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Foreword
The text of document 17B/1570/FDIS, future edition 3 of IEC 60947-5-2, prepared by SC 17B,
Low-voltage switchgear and controlgear, of IEC TC 17, Switchgear and controlgear, was submitted to the
IEC-CENELEC parallel vote and was approved by CENELEC as EN 60947-5-2 on 2007-11-01.
This European Standard supersedes EN 60947-5-2:1998 + A1:1999 + A2:2004.
The main changes with respect to EN 60947-5-2:1998 are as follows:
— modification of Table 3;
— modifications of voltage dips and voltage interruptions immunity tests, in Table 8;

— modification of status of Annex A, now informative.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2008-08-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2010-11-01

This European Standard has been prepared under a mandate given to CENELEC by the European
Commission and the European Free Trade Association and covers essential requirements of
EC Directive 2004/108/EC. See Annex ZZ.

Annexes ZA and ZZ have been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60947-5-2:2007 was approved by CENELEC as a European
Standard without any modification.

Documents

Document Sharing Hub

Full document details: BS EN 60947-5-2:2007+A1:2012


http://www.avadocuments.com/doc/bs-en-60947-5-2-2007-a1-2012
http://www.avadocuments.com/doc/bs-en-60947-5-2-2007-a1-2012

BS EN 60947-5-2:2007+A1:2012
_3- EN 60947-5-2:2007+A1:2012 (E)

Foreword to amendment A1

The text of document 17B/1733/CDV, future amendment 1 to edition 3 of IEC 60947-5-2, prepared by
SC17B "Low-voltage switchgear and controlgear" of IEC/TC 17 "Switchgear and controlgear" was
submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN 60947-5-2:2007/A1:2012.

The following dates are fixed:

e latest date by which the document has (dop) 2013-08-01
to be implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2015-11-01
standards conflicting with the
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

This standard covers the Principle Elements of the Safety Objectives for Electrical Equipment
Designed for Use within Certain Voltage Limits (LVD - 2006/95/EC).

This document has been prepared under a mandate given to CENELEC by the European Commission
and the European Free Trade Association, and supports essential requirements of EU Directive.

Endorsement notice

The text of the International Standard IEC 60947-5-2:2007/A1:2012 was approved by CENELEC as a
European Standard without any modification.
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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 annexes, are identified by references to IEC 60947-1, e.g. subclause 7.1.9.3 of
IEC 60947-1 or Annex C of IEC 60947-1.

Clauses 1 to 8 contain the general requirements. Specific requirements for the various types of
proximity switches are given in Annex A.

1.1  Scope and object

This part 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 objects, photoelectric proximity switches that sense the presence of objects
and non-mechanical magnetic proximity switches that sense the presence of objects with a
magnetic field.

These proximity switches are self-contained, have semiconductor switching elements(s) and
are intended to be connected to circuits, the rated voltage of which does not exceed 250 V
50 Hz/60 Hz a.c. or 300 V d.c. This Standard is not intended to cover proximity switches with
analogue outputs.

The object of this standard is to state for proximity switches:

— definitions;

— classification;

— characteristics;

— product information;

— normal service, mounting and transport conditions;
— constructional and performance requirements;

— tests to verify rated characteristics.

1.2 Normative references

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

IEC 60050(441):1984, |International Electrotechnical Vocabulary (IEV) — Chapter 441:
Switchgear, controlgear and fuses
Amendment 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 Documents
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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

IP) IEC 60445:2010, Basic and safety principles for man-machine interface, marking and
identification — Identification of equipment terminals, conductor terminations and conductors

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

IEC 61000-3-2:2005, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for
harmonic current emissions (equipment input current < 16 A per phase)

Amendment 1:2008

Amendment 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

IEC 61000-4-4:2004, Electromagnetic compatibility (EMC) - Part 4-4: Testing and
measurement techniques — Electrical fast transient/burst immunity test

I%) 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 techniques — Voltage dips, short interruptions and voltage variations immunity
tests

IEC 61000-4-13:2002, Electromagnetic compatibility (EMC) - Part 4-13: Testing and
measurement techniques — Harmonics and interharmonics including mains signalling at a.c.
power port, low-frequency immunity tests
Amendment 1:2009 &l

IEC 61076-2 (all parts), Connectors for electronic equipment — Product requirements — Part 2:
Circular connectors

IEC 61140:2001, Protection against electric shock — Common aspects for installation and
equipment
Amendment 1 (2004)

CISPR 11:2009, Industrial, scientific and medical equipment — Radio-frequency disturbance
characteristics — Limits and methods of measurement
Amendment 1:2010 Documents
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ISO 630 (all parts), Structural steels

2 Definitions

Clause 2 of IEC 60947-1 applies with the following additions:

Alphabetical index of definitions References
A

Adjuster of a proximity SWItCh ....... ... 2.2.15

Adjuster of a capacitive proximity SWitCh ..o 2.2.15.1

Adjuster of an ultrasonic proximity switch ... 2.2.15.2

Ambient light for a photoelectric proximity switch ............cooiiiii 2.4.7

Assured operating distance (S,) ... 2.3.1.7

AXIAl AP PIOACK L. s 2.3.3
B

BN ZON @ .. 2.3.1.3

Break fUNCHION ... e 2.4.1.2
C

Capacitive proximity SWitCh ... ... e 2.1.1.2

CUITENES (1) i e e e 2.4.5
D

Damping Material......co.i e 2.2.5

Differential travel (H) ... e 2.3.5

Direct operated proximity SWIitCh ... 2.1.1.6
E

Effective operating distance (S;) ..., 2.3.1.5

Embeddable proximity SWItCh ... 2.2.9

0 = 2.2.12

Excess gain for a photoelectric proximity switch ................cooi 2.4.6
F

B ZOMN e e 224

Frequency of operating CYClIe (F) ... 243
I

Independent (SNAP) ACHION ......cuiiiii s 2.4.2

Indirect operated proximity SWItCh....... ..o 21.1.7

Inductive proximity SWItCh ... .. ..o 2.1.1.1
L

Lateral @apPrOaCh . ..o 2.3.2
M

=Y = 0T 1 1o o TS 2411

Make-break, or changeover funCtion........ ... 2.4.1.3

Maximum operating diStanCe ... ..o 2.3.1.2.2

Minimum operating diStanCe ... ... 2.3.1.21
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Minimum operational current (/) ..o 2.45.2
N
Neutral density filters ... e 2.1.1.8
No-load supply current (/5) ...ooooooomoii 2453
NON-damping Material ... e 2.2.6
Non-embeddable proximity SWItCh ... 2.2.10
Non-mechanical magnetic proximity SWitCh..............oooiiii e, 21.1.5
O
OFF-state current (/) ... 2.4.51
Operating diSTANCES () «ovuuiiuiii i 2.3.1
Operating range () oo ooeeereeee e 2.3.1.8
Operation of a proximity SWitCh ... .. ..o e 2.3
P
Parts of proximity SWItChes ... ... 2.2
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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

2111

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

ultrasonic proximity switch (see Figure 2)

a proximity switch transmitting and receiving ultrasound waves within a sensing zone and
having a semiconductor switching element

21.1.4

photoelectric proximity switch (see Figure 1)

a proximity switch which senses objects that either reflect or interrupt visible or invisible light
and having a semiconductor switching element

21.1.41

type D

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

2.1.1.4.2

type R

retroreflective photoelectric proximity switch which is indirectly operated through lateral
approach to its reference axis between emitter-receiver and reflector by a defined object

2.1.1.4.3
type T

through beam photoelectric proximity switch which is indirectly operated through lateral
approach of its reference axis between emitter and receiver by a defined object

2115

non-mechanical magnetic proximity switch

proximity switch which senses the presence of a magnetic field and has a semiconductor
switching element and no moving parts in the sensing element

2.1.1.6
direct operated proximity switch
proximity switch which detects its target without the use of an external means, e.g. a reflector

1 See IEC 60050(441).
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21.1.7
indirect operated proximity switch
proximity switch which detects its target with the use of an external means, e.g. a reflector

21.1.8
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.

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

2.2.2.1

reference axis for inductive, capacitive, non-mechanical magnetic and ultrasonic
proximity switches

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

2.2.2.2

reference 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
lenses (see Figure 1)

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

223

standard target

a specified object used for making comparative measurements of the operating distances and
sensing distances

224

free zone

a volume around the proximity switch which is kept free from any material capable of affecting
the characteristics of the proximity switch

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

2.2.6
non-damping material
a material 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
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2.2.8

sound-absorbing material

a material with negligible reflecting characteristics for ultrasound waves which gives no
detectable echo

229

embeddable proximity switch

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

2210

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

2.2.11
Sensing face

2.2.11.1
sensing face of an inductive proximity switch
a surface of the proximity switch through which the electromagnetic field emerges

2.2.11.2
sensing face of a capacitive proximity switch
a surface of the proximity switch through which the electric field emerges

2.211.3
sensing face of an ultrasonic proximity switch
a surface of the proximity switch where ultrasound is transmitted and received

22114
sensing face of a non-mechanical magnetic proximity switch
a surface of the proximity switch through which the change in a magnetic field is detected

2.2.12
emitter
the light source, lens and necessary circuitry which provide the light beam

2.2.13

receiver

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

2.2.14

reflector

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

2.2.15
Adjuster

2.2.15.1

adjuster of a capacitive proximity switch

a part of capacitive proximity switch used to set the operating distance. Its use compensates
for influence due to target material, transmission medium and installation (mounting) conditions
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2.2.15.2

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 Operation of a proximity switch

2.3.1

operating distances (s)

a distance at which the target approaching the sensing face along the reference axis causes
the output signal to change

2311

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 (sq)
the range within which the operating distance may be adjusted

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

2.31.2.2
maximum operating distance
the upper limit of the specified sensing range of an ultrasonic or photoelectric proximity switch

2313

blind zone

the zone between the sensing face and the minimum operating distance, where no object can
be detected

2314

total beam angle

the solid angle around the reference axis of an ultrasonic proximity switch, where the sound
level drops by 3 dB
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o

IEC 2934/03

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

Reflector
———————|

) I
Blind zone —gm] - ° -

for reflector

IEC 2935/03

Figure 1b - Type R, emitter-receiver and reflector - Retroreflective photoelectric

Reference axis

Emitter and

: object
receiver

—

Sd

Blind zone —s|
for object

IEC 2936/03

Figure 1c - Type D, emitter-receiver and object - Diffuse reflective photoelectric

Figure 1 — Sensing range and operating range of photoelectric proximity switches
(see 7.2.1.3 and 8.4)

2.3.1.5

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 operating distance (s,)

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

2.31.8

operating range (r,)

range within which a lateral approach of the target causes the output signal of a through beam
or retroreflective proximity switch to change

2.3.2
lateral approach
the approach of the target perpendicular to the reference axis
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233
axial approach
the approach of the target with its centre maintained on the reference axis

2.3.4
repeat accuracy (R)
the value of variation of the effective operating distance (s,) under specified conditions

2.3.5

differential travel (H)

the distance between the operating point when the target approaches the proximity switch and
the release point when the target moves away

2.4 Switching element characteristics

2.4.1
switching element function

2411

make function

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

2.41.2

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

241.4

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

2.41.5

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)

2.4.1.6

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 0,5 (see 2.4.6)

2.4.2
independent (snap) action
a switching element function substantially independent from the velocity of the target

2.4.3
frequency of operating cycles (f)
number of operating cycles performed by a proximity switch during a specified period of time

2.4.4
time delay before availability (t,)
the time delay before availability is the time between the switching on of the supnly Q@Ments
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the instant at which the proximity switch becomes ready to operate correctly

245
Currents (/)

2451
off-state current (/)
the current which flows through the load circuit of the proximity switch in the OFF-state

2.4.5.2
minimum operational current (/)
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

2.4.6

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

Blind zoneI

Sensing range

Total beam
angle

Reference axis

Minimum operating distance .——1 . .
Effective operating

Assured operating distance (sg)

distance (sy)

Maximum operating distance

IEC 888/92

Figure 2 — Ultrasonic proximity switch operating distances
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3 Classification

Proximity switches shall be classified according to various characteristics as shown in Table 1.
It is recommended 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 mechanical installation is designated by one digit in the second position.

3.3 Classification according to the construction form and size

The construction form and the size are designated by three digits, one capital letter and two
numbers. This three-digit designation is placed in the third position.

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

The two numbers designate the size, e.g. the diameter of cylindrical types or a length of one
side for rectangular types.

3.4 Classification according to switching element function

The switching element function is designated by a capital letter placed in the fourth position.

3.5 Classification according to type of output

The type of output is designated by a capital letter and placed in the fifth position.

3.6 Classification according to method of connection

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

4 Characteristics

4.1 Summary of characteristics
The characteristics of a proximity switch shall be stated in the following terms.

— 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)
Normal load and abnormal load characteristics (4.3.5)
Short-circuit characteristics (4.3.6)
— Utilization categories for the switching element (4.4).
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411 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 output signal is determined by the presence or absence of a designated object in the
sensing zone which reflects 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
reflects or interrupts visible or invisible light radiated from the emitter.

NOTE Many manufacturers of photoelectric proximity switches have traditionally used the terminology “light-
operated” and “dark-operated”. In 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-operated”, and if the presence of light at the receiver causes the output
to be in OFF state, then the device is called “dark-operated”.

4.1.4 Operation of a magnetic proximity switch

The output signal is determined by the presence or absence of a designated object, which
produces a change in a magnetic field within the sensing zone.

4.2 Operating conditions
421 Operating distance (s) of inductive and capacitive proximity switches

The relationship between the operating distances is shown in Figure 3.

4.21.1 Rated operating distance (s,)

Rated operating 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.

4.2.21 Sensing range (sq)

Sensing range values are given in the relevant annexes.

4.2.3 Operating distance(s) of a photoelectric proximity switch
4.2.3.1 Sensing range (sq)

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

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,).
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Figure 3 — Relationship between operating distances of inductive
and capacitive proximity switches (see 4.2.1, 7.2.1.3 and 8.4.1)
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Figure 4 — Relationship between operating distances of ultrasonic proximity
switches (see 4.2.2,7.2.1.3 and 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
range shall be designated Ug.

The relationship between U, and Ug is shown below:

Ue min U,

e max
- Rated operational voltage (U.) >[“

? .
L B
0,

IEC 891/92

4.3.1.2 Rated insulation voltage (U;)

The rated insulation voltage of a proximity switch is the value of voltage to which the dielectric
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 (Uimp)

Subclause 4.3.1.3 of IEC 60947-1 applies.
4.31.4 Voltage drop (Uy)
The voltage drop is the voltage measured across the active output of the proximity switch when

carrying the operational current flows under specified conditions. The values are specified
in7.2.1.15.

4.3.2 Currents

The proximity switch and its switching element are defined by the following currents.

4.3.2.1 Rated operational current (/,)

See 7.2.1.11.

4.3.2.2 Minimum operational current (/)

See 7.2.1.12.
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4.3.2.3 OFF-state current (/)

See 7.2.1.13.

4.3.2.4 No-load supply current (/,)

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

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 stated
by the manufacturer.

4.3.5 Normal load and abnormal load characteristics

4.3.5.1 Rated making and breaking capacities and behaviour of switching element
under normal conditions

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

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

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.

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 manufacturer's catalogue or tender may constitute such an agreement.
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Table 2 — Utilization categories for switching elements

Kind of current Category Typical applications

Alternating current AC-12 Control of resistive loads and solid state loads with
optical isolation

AC-140 Control of small electromagnetic loads with holding
(closed) current <0,2 A:

e.g. contactor relays

Direct current DC-12 Control of resistive loads and solid state loads with
optical isolation

DC-13 Control of electromagnets

5 Product information

5.1 Nature of information — Identification

The following information shall be given by the manufacturer:

a) The manufacturer's name or trade 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.

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 conditional short-circuit current (see 4.3.6.1).

[) Electromagnetic 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) Frequency of operating cycles (see 7.2.1.6).

r) Minimum 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) Mounting application, embeddable or non-embeddable (see 2.2.9 and 2.2.10).
x) Physical dimensions (see 7.3).

y) Excess gain (see 7.2.1.10).
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5.2 Marking

5.21 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 shall 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
manufacturer's literature.

5.2.2 Terminal identification and marking

Subclause 7.1.7.4 applies.

5.2.3 Functional markings

The sensing face shall be marked where this is not apparent by the construction of the
proximity switch.

[*)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 switches 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 and consult the manufacturer on the suitability for use under such conditions.

6.1.1 Ambient air temperature

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

These proximity switches shall operate between the ambient temperatures of —25 °C to +70 °C.

The operating characteristics shall be maintained over the permissible range of ambient
temperature.

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

Subclause 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).

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 Conditions during transport and storage
A special agreement shall be made between the user and the manufacturer if the conditions

during transport and storage, e.g. temperature and humidity conditions, differ from those
defined 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

71 Constructional requirements
711 Materials

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

Special attention shall be called to flame and humidity resisting qualities, and to the necessity
to protect certain insulating materials against humidity.

NOTE Requirements are under consideration.

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.
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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.

7.1.4 Actuation

Proximity switches are tested for operation by the presence or absence of the standard target,
the characteristics of which are specified in 8.3.2.1.

7.1.5 Vacant
7.1.6 Vacant
71.7 Terminals

71.71 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.

7.1.7.3 Connection means
%) Subclause 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
connecting leads should be 250'1 m long unless otherwise agreed between manufacturer and

customer. Information provided by the manufacturer may constitute such an agreement.

NOTE National US Electrical Code states that:

1) the free length of a field wiring lead is not less than 152 mm long or 100 mm when intended for installation in
an outlet box;

2) a lead that is intended to be spliced in the field to a circuit conductor is not smaller than 0,2 mm?2 (24 AWG)
and the insulation, when rubber or thermoplastic, is not less than 0,8 mm thick.

71.7.4 Connection 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
according to Table 3.

Proximity switches with terminal connections shall be identified according to Table 3.
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I*» Table 3 — Connection and wiring identification

Type Function Wire Wire colour Terminal
number °: ©
NO (make) A | a 2
2 terminals a.c. ny co.our
and except: 1
. NC (break) Yellow,
2 terminals d.c. G 2
h reen or
unpolarized
NO/NC Green and yellow 1
programmable 4
+ Brown 1
NO (make)
2 terminals d.c. - Blue 4
polarized + Brown 1
NC (break) _ Blue oh
+ Brown 1
NO (make) - Blue 3
3 terminals d.c. Output Black 4
polarized + Brown 1
NC (break) - Blue
Output Black 2h
L Brown 1

3 terminals a.c. NO (make) Blue 3

and Output Black 4

3 terr_ninals a.c./ d.c. L Brown 1

polarized NC (break) Blue 3

Output Black 2

+ Brown 1

4 terminals d.c. Change over - Blue 3
polarized (make/break) NO output Black 4
NC output White 2

+ Brown 1

- Blue 3

NO output Black 4

8 poles M12 connector NO. NC NC output White 2

d.c. and other not defined functions Not defined Grey 5

polarized 9 Not defined Pink 6

Not defined Violet 7

GND Orange © 8

Screen Screen f 8

+ Brown 1

- Blue 3

NO output Black 4

NC output White 2

Not defined Grey 5

12 poles M12 NO, NC Not defined Pink 6
do and other not defined Not defined Violet 7
olarized 9 functions GND Orange © 8
P Screen Screen 8
Not defined Grey/Pink 9

Not defined White/Blue 10

Not defined White/Grey 11

Not defined Grey/Brown 12

@ |t is recommended that both wires are of the same colour.

b Terminal numbers (except for a.c. proximity switches, proximity switches using 5 mm and 8 mm connector) shall be
the same as integral connector pin numbers.

€ For proximity switches with four or eight terminals d.c. having special functions, terminals 2 or 4 may be used for
functions other than outputs. In this case, the manufacturer shall give a clear indication of the wire colour and
functionality.

d For proximity switches with four terminals d.c., terminals 2 or 4 may be used for output combinations other than
those shown in this table. In this case, the manufacturer shall give a clear indication of the function of each
terminal.

€ For connectors without screen connection.

f For connectors with screen connection.

9 Recommended colour coding. The manufacturer shall state the actual wire colours used in the information for use.

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

The bi-colour 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 for any other purpose than to identify the protective earth conductor. Documents
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7.1.8 Vacant
7.1.9 Provisions for protective earthing
7.1.9.1 Constructional requirements

Subclause 7.1.10.1 of IEC 60947-1 applies with the following addition.

NOTE 1 For proximity switches having class Il insulation, the outside metal enclosure is not required to be
connected to the protective earth 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 (if any) in
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.

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 |P65 protection, except for photoelectric switches which shall have minimum P54
protection and shall be verified according to 8.2.

NOTE During the test for the degree of protection the operation of the proximity switch is not required.

7.1.11 Requirements for proximity switches with integrally connected cables

See Annex C.

7.1.12 Class Il proximity switches

These devices shall not be provided with means for protective earthing (see IEC 61140).
For class Il proximity switches insulated by encapsulation, see Annex B.

7.2 Performance requirements

The following requirements apply to clean new equipment.

7.21 Operating conditions
7.21.1 General

The equipment shall be mounted in accordance with the instructions given in the relevant
specification sheet (Annex A) or by the manufacturer.

For the tests of 7.2.1.3 through 7.2.1.6 the load shall be adjusted to provide 0,2 /.
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7.2.1.2 Operating limits
The proximity switch shall operate satisfactorily

a) between 85 % and 110 % of Uy, or
b) between 85 % Ug nin and 110 % of Ug sy 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).

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 photoelectric proximity switches, the relationship between the operating distances is shown
in Figure 1.

7.21.3.1 Effective operating distance (s,)

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

— For inductive and capacitive proximity switches it shall be between 90 % and 110 % of the
rated operating distance (s,):
09s,<s,<1,1s,
— For ultrasonic proximity switches it shall be any distance between the minimum and
maximum operating distances:

Smin <S8 <S

min = max

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,):
09s,<s,51,15,
— For capacitive proximity switches, it shall be between 80 % and 120 % of the effective
operating distance (s,):
0,8s,<s,<12s,

7.21.3.3 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,<09%x0,9s,
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