 60947-1 for the rated impulse withstand voltage Uy, (see 4.3.1.3), and

- in accordance with 8.3.3.4.1 and 8.3.3.4.2 and 8.3.3.4.3 of this standard.

For class Il proximity switches insulated by encapsulation, see Annex B.
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8.3.3.4.1 Application of the test voltage

This test is to be carried out under circumstances approaching actual service conditions e.g. with
conductors attached. The external surface of all insulating parts likely to be touched in service shall be
made conducting by being closely covered by a metal foil.

The proximity switch shall be capable of withstanding the test voltage applied for 1 min for a type test, and
1 s for routine test with the following conditions:

— between live parts of the switching element and parts of the proximity switch intended to be earthed;

— between live parts of the switching element and surfaces of the proximity switch likely tobeAouched in
service, gonducting or made conducting by metal foil;

— betweep live parts belonging to electrically separated switching elements, if any.
8.3.3.4.2| Value of the test voltage
A sinusoiflal voltage of power frequency is applied according to 8.3.3.4 3\

The test Joltages are given in Table 6.

Table 6
Test voltages
Rated insulation voltage Dielectric test voltage
DC AC AC
(rm.s.)
Vv \'/ \'/
75 50 500
150 125 1250
300 250 1500

813.3.4.2DV D2 Madification of 8.3.3.4.2 by adding the following:

813.3.4.2DV1-The test potential shall be alternating current, or 1,414 times the values for
direct current.

813:3:14.2DV.2 A component normally connected between lines of opposite polaritymay be
disconnected from one side of the line during the test.

8.3.3.4.2DV.3 For use in pollution degree 2 locations, the test value is 1 000 V AC for
equipment rated 51 V- 250 VAC.
8.3.3.4.3 Results to be obtained

There shall be no unintentional disruptive discharge during the test.

NOTE 1 Exception is an intentional disruptive discharge designed for the purpose, e.g. transient overvoltage suppressing means.
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NOTE 2 The term "disruptive discharge" relates to a phenomenon associated with the failure of insulation under electrical stress, in
which the discharge completely bridges the insulation under test, reducing the voltage between the electrodes to zero or nearly to

Zero.

NOTE 3 The

term "sparkover" is used when a disruptive discharge occurs in a gaseous or liquid dielectric.

NOTE 4 The term "flashover" is used when a disruptive discharge occurs over the surface of a dielectric in a gaseous or liquid

medium.
NOTE 5 The

NOTE6 Ad
the loss may

8.3.3.44

The test i
additional

— the prox
— the impu

a

~

b

~

c)

— three po
than 5 s.

NOTE The i

8.3.3.5 Making and breaking capacities

Tests for
requireme

8.3.3.5.1

The load

term "puncture" is used when a disruptive discharge occurs through a solid dielectric.

be only tempora.
Impulse voltage withstand test

5 performed according to 7.2.3 of IEC 60947-1 and 7.2.3.1 of this standard with the
requirement:

mity device is not powered during the test;
Ise test shall be applied:

between all terminals connected together and earth;
between terminals intended to be connected to the'power supply;

pbetween each output terminal and each terminal intended to be connected to the power

sitive and three negative pulses shalltbe applied between each two points at intervals ¢

hpulse voltage withstand test is designed as a type test.

verification of making and breaking capacities shall be made according to the ge
nts stated in 8.3:2.1.

Test circuits

mpedance shall be placed on the load side of the device as shown in Figure 9. T

s dielectric,

following

supply.

f not less

heral test

he circuit

voltage wi

hrthetestcurrentfrowing statt ot e tessthanm ts:
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Ue Ue
<H> Output of the device <H> Output of the device
under test under test
S = switch l
[]
R R R
1 X /e 5x /e /e
L L L
a) 2 terminal a.c. or b) 3 terfinal d.c.

2 terminal d.c.
Sa9fs

Figure 9

Test circuit for the verification of making and breaking capability

(see 8.3.3.5)

8.3.3.5.2| Making and breaking capacities under normal conditions
The load Eircuitry shall be adjusted to give'the values shown in Table 4.
813.3.5.2DV D2 Modification of 8.3.3.5.2 by replacing with the following:

he load circuitry shall be adjusted to give the values in Table 4 of CSA C22.2 No| 60947-5-
UL 60947-5-1,-As’ an option, the switching elements may also be tested in agcordance
ith the requirements in 8.3.3.5.2.

=

s

8.3.3.5.3| Making and breaking capacities under abnormal conditions

The load circuitry shalt be adjusted 1o give the values shown in Table 5.
8.3.3.5.4 Results to be obtained

After the test, the effective operating distance of the proximity switch shall be measured and remain within
the limits givenin 7.2.1.3.1.

8.3.4 Performance under short-circuit current conditions
8.3.4.1 Test circuit and test procedure

The proximity switch "PS" in new condition shall be mounted as in service, in free air, and connected to the
test circuit with the same size wire as used in service, see Figure 10.
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The short-circuit protective device "SCPD" shall be of the type and rating stated by the manufacturer. This
"SCPD" shall be omitted if the proximity switch is integrally protected against short circuits.

The target is placed in a position such that the switching element is in the ON-state, R, is selected so that
the current flowing through the proximity switch is equal to its rated operational current. The supply S shall
be adjusted to 100 A prospective short-circuit current. The "SC" switch, parallel with R, load, is intended to
cause the short circuit. The open circuit voltage shall be 1,1 times the rated operational voltage or the
maximum value of the voltage range.

The test shaII be performed three times by randomly closmg the “SC" SWItCh The test current is
maintaine; 2

interval bg tween each of the three tests shall be not less than 3 min. The actual t|me between flests shaII
be stated |n the test report. After each test, the "SCPD" shall be replaced or reset.

SCPD @ R ],
Supply PS \;
S

under test
SC .switch

o

Prospective short-circuit
current 100 A

a) 2 terminal a.c. or 2 tepmingl d.c.

SCPD R },
Surgply pS N

under test SC switch
O
Prospective short#circuit
current 100 A
Sa996 b) 3 terminal d.c.
Figure 10

Short-circuit testing

(see 8.3.4.2)

8.3.4.2 Results to be obtained

After the test, the operating distance of the proximity switch shall be measured and remain within the limits
given in 7.2.1.3.1 and shall pass a dielectric test performed in accordance with 8.3.3.4.


https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

MARCH 31,

2022 CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2

67

8.4 Testing of operating distances

8.4.1 Inductive, capacitive, non-mechanical magnetic and ultrasonic proximity switches

8.4.1.1 Test conditions

A proximity switch in new condition is mounted according to the relevant annex and the target is moved,
not faster than 1 mm/s, towards and away from the sensing face of the proximity switch in an axial

direction.

The operating distances are measured as shown in Figure 3 and Figure 4.

8.4.1.2
The effeq
7.2.1.3.1.
8.41.3
The diffe
is made
towards t
measure(

8.41.4

Usable o
supply vd

ffective operating distance (s,)

tive operating distance is measured at the rated voltage or at any voltage within the voltage
range angl at 23 °C = 5 °C ambient air temperature. The measured value shall be within the limi

Differential travel (H)

[s given in

ntial travel is defined as a percentage of the effective operating distance (s,;). The measurement

t the ambient temperature of 23 °C £ 5 °C at rated supply ‘voltage. The target shall
he proximity switch within the (s;) range and then be moved away from the proximity s
value shall be according to 7.2.1.5.

Usable operating distance (s,)

berating distance is measured over the =25-°C to +70 °C ambient temperature rang
ltage at 85 % and 110 % of its rated value. The target shall be moved towards thg

switch. The measured value shall be within thedimits given in 7.2.1.3.2.

8.41.5

The repe
enclosure
the rated
measure(

842 P

8.4.21

Repeat accuracy (R)

at accuracy of the effective operating distance (s;) is measured over an 8 h perig
temperature within 23 °C + 5 °C and with supply voltage U, + 5 % or at any voltage +
operational voltage\‘range. The target shall be moved towards the proximity sv
value shall be within the limits given in 7.2.1.4.

hotoelectric.proximity switches

Determination of the excess gain values

be moved
witch. The

e with the
proximity

d with an
b % within
vitch. The

- Type D

The standard target is positioned at the stated sensing distance. The reduction of luminance which
is necessary to deactivate the proximity switch is determined with neutral density filters. The
excess gain is then calculated.

- TypesRand T

The emitter or the reflector is positioned at the stated operating range. The reduction of luminance
which is necessary to activate the proximity switch is determined with neutral density filters. The
excess gain is then calculated.
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EXAMPLE To determine the distance at which an excess gain of 2 is achieved, a 50 % neutral density filter may be used for type T,
and a 70 % neutral density filter may be used for types R and D. The filter should be as close as possible to the sensing face.

The neutral density filter measurement technique is the preferred method. Other techniques leading to
similar results may be used and shall then be stated by the manufacturer.

NOTE Care needs to be taken to avoid erroneous results due to reflections from the filter.
8.4.2.2 Testing of the operating / sensing range and/or operating distance

This test i 3 g 3 0 0 0 toelectric
proximity switches, except when specified as verification after another test, in clean air conditiops, at any
ambient tgmperature between 23 °C + 5 °C, both in darkness (less than 300 Ix) and at an ambient light of 5
000 Ix obtained as per 8.4.2.3.

The excegs gain, as stated by the manufacturer in the documentation, shall be achieved.
8.4.2.3 $Yource for ambient light

A light sogrce with a colour temperature between 3 000 K and 3 200 K shall be used. The light intensity is
measured|with a luxmeter and obtained by varying the distance between the light source and the[luxmeter.

8.424 TypeT

In the vicipity of the maximum and minimum operating distances, the emitter is moved, not faser than 1
mm/s in ap axial direction, towards the receiver and the maximum and minimum operating distances are
measured

a) withoutfambient light (300 Ix);
b) with ambient light (5 000 Ix).

The light gource is positioned at an-angle of 5° £ 1° to the reference axis and is aimed at the recgiver (see
Figure 114, type T).

8.4.25 TJypeR
The reflector is ingtalled on the reference axis at the maximum of the operating range r,.

The light gource’is positioned at an angle of 5° + 1° to the reference axis and is aimed at the phgtoelectric
proximity bwitch (enn Eiqure 11b’ t\]lpﬂ D‘)

8.42.6 TypeD
a) For operating distances not exceeding 400 mm:

The light source is positioned at an angle of 15° £+ 1° to the reference axis and is aimed at the target
(see Figure 11d, type D).

The device is moved, not faster than 1 mm/s in an axial direction, towards the target and the
sensing distance is measured:

1) without ambient light (300 Ix);
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2) with ambient light (5 000 Ix).

b) For operating distances above 400 mm:

The light source is positioned at an angle of 15° £ 1° to the reference axis and is aimed at the
device (see Figure 11c, type D).

In the vicinity of the sensing distance, the target is moved, not faster than 1 mm/s in an axial
direction, towards the photoelectric proximity switch and the sensing distance is measured:

1) without ambient light (300 Ix):

2)|with ambient light (5 000 Ix).

8.4.2.7 Results to be obtained

The sens|ng range shall be as stated by the manufacturer (see 7.2.1.3.4 and 7.2.1'3.5).
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Light
source Luxmeter —\.
50+ 1° r
Emitter T Receiver
1
L

"o

Figure 11a - Type T, emitter and receiver

—\

Light
!/7 Luxmeter source
1 50+ 1°
Emitter

and receiver :
|1
~ "o _ Reflector

|

Figure 11b - Type R, emitter-receiver and reflector

Light
source
!/' Luxmeter
1 150+ 1°
Emitter '
and receiver :
|1
Sd
- > Target (see 8.3.2.1.3)

Figure 11c - Type:D,Jemitter-receiver and object

Luxmeter \

16°+ 1° !

Emitter and
receiver

Target (see 8.3.2.1.3)

Figure 11d - Type D, emitter-receiver and target
sul711a

Figure 11

Testing of the sensing range

(see 8.4)
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$4998a

Method 1 Method 2

proximity switch

Centre line
of target

2 H target
3 { disc in non-magnetic and non-conducting material
NOTE To ayoid angular influence from one target to another, the disc shall be ¢onstructed to include at least 10 targets, if the rated
operating digtance (s,)) is less than 10 mm, or 6 targets for higher operating distances.
Figure 12
Methgds for measuring the operating frequency of inductive, capacitive and non-mecHhanical
magnetic proximity-switches (if applicable)
8.5 Testing for the frequency of operating cycles
When th¢ proximity switch frequency’ of operating cycles exceeds the limit of the measurirlg method
described, the manufacturer shall'state the method of measurement.
8.5.1 Method for measuring the frequency of operating cycles
a) Inductiye, capacitive\and non-mechanical magnetic proximity switches
Ag shown'in Figure 12, the targets are fixed on the front (method 1) or sides (method 2) ¢f teeth on
a fotating disc, the spaces between the teeth being 2a, in such a manner that they can pgass in front
of[the’ sensing face of the proximity switch at a distance equal to half of the rated|operating
distance.

Each target shall have the same dimensions as those specified in 8.3.2.1. The output signal of the
proximity switch is measured with the speed of rotation of the disc increasing from 0.

The targets of the rotating disc shall be connected to earth when capacitive proximity switches are
tested.

An illustration of the output signal of proximity switches is given in Figure 14.

w

ith the speed increasing, the durations t; and f, decrease.
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For direct current proximity switches, the rated value of the operating frequency is obtained when ¢,
or t, correspond to 50 s, or when the characteristics of the output signal, in the "ON" or "OFF"
states, reaches the values specified in the relevant annexes.

For alternating current proximity switches, the rated value of the operating frequency is obtained
when either {, or t, corresponds to one-half period of the supply frequency ().

b) Ultraso

nic proximity switch

As shown in Figure 13 the targets are fixed on the front (method 1) or sides (method 2) of teeth on

ar

Th

fade at the minimum operating distance and the proximity switch shall be adjusted to-this
distance.

O~

S mip.

S4999

1

2=

3=

NOTE 1 To gvoid angular influence from one target to another, the disc shall be constructed to include at least 10 targets.
NOTE 2 Method 2 is only‘@pplicable to narrow-beam angled proximity switches.

‘,:004 \
o S
e @//
Method 1 Method 2 /

n‘rn’ring disc

e spaces between the teeth being 3a in such a manner that they can pass in front.of th

proximity switch
target

disc in non-magnetic and non-conducting material

Figure 13

e sensing
operating

N

entre line
target
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Output
signal
o
t N 7 Time (¢)
$5227 =~ -

Figure 14

Output signal of direct current proximity switch during the measurement of operating frejquency f

The opergting frequency fis determined from the following formula:

1
tHtits

f

8.5.2 Results to be obtained

The valugs obtained shall be not less than thase given in the relevant annexes.
8.5.3 Photoelectric proximity switches

8.5.3.1 Measurement means

As showrn) in Figure 15, a_rotating disc with one or more targets is fixed parallel to the sensing face of the
proximity jswitch at a distance chosen by the manufacturer, and in such a way that the reference pxis of the
proximity jswitch passesthrough the centre of the target.



https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

74 CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2 MARCH 31, 2022

3
4
1 2
S5230 —
Type T Type R Type D
(through beam) (retro-reflective) (diffuse reflective)
1 Receiver 1 Emitter-receiver ‘\Emitter-receiver
2 Disc 2 Disc 2 Disc
3 Emitter 3 Reflector 3 Target
4 Referencg sensor 4 Reference sensor 4 Reference sensor

Figure 15

Measurement means for turn-o’time t,, and turn-off time £ ¢

For types [T and R, the effective beam shallbe fully broken by the rotating target.
For type 0O, the surface of the rotating-target shall be made of the same material as the standard target.
If the operting distance affectsSithe tests, then the manufacturer shall state the test distance.

A referenge sensor haying/a switching frequency at least ten times higher than the equipment dnder test
(EUT) is aJso put around'the disc.

A recordgr (for-example, a memory oscilloscope) can draw simultaneously curves delivergd by the
proximity $wifeh-and by the reference sensor (see Figure 16 and Figure 17).

8.5.3.2 Measurement of turn-on time (t,,,)

The positional relationship between the reference sensor and the EUT shall be adjusted while moving the
disc slowly so that the output of the reference sensor changes its state simultaneously with the output of
the EUT.

To measure t,,, the disc speed is adjusted so that the EUT is operated at approximately half of the
maximum operating frequency stated by the manufacturer.

The turn-on time {,, is the maximum observed delay between the output of the reference sensor and the
change of state of the EUT output (see Figure 16).
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State B

Reference sensor
output
State A
Iorget detected P ——
Equipment under Dglay
test output

$5228 No target detected

NOTE The dliagram refers to logical states A and B. A and B will differ according/to the type of proximity switch.

Figure6

Turn-on time {;,‘measurement

8.5.3.3 Measurement of turn-off time (t,5)

The positjonal relationship between.the-reference sensor and the EUT shall be adjusted while moving the
disc slow|y so that the output of the yeference sensor changes its state simultaneously with the output of
the EUT.

To measlire f,;, the dise- speed is adjusted so that the EUT is operated at approximately half of the
maximur] operating frequency stated by the manufacturer.

The turn-pff time {,q is the maximum observed delay between the noted output of the reference sensor and
the change of state of the EUT output (see Figure 17).
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State B

Reference sensor
output

State A

Target detected

> Delay

Equipment under
test output

$5229 No target detected

NOTE The djagram refers to logical states A and B. A and B will differ according\to the type of proximity switch.

Figure 17

Turn-off time tg . mMmeasurement

8.5.3.4 Results to be obtained

The frequéncy of operating cycles f determined by the formula given in 7.2.1.6.2 shall be not lesq than that
given by the manufacturer.

8.6 \Verification of the electromagnetic compatibility
8.6.1 General

The tests ghall be\performed under the following conditions:

- the prokimity device mounted in free air shall be connected to a load corresponding to fthe rated
operational current (1) and supplied with its rated operational voltage (or the maximum voltage of its
voltage range) (U,);

— the connecting leads shall be 2%, m. For proximity devices not having integral cables, the type of cable
used shall be specified by the manufacturer and recorded in the test report.

The test shall be performed:

a) with the target set at a position such that the switching element is in the OFF-state;

b) with the target set at a position such that the switching element is in the ON-state;

- for inductive and capacitive proximity devices, the target shall be positioned at 1/3 s, or 3 s;,;
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- for photoelectric proximity devices, two tests shall be performed. The target shall firstly be positioned

such that

the excess gain is 2, then:

- without the target for type D, or

- without the reflector for type R, or

- without the emitter for type T.

For the te

st according to 7.2.6.2.4, the following additional mounting conditions apply:

= cylindri
b). A me
ground pl

- rectang
shall be ¢

- the method of connection to the reference ground plane shall be in accordance with the man

instructio
8.6.2 In
8.6.2.1

The test
each mes

8.6.2.2
The test s
8.6.2.3

The test s
in the cap

8.6.2.4

The test s

Cal proximity devices shall be mounted in a non-embedded manner according to Figu
al washer, clamped between the lock-nuts of the device, shall be connected to, the
ane;

ular proximity devices shall be mounted in a non-embedded manner on a-flat metal p
pnnected to the reference ground plane;

ns, if given, and shall be stated in the test report.
munity
Flectrostatic discharges

shall be performed according to IEC 61000-452 and 7.2.6.2.2, and shall be repeated 1
suring point, with a minimum time intervalef 1 s between pulses.

Radiated radio-frequency electromagnetic fields
hall be performed accordingt6.IEC 61000-4-3 and 7.2.6.2.3.
Flectrical fast transients/bursts

hall be performed according to IEC 61000-4-4 and 7.2.6.2.4, with all the connecting lea
acitive coupling.clamp.

Conducted disturbances induced by radio-frequency fields

hall’bé performed according to IEC 61000-4-6 and 7.2.6.2.6.

e A.2 (1A)

reference

ate which

ifacturer’s

0 times at

ds placed

8.6.2.5 Power-frequency magnetic fields

The test shall be performed according to IEC 61000-4-8 and 7.2.6.2.7.

8.6.2.6 Voltage dips and interruptions

The test shall be performed according to IEC 61000-4-11 and 7.2.6.2.8.

8.6.2.7 Harmonics in the supply

Test level

s are under study for the future.
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8.6.3 Emission

The test shall be performed according to CISPR 11, group 1, class A, and 7.2.6.3.

These limits are given for proximity devices exclusively built for an industrial environment (environment A).
When they may be used in a domestic environment (environment B), the following notice shall be included
in the instructions for use:

NOTICE

Thisis a
case the

class A product. In a domestic environment this product may cause radio interference),
user may be required to take adequate measures.

n which

8.7 Test

The test 1
objective,
device un
the test pl

Where a 1
same type
results, th
shall inclu

results and test report

esults shall be documented in a comprehensive test report. The-test report shall pr
the results and all relevant information of the tests. The test réport shall define the
Her test, including the cable layout and the necessary auxiliary equipment. Any devig
hn shall be mentioned.

ange of proximity devices are made according to the~same principle and design, and
of components, tests may be performed on representative samples. Furthermore bas
e testing laboratory may limit the tested frequengy range for radiation or conduction
de in the report the frequency range used.

esent the
proximity
tion from

using the
bd on first
tests and
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Annex A
(informative)

Typical dimensions and operating distances of proximity switches

NOTE These dimensions and operating distances were normative for many years. The status of this annex is now changed to
“informative”, to avoid limiting technological progress.

MODEL IA

INDUCTIVE CYLINDRICAL PROXIMITY SWITCHES WITH THREADED BARREL

A.1 (IA)Dimensions

The dimepnsions and thread sizes shown in Figure A.1 (I1A) shall be according to Tablé A.1 (IA). Within the
dimensional limits of d; and I, all rigid parts of the connecting leads shall be included. The djameter of
unthreade¢d portion d, shall not exceed the minor diameter of the thread. For“type /;, embeddable, the
thread cah be omitted and the diameter reduced to d, on a length not exceeding’’; = 1 mm. For type /I, the
thread cah be omitted and the diameter reduced to d, on a length not exceeding /s = 2 s,

Across flats (AF)
Sensing face

Target I3 m m

S5231

Figure A.1 (1A)

Dimensions
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Table A1 (1A)
Dimensions in millimetres
Sensing means: inductive (1) Dimensions
1 2 Body Nuts
embeddable non-
embeddable
Type d1 I1 Iz AF m d3a
Thread size mi. max. +0,15 max.
11A08 12A08 M8 x 1 40 60 13 4 15
11A12 12A12 M12 x 1 40 80 17 4 20
11A18 [2A18 M18 x 1 50 100 24 4 28
11A30 11A30 M30 x 1,5 50 100 36 5 42
ady min. = [1,13 AF.
A.2 (lIA)[Rated operating distances
The rated|operating distance, for embeddable and non-embeddable proximity.switches, shall be according
to Table A.2 (1A). The rated operating distance is a conventional quantity,-it does not take int¢ account

either manufacturing tolerances or variations due to external conditions‘stch as voltage and temperature

(see2.3.111and 7.2.1.3.1).

Table A.2 (I1A)
Rated operating distances:\in millimetres

Type 11 — Embeddable

Type 12 - Non-embeddable

Form and size

Rated operating distance Form and size Rated operating flistance
A08 1 A08 2
A12 2 A12 4
A18 5 A18 8
A30 10 A30 15

A.3 (lIA)[Installation (mounting)

Embeddable proximity swiiches, when installed in damping material shall be according to H

(IA) a.

Non-embgddable\proximity switches when installed in damping material shall be according to H

(IA) b.

igure A.2

igure A.2
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%

23 XS,

|

I

|

|

|

Lo

ss232 d) Embedded in metal
A4 (A

%

>3X S,

requirements

Free zone or non—damping material

(e.g. a non-metallic material)

Figure A.2 (IA)

Installation (mounting)

|

T

|

/ |
22 XS, !

|

/4

b) Not embedded i

Frequency of operating cycles (f).if operating cycles per second — Minimum

metal

Switching element function: A or B

Formfand size Installation Type of output
PorN D H
NO8 1 500 300
2 300 200
12 1 400 200
2 200 100 ]
\18 1 200 100
2 100 50
A30 1 70 50
2 50 30

NOTE The frequency of operating cycles are only stated for the most common types. For all other possible types (according to

Table 1: Classification) the frequency of operating cycles shall be stated by the manufacturer.
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MODEL IB
INDUCTIVE CYLINDRICAL PROXIMITY SWITCH WITH SMOOTH BARREL

A.1 (IB) Dimensions

The dimensions shown in Figure A.1 (IB) shall be according to Table A.1 (IB). Within the dimensional limits
of dy and I, all rigid parts of the connecting leads shall be included.

No part of the proximity switch within the length /, shall exceed the diameter d,.

Sensing face
dy é
Target I3
Sn h
I3
55233
FiguredA.1 (IB)
Dimensions
Table A.1 (IB)
Dimensions in millimetres
Sensing means: Dimensions
indugtive (1)
1 Embedgable type d, A I, I
min. max. max.
11B04 4 25 50 0,9
11B06 6,5 40 60 1

A.2 (IB) Rated-operating-distances

The rated operating distance shall be according to Table A.2 (IB). The rated operating distance is a
conventional quantity. It does not take into account either manufacturing tolerances or variations due to
external conditions such as voltage and temperature (see 2.3.1.1 and 7.2.1.3).

Table A.2 (IB)
Rated operating distance in millimetres

Type 11 — Embeddable
Type Rated operating distance

B04 0,8
B06 1
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A.3 (IB) Installation (mounting)

The proximity switch when installed in damping material shall be according to Figure A.2 (IB).

N

.

A\

NN N

P
n

254

PO

/
77

Figure A.2 (IB)

Installation in damping material

A.4 (IB)Frequency of operating cycles (f) in operating cycles per second — Minimum

requirements

Switching element function: A or B
Form and size Mechanical installation Type of output
PorN D
BO4 1 600 300
B06 1 500 250

NOTE Same as A4 (IA).
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MODEL IC
INDUCTIVE RECTANGULAR PROXIMITY SWITCHES WITH SQUARE CROSS-SECTION
A.1 (IC) Dimensions

A.1.1 (IC) Type 11C26 inductive, embeddable, 26 mm x 26 mm. Overall and mounting dimensions shall
be according to Figure A.1 (IC). The rigid part of the cable assembly is included in the overall dimensions.
The cable entry shall allow the passage and ensure the anchorage as well as the tightness of a cable with
an external diameter of 7 mm to 10 mm.

Only one| sensing face which | Connection to internal terminals
may occppy any of the three sides

Cable entry

24,2 (2%)

95 max. V6

$5235

Figure A.1 (IC)

Dimensions in millimetres

A.1.2 (IQ) Type 12C35 inductive, non-embeddable, 35 mm x 35 mm. Overall and mounting dimensions
shall be gceording to Figure A.1.2 (IC). The rigid part of the cable assembly is included in the overall
dimensions.
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Only one sensing face which
may occupy any of the three sides
/ 5,3
A
————\
+
Tt~ 20 35
® > '
Y
Cable’entry
s 60 -
s /8 -
100 max.
= -
$5236
Figure A.1.2.(IC)
Dimensions irrmillimetres
A.1.3 (IC) Type 12C30 inductive, non-embeddable and type 11C30 inductive embeddable 30 mm x 30
mm. Overall and mounting dimensions shall be according to Figure A.1.3 (IC). The rigid part of the cable

assembly

is not included in the overall-dimensions.
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Only one sensing face

which may occupy < [ cogo-——---
any of the five sides }
i Sensing
! face Cable entry * 30
; 12 min.
] 4,3
fan
| ¢
— - —f—— | ———————————————————— | 21 30
| ]
®

26 | _4_

95 max.
$5237 - o

Figure A.1.3 (IC)
Dimensions in-millimetres

A.1.4 (IQ) Type 12C40 inductive, non-embeddable — Type 11C40 inductive embeddable 40 mm [x 40 mm.
Overall apd mounting dimensions shall*be’ according to Figure A.1.4 (IC). The rigid part of the cable
assembly is not included in the overall dimensions.
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Only one sensing face

which may occupy Y I
any of the five sides ! Sensing
i face
i Coble entry | L 40
i ¥
J 16 min.
@53 7,3
1 1
I I 3
1 - &
! ! !
| | I
— ——E —-—[-—-—-—-—-—-—-—-—-—-—-—! -------- — |30 |40
i |
! y
e — D
25
45 | 60
e =]
120 maxs¢
$5240

Figure A.1.4.(IC)

Dimensions inrmillimetres

A.2 (IC)Rated operating distance

The rated operating distance shall be according to Table A.2 (IC). The rated operating disfance is a
conventignal quantity, it does not takéyinto account either manufacturing tolerances or variatigns due to
external gonditions such as voltagé and temperature (see 2.3.1.1 and 7.2.1.3).

Table A.2 (IC)
Rated operating distance in millimetres
Type Rated operating distance

11C26 emipeddable 10
C35 non-gmbeddable 15
11C40 embeddable 15
12C40 non-embeddable 20
11C30 embeddable 10
12C30 non-embeddable 15

A.3 (IC) Installation (mounting)

A.3.1 (IC) Type I1C proximity switch installed in damping material is shown in Figure A.2 (IC). Figure A.2
(IC) a shows the proximity switch with front sensing face. Figure A.2 (IC) b shows the proximity switch with
side sensing face installed.
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% %
7 %
N % 4
O
O O O @
24
) b >0
23x Sn \
) Sensing face
7.
$5238 a) b)
Figure A.2 (IC)
Installation of a I1C proximityswitch in damping material
A.3.2 (IQ) Type 12C proximity switch installed in damping material as shown in Figure A.3 (IC).
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A4 (IC

Sensing face

Sensing face

a) Angle mounting

l@— 22 x Sp

$5239

requirements

Z

Sensing face

¢) Embedded in damping material

Figure A.3 (IC)

Installation of 12C35 in damping material

Frequency of operating cycles (f)iff operating cycles per second — Minimum

b) Channel’ mounting

Sensing face

]
/ \ ‘23X5n
/ > 1,5%a

7

d) Not embedded in damping material

Formjand size

Switching element function: A or B

Installation Type of output
PorN D H
026 1 40 40
L35 2 100 50
£30 1 70 50 5
hnd
£40 1 50 50

NOTE Sa

he.as A4 (IA).
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MODEL ID
INDUCTIVE RECTANGULAR PROXIMITY SWITCHES WITH RECTANGULAR CROSS-SECTION
A.1 (ID) Dimensions

Type 12D non-embeddable proximity switches shall have overall and mounting dimensions according to
Figure A.1 (ID) and Table A.1 (ID). Parts of the cable assembly are not included in the overall dimensions.

/ Sensing face

| T
I I I
40415 I I I Cable er_wt_rL__ R 2
I I I ! 16 min.
! | | | ' \
h
I2
V' —tro——= o b
I
|
I
by by
J Cable entry
|
e e

by Cable entry

2 25,3403

S5241

Figure A.1 (ID)

Dimensions

Table A.1 (ID)
Dimensions in millimetres
Type I, max. I, = b, by max.
12D60 120 45 50
12D80 135 65 80

A.2 (ID) Rated operating distance

The rated operating distance for non-embeddable proximity switches shall be according to Table A.2 (ID).
The rated operating distance is a conventional quantity, if does not take into account either manufacturing
tolerances or variations due to external conditions such as voltage and temperature (see 2.3.1.1 and
7.2.1.3).
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Table A.2 (ID)

Rated operating distances in millimetres

Type

Rated operating distance

12D60 non-embeddable
12D80 non-embeddable

25
40

A.3 (ID) Installatio

n (mounting)

The installation of the 12D60 and 12D80 proximity switches in damping material is shown in Figure A.2 (ID).

>3 xS
b1 ‘|A21,5 X b1 .
Y Sensing
- face
$5242

23X5n
22Xb|

v
}

ol

Bl Vl‘

Sensing
face

7

Free zone or non—damping material
(for instance a non=metallic material)

Figure A.2 (ID)

Installation of 12D in damping material

A.4 (ID)Frequency of operating cycles (f) in operating cycles per second — Minimum

requirements

Switching element function: A or B
Form and size Installation Type of output
PorN D
D60 2 25 15
D80 2 10 10

NOTE Same as A.4 (IA).
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MODEL CA
CAPACITIVE CYLINDRICAL PROXIMITY SWITCHES WITH THREADED BARREL
A.1 (CA)Dimensions

The dimensions are thread sizes shown in Figure A.1 (CA) shall be according to Table A.1 (CA). Within the
dimensional limits of d; and /,, all rigid parts of the connecting leads shall be included. The diameter of
unthreaded portion d, shall not exceed the minor diameter of the thread. The thread can be omitted and
the diameter reduced to d, on a length not exceeding /<2 x s,..

Across flats (AF)
Serjsing face

Target I3 m m

S5231

Figure A.1 (CA)
Dimensions

Table A.1 (CA)
Dimensions in millimetres

Sensing Dimensions
means:
capacitive (C)
Body Nuts
Type d, Iy I AF m d;?
Thread size Min. max. +0,15 max.

CA18 M18 x 1 50 100 24 4 28
CA30 M30 x 1,5 50 100 36 5 42

@dzmin. = 1,13 AF
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A.2 (CA) Rated operating distance (s;))

The rated operating distance is adjusted by the manufacturer under mounting conditions stated in Clause

A.3 (CA).

The rated operating distance shall be set according to Table A.2 (CA). The rated operating distance is a
conventional quantity, it does not take into account either manufacturing tolerances or variations due to

external conditions such as voltage, temperature, humidity and mounting conditions.

Table A.2 (CA)
Type Rated operating distance
CA18 5
CA30 10
A.3 (CA) Installation (mounting)
23 x5n >3 x5n

Target

-

Damping material
(earthed metal)

Capacitive proximity switch

Sensing face

23 xdq

$5243

Figure A.2 (CA)

Installation (mounting)

A.4 (CA)Frequency of operating cycles (f)

Minimum requirements: 10 operating cycles per second for type A18 and type A30.
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(Under co

MODEL CB

CAPACITIVE PROXIMITY SWITCHES WITH SMOOTH BARREL

nsideration.)

MODEL CC

CAPACITIVE RECTANGULAR PROXIMITY SWITCHES WITH SQUARE CROSS-SECTION

A1 (CC
Overall an
be accord
restricted.
dimension

Only one
which mg
any of th

S5237

Bi :

s are not.

sensing face

y occupy
e five sides

d mounting dimensions of type C30 shall be according to Figure A.1 (CC) a and type

ng to Figure A.1 (CC) b. Apart from these dimensions, the design of the proximity sw
The mounting dimensions are included within the dimensions of the housing, but the ¢

C40 shall
tch is not
bble entry

i Sensing
/| foce Coble ety |y |0
; 12 min.
— 4,3
|
M
| ¥
—-J:—- —f—-— | ———————————————————— +-— | 21 30
i Y
‘ ®_4_
26 5.3
41
|t
95 max.
i Lo

Figure A.1 (CC) a

Dimensions, type C30 in millimetres
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Only one sensing face
which may occupy

any of

$5240

A2 (cd

The ratea
A.3 (CC).

The rateq
conventid
external g

the five sides 1 )
t /Sensing
1/ face
i Coble entry | . 40
i j
J 16 min.
25,3 7,3
1 1
~ [T @
| | 0

|

1
h_____F____d

|

45 60

120 maxs¢

Figure A.1 (CC) b

Dimensions, type €40 in millimetres

) Rated operating distances (s,)

onditions such as.installation (mounting), voltage, humidity and temperature.

Table A.2 (CC)
Rated operational distance in millimetres

operating distance is adjusted by the manufacturer under mounting conditions stated|in Clause

operating distance,shall be according to Table A.2 (CC). The rated operating disfance is a
nal quantity, it dogs-not take into account either manufacturing tolerances or variatigns due to

Type Rated operating distance

CC30 10
CC40 15
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A.3 (CC) Installation (mounting)

23 x5n d

Target
|

f\
A
N
N

./

Ya
AN

i
(&

Sensing
face

M
w

22xd

Type CC30:d=30mm
Type CC40:d=40mm

Damping material
(earthed metal)

$5244
Figure'A.2 (CC)

Installation (mounting)

A.4 (CC)Frequency of operating cycles (f)

Minimum fequirements: 10 operating cycles per second for type C30 and type C40.
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MODEL CD
CAPACITIVE RECTANGULAR PROXIMITY SWITCHES WITH RECTANGULAR CROSS-SECTION
A.1 (CD)Dimensions

Type D80 proximity switches shall have overall and mounting dimensions according to Figure A.1 (CD).
Parts of the cable assembly are not included in the overall dimensions.

25,3 Cable entry

Target
[ R
Sn /— Sensing face J_:
40415 Cable entry \
\6'min.
135 max.
65
€D @
80 65 /\
KJ Cable entry
€D D

$5245

Figure A.1 (CD)

Dimensions in millimetres

A.2 (CD) Rated operating distance (s,)

The rated operating distance is adjusted by the manufacturer under mounting conditions stated|in Clause
A.3 (CD).

The rated operating distance shall be: s, = 40 mm.

The rated operating distance is a conventional quantity, it does not take into account either manufacturing
tolerances or variations due to external conditions such as installation (mounting), voltage, humidity and
temperature.

A.3 (CD) Installation (mounting)

The proximity switch shall be mounted on damping material. The dimensions of the damping material shall
be at least three times the outside dimensions of the capacitive proximity switch.

Damping material in opposite of the sensing face shall not be closer than 3 x s,,.
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Ao A

| Sensing face

Damping material
(earthed metal)

$5246

Figure A.2 (CD)

Installation (mounting)

A.4 (CD) Frequency of operating cycles (f)

Minimum fequirement: 10 operating cycles-per second.
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MODEL UA
THREADED BARREL ULTRASONIC CYLINDRICAL PROXIMITY SWITCHES
A.1 (UA) Dimensions

The dimensions and thread size shown in Figure A.1 (UA) shall be according to Table A.1 (UA). Within the
dimensional limits of d; and /5, all rigid parts of the connecting leads shall be included. The diameter d,
may exceed the diameter of the thread according to extended sensing ranges. The diameter d, of the
unthreaded part shall not exceed the minor diameter of the thread.

Across flats (AF)
Sensing | face

n\ :

3 m m
/1
)
55258 B o
Figure A.1 (UA)
Dimensions
Table A.1 (UA)
Dimensions in millimetres
Dimensions
Body Nuts
Code
d1 dz I1 Iz I3 AF m d3a
thread size +0,15 max.
U3A18..A M18 x 1 M18 30 100 0 24 4 28
U3A30..A M30 x 1,5 M30 50 150 36 5 42
U3A30..B M30 x 1,5 M30 50 150 36 5 42
U3A30..E M30 x 1,5 70 max. 50 150 35 36 5 42
U3A42..D M42 x 1 M42 35 150 0 50 6 57
U3A42..E M42 x 1 70 max. 50 150 35 50 6 57
@ dymin. = 1,13 AF.
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A.2 (UA) Sensing range

The operating distances max. and min. for ultrasonic proximity switches shall be according to Table A.2
(UA). These distances are conventional quantities, they do not take into account variations due to external

conditions such as temperature, altitude and humidity.

Table A.2 (UA)
Requirements for sensing range in millimetres
. Target size
Sensing-range from to
mm
A 60 300 10x| 10
B 300 800 20-x 20
D 500 2000 100 x 10(
E 800 6 000 100 x 10(

A.3 (UA) Installation (mounting)
According|to the instructions of the manufacturer.
A.4 (UA) Frequency of operating cycles (f)

Shall be stated by the manufacturer either in operating .cyCles per second or in
minute.

operating gycles per
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MODEL UC
ULTRASONIC RECTANGULAR PROXIMITY SWITCHES WITH SQUARE CROSS-SECTION
A.1 (UC)Dimensions

Overall and mounting dimensions shall be according to Figure A.1 (UC). Apart from these dimensions, the
design of the proximity switch is not restricted. Within the overall dimensions of the housing, the mounting
dimensions are included but the cable entry dimensions are not included.

A
Only one sensing face _ \ _
which may occupy <~ | &7
any of |the five sides ! Sensing
i face
| Coble entry -~ 11|40
i 16 min’Ir
25,3 7,3
| |
o [T &
—i l l 3 (40
Bk R P N o
i | |
- R — S
25
45 | 60
Lo =1
120 max.
$5240

Figure A.1 (UC)
Dimensions of type U3C40

A.2 (UQ) Sensingrange

The maximunt’and minimum operating distances for ultrasonic proximity switches shall be agcording to
LI Tl aiat ' 1 P . al + 41 Hy 4 H H
Table A1 o) meseaistancesareconventonarquantiesS, ey oot @areMtoaccotntvart tions due

to external conditions such as temperature, altitude and humidity.

Table A.1 (UC)
Requirements for Sensing range in millimetres

. Target size
Sensing range from to
mm
A 60 300 10 x 10
C 300 1000 20 x 20
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A.3 (UC) Installation (mounting)
According to the instructions of the manufacturer.
A.4 (UC) Frequency of operating cycles (f)

Shall be stated by the manufacturer either in operating cycles per second or in operating cycles per
minute.



https://ulnorm.com/api/?name=UL 60947-5-2 2022.pdf

MARCH 31, 2022

CSA C22.2 No. 60947-5-2:22 ¢ UL 60947-5-2

103

MODEL UD

ULTRASONIC RECTANGULAR PROXIMITY SWITCHES WITH RECTANGULAR CROSS-SECTION

A.1 (UD)Dimensions

Type U3D80 ultrasonic proximity switches shall have overall and mounting dimensions according to Figure
A.1 (UD). Parts of the cable assembly are not included in the overall dimensions.

/— Sensing face

A.2 (UD) Sensingrange

Figure A.1 (UD)

‘ ...................................
40115 Cable entry ’
\ 16 mine
|
135
65
i P
/‘\\J
80 65
K‘/ Cable entry
‘ N
325 Cable entry
55247 L—> =TT
25,310,3
40

Dimensions of type U3D80 in millimetres

The operating distances shall be according to Table A.2 (UD). These distances are copventional
quantitieq, they do not take into account variations due to external conditions such as temperature, altitude
and humithity-
Table A.2 (UD)
Requirements for sensing range in millimetres
. Target size
Sensing range from to
mm

A 60 300 10 x 10

C 300 1000 20 x 20

E 800 6 000 100 x 100
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A.3 (UD) Installation (mounting)
According to the instructions of the manufacturer.
A.4 (UD) Frequency of operating cycles (f)

Shall be stated by the manufacturer either in operating cycles per second or in operating cycles per
minute.
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Annex B
(normative)

Class Il proximity switches insulated by encapsulation — Requirements and tests
B.1 General

This annex specifies constructional requirements and tests for class Il proximity switches or parts of
devices in which insulation of class Il, according to IEC 61140, is achieved by encapsulation.

All parts which are not encapsulated shall follow the requirements specified for double insulation
concernirlg clearances and creepage distances.

B.2 Defjnitions
The following definitions apply to this annex.

B.2.1
encapsulation
process by which all components, conductors and ends of integral cables are encased in an|insulating
compound by suitable means such as embedding or potting

B.2.1.1
embedding
process df completely encasing electrical device(s) by pouring a compound over it (them) in a mould, and
removing|the encased device(s) from the mould after salidification of the compound

B.2.1.2
potting
embedding process in which the mould remains’attached to the encased electrical device(s)

B.2.2
compound
thermosetting, thermoplastic, catatytically cured and elastomeric materials with or without fillers and/or
additives/ after solidification

B.2.3
temperafure range of the’compound
the ambignt temperature range as stated in 6.1.1 of IEC 60947-1

B.5 Marking

Proximity|switches according to this annex shall be marked with the following symbol

This symbol is 60417-2-IEC-5172.
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B.7 Constructional and functional requirements

B.7.1 Choice of compound

The compound shall be chosen so that the encapsulated proximity switches comply with the tests in B.8.
B.7.2 Adhesion of the compound

The adhesion of the compound shall be sufficient to prevent the ingress of moisture between the
compound and all encapsulated parts and to prevent movement of the encapsulated portion of the cable if

any.
/ N

/]
[/
]
/ 7 [/

Voltoge application points

for dielectric tests
Endapsulated parts (B.8.1.2.1 and B.8.1.2.6)

Compliange shall be verified by the tests of B.8.1.2.5 and B.8.1.2.2.

Mouldmg if any

X

S4962A

Figure B.1
Encapsulated device

B.7.3 Dielectric properties

Subclause 7.2.3 applies with the following changes:

When U, is declared by the manufacturer, the test voltage shall be the next higher category of the
maximum rated operational voltage in the first column of Table H.1 or H.2 of Annex H of IEC 60947-1 for

the stated overvoltage category.

When U, is not declared by the manufacturer, the test voltage shall be the voltage stated in Table 6 of
this standard plus 1 000 V.
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B.8 Tests

B.8.1 Kind of tests

B.8.1.1 General

Subclause 8.1.1 of IEC 60947-1 applies.

B.8.1.2 Type tests

The followirg-sequenree-efsbtests-shal-be-apphecto-cach-ofthree-samplesinthe-speeified-order.
B.8.1.2.1| Dielectric tests in new conditions

Subclausg 8.3.3.4 of IEC 60947-1 applies with the exception that the values of veltage shall be applied
between the stripped joined ends of the cable or the shorted terminals and any, point of the gurface (or

metallic f¢il on the surface) of the encapsulated device (see Figure B.1).

No break
B.8.1.2.2
Proximity
B.8.1.2.3
TestNa s
— Tpand

— transitig
— number

— exposu

After the {est, no visibleé.damage shall be observed.?

2 Small crag
shall notim

Hown of the insulation shall occur.

Cable tests (if applicable)

Rapid change of temperature test

hall be performed in accordance with IEC.60068-2-14 with the following values:
5 are the minimum and the maximumtemperatures stated in B.2.3;

n time £: 2 min to 3 min;

of cycles: 5;

etimet;: 3 h.

ks of the.moulding compounds, if any (see Figure B.1) are acceptable after tests B.8.1.2.3, B.8.1.2.4 and B.

switches provided with integrally connected cables shalt comply with requirements of Annex C.

.1.2.5. They

air the results of the final test of B.8.1.2.6.

B.8.1.2.4

Impact test

The test is performed as follows (see Figure B.2).

The sample is placed on a rigid support.

Three impacts of 0,5 J shall be applied near the centre of the largest surface or the longest axis (for

cylindrica

The impa

| shape) of the encapsulated device.

cts are obtained by dropping a steel ball 0,25 kg from a height of 0,20 m.
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