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Low-Voltage Switchgear and Controlgear Sectional Comm ittee , ETD 07

NATIONAL FOREWORD

This Indian Standard (Part 5/Sec 1) which is identical with IEC 60947-5-1 : 2003 'Low-voltage
switchgear and controlgear - Part 5-1: Control circuit devices and switching elements ­
Electromechanical control circuit devices' issued by the International ~Iectrotechnical Commission
(IEC) was adopted by the Bureau of Indian Standards on the recommendation of the Low-Voltage
Switchgear and Controlgear Sectional Committee and approval of the Electrotechnical Division
Council.

This standard supersedes IS 13947 (Part 5/Sec 1) : 2004 'Low-voltage switchgear and cont rolgear­
Specification: Part 5 Control circuit devices and switching elements, Section 1 Electromechanical
control circuit devices (first revision)'.

This standard is to be read in conjunction with IS/IEC 60947-1 : 2004 'Low-voltage switchgear and
controlgear: Part 1 General rules'.

The text of IEC Standard has been approved as suitable for publication as an Indian Standard without
deviations. Certain conventions are, however, not identical to those used in Indian Standards.
Attention is particularly drawn to the following:

a) Wherever the words 'International Standard' appear referring to this standard, they should
be read as 'Indian Standard'.

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current
practice is to use a point (.) as the decimal marker.

In this adopted standard, reference appears to certain International Standards for which Indian
Standards also exist. The corresponding Indian Standards, which are to be substituted in their
respective places, are listed below along with their degree of equivalence for the ed itions indicated:

International Standard

IEC 60050 (441) : 1984 International
Electrotechnical Vocabulary (lEV) ­
Chapter 441: Switchgear, controlgear
and fuses

IEC 60050 (446) : 1983 International
Electrotechnical Vocabulary (lEV) ­
Chapter 446: Electrical relays

IEC 60068-2-6 : 1995 Environmental
testing - Part 2: Tests - Test Fc:
Vibration (sinusoidal)

IEC 60068-2-14 : 1984 Environmental
testing - Part 2: Tests - Test N:
Change of temperature

Co"esponding Indian Standard

IS 1885 (Part 17) : 1979 Electrotechnical
vocabulary: Part 17 Switchgear and
controlgear (first revision)

IS 1885 (Part 9) : 1992 Electrotechnical
vocabulary: Part 9 Electrical relays (first
revision)

IS 9000 (Part 8) 1981 Basic
environmental testing procedures for
electron ic and electrical items: Part 8
Vibration (sinusoidal) test

IS 9000 (Part 14/Sec 1 to 3) : 1988 Basic
environmental testing procedures for
electron ic and electrical items : Part 14
Test N: Change of temperature (first
revision)

iv

Degree of
Equivalence

Technically
Equivalent

Identical

Technically
Equivalent

do
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International Standard

IEC 60068-2-27 : 1987 Environmental
testing - Part 2: Tests - Test Ea and
guidance: Shock

IEC 60068-2-30 : 1980 Environmental
testing - Part 2: Tests - Test Db and
guidance: Damp heat, cyclic (12+12-hour
cycle)

IEC 60112 : 2003 Method for the
determination of the proof and the
comparative tracking indices of solid
insulating materials

IEC 60947-1 1999 1
) Low-voltage

switchgear and controlgear - Part 1:
General rules

IEC 60947-4-1 : 2002 Low-voltage
switchgear and controlgear - Part 4-1:
Contactors and motor-starters
Electromechanical contactors and motor­
starters

IEC 61000-4-2 : 1995 Electromagnetic
compatibility (EMC) - Part 4-2: Testing
and measurement techniques
Electrostatic discharge immunity test

IEC 61000-4-3 : 2002 Electromagnetic
compatibility (EMC) - Part 4-3: Testing
and measurement techniques - Radiated,
radio-frequency, electromagnetic field
immunity test

IEC 61000-4-4 1995 Electromagnetic
compatibility (EMC) - Part 4: Testing and
measurement techniques - Section 4:
Electrical fast transientlburst immunity
test

IEC 61000-4-8 : 1993 Electromagnetic
compatibility (EMC) - Part 4-8: Testing
and measurement techniques - Power
frequency magnetic field immunity test

CISPR 11 : 1997 Industrial, scientif ic and
medical (ISM) radio-frequency
equipment Electromagnetic
disturbance characteristics - Limits and
methods of measurement

Corresponding Indian Standard

IS 9000 (Part 17/Sec 1) : 2000 Guidance
for environmental testing: Part 17 Impact
test, Section 1 Shock test (Test Ea) (first
revision)

IS 9000 (Part 5/Sec 1 and 2) : 1981
Basic environmental testing procedures
for electronic and electrical items: Part 5
Damp heat (cyclic) test

IS 2824 2007 Method for the
determination of the proof and the
comparat ive tracking indices of solid
insulating materials (second revision)

IS/IEC 60947-1 : 2004 Low-voltage
switchgear and controlgear: Part 1
General rules

IS/IEC 60947-4-1 : 2002 Low-voltage
switchgear and controlgear: Part 4
Contactors and motor-starters, Section 1
Electromechanical contactors and motor­
starters

IS 14700 (Part 4/Sec 2) : 1999
Electromagnetic compatibility (EMC):
Part 4 Testing and measurement
techniques, Section 2 Electrostatic
discharge immunity test

IS 14700 (Part 4/Sec 3) 2005
Electromagnetic compatibility (EMC): Part
4 Testing and measurement techniques,
Section 3 Radiated, radio-frequency,
electromagnetic field immunity test

IS 14700 (Part 4/Sec 4) 1999
Electromagnet ic compatibility (EMC):
Part 4 Testing and measurement
techniques, Section 4 Electrical fast
transientlburst immunity test

IS 14700 (Part 4/Sec 8) : 1999
Electromagnetic Compatibility (EMC) :
Part 4 Testing and measurement
techniques, Section 8 Power frequency
magnetic field immunity test

IS 6873 (Part 4) : 1999 Limits and
methods of measurement of radio
disturbance characteristics: Part 4
Industrial, scientific and medical (ISM)
radio-frequency equipment (first revision)

Degree of
Equivalence

Technically
Equivalent

do

Identical

Technically
Equivalent

Identical

Technically
Equivalent

Identical

Technically
Equivalent

do

do

The technical committee respons ible for the preparat ion of this standard has reviewed the provisions
of the following International Standards referred in this adopted standard and has decided that they
are acceptable for use in conjunction with this standard:

" Since revised and adopted as ISIlEC 60947·1 : 2004.
v
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International Standard

IEC60073 : 2002

IEC60255-8 : 1990

IEC61000-4-5: 1995

IEC61000-4-6 : 1996

IEC61000-4-11 : 1994

IEC61000-4-13: 2002

IEC61140: 2001

Title

Basic and safety principles for man-machine interface, marking and
identification - Coding principles for indicators and actuators

Electrical relays - Part 8: Thermal electrical relays

Electromagnetic compatibility (EMC) - Part 4-5: Testing and
measurement techniques - Surge immunity tests

Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measurement techniques - Immunity to conducted disturbances,
induced by radio-frequency fields

Electromagnetic compatibility (EMC) - Part 4-11: Testing and
measurement techniques - Voltage dips, short interruptions and voltage
variation immunity tests

Electromagnetic compatibility (EMC) - Part 4-13: Testing and
measurement techniques - Harmonics and lnterharmonics including
mains signalling at a.c. power port, low-frequency immunity tests

Protection against electric shock - Common aspects for installation and
equipment

Only the English text of the International Standard has been retained while adopting it as an Indian
Standard, and as such the page numbers given here are not the same as in the IEC Publication.

For the purpose of deciding whether a particular requirement of this standard is complied with, the
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in
accordance with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of
significant places retained in the rounded off value should be the same as that of the specified value
in this standard.
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Indian Standard
LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR

PART 5 CONTROL CIRCUIT DEVICES AND SWITCHING ELEMENTS

Section 1 Electromechanical Control Circuit Devices

1 General

The provisions of the general rules , IEC 60947· 1, are app licable to th is standard, whe re
spec ifically called fo r. General rules, clauses and subclauses thus applicable, as well as
tables , figures and annexes are identif ied by a reference to IEC 60947-1 , for example 1 23,
Table 4 or Annex A of IEC 60947·1

1.1 Scope and object

This part of IEC 60947 appl ies to control circuit devices and SWitching elements intended for
controll ing, signalling, interlockin g, etc ., of switchgear and controlgear .

It applies to control circuit dev ices haVing a rated voltage not exceeding 1 000 V a.c . (at a
frequency not exceeding 1 000 Hz ) or 600 V d.c.

However, for operational voltages below 100 V a.c . or d.c, see note 2 of 4.3.11 .

This standard applies to specific types of control circuit deVices such as :

manual control SWitches, for example pushbuttons, rotary sw itc hes, foot sw itches , etc .;

- electromagnetica lly Operated control sw itches , either time -delayed or instantaneous, for
example contactor relays ;

pilot switches, for example pressure switches, temperature sensitive switches (thermostats) ,
programmers , etc .;

position sw itches , fo r example control switches operated by part of a machine or
mechan ism ;

associa ted control ci rcuit equ ipment, for example indicator lights , etc .

NOTE 1 A control circu it device includes (a) control sWitch(es) and associated dev ices such as (an) indicator
light(s) .

NOTE 2 A control sw itch tnetudes (a) sw itch ing element(s) and an actuating system.

NOTE 3 A switching element may be a contact element or a sem iconductor element .

It also appl ies to specific types of switching elements esseciated with other devices (whose
main circuits are covered by other standards) such as :

- auxiliary contacts of a switch ing device (e .g. contactor, circuit breaker. etc .) wh ich are not
dedicated exclusively for use with the co il of that dev ice ;

- interlocking contacts of enclosure doors;

control circuit contacts of rotary sw itches;

control circuit contacts of overload relays.
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Contactor relays shall also meet the requirements and tests of IEC 60947-4-1 except for the
utilization category which shall comply with this standard.

This standard does not include the relays covered in IEC 60255 or automatic electrical control
devices for household and similar purposes.

The colour requirements of indicator lights. pushbuttons , etc ., are found in IEC 60073 and
also in publication 2 of the International Comm iss ion of Illumination (eIE) .

The object of this standard is to state :

a) The characteristics of control circu it dev ices .

b) The electrical and mechanical requirements with respect to :

1) The various duties to be performed.

2) The sign ificance of the rated characteristics and of the markings.

3) The tests to verity the rated characteristics .

c) The functional requirements to be sat isfied by the control circuit dev ices with respect to :

1) Environmental conditions, including those of enclosed equipment.

2) Dielectric properties.

3) Terminals .

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 edit ion
of the referenced document (including any amendments) applies.

IEC 60050(441) :1984. International Electrotechnical Vocabulary (lEV) - Chapter 44 1:
Switchgear. controlgear and fuses
Amendment 1 (2000)

IEC 60050(446) :1983, International Electrotechnical Vocabulary (lEV) - Chapter 446 :
Electrical relays

IEC 60068-2-6 :1995, Environmenta/testing - Part 2: Tests - Test Fe: Vibration (sinusoidal)

IEC 60068-2-14 :1984, Environmental testing - Part 2: Tests - Test N: Change of temperature
Amendment 1 (1986)

IEC 60068-2-27:1987 , Environmental testing - Part 2: Tests - Test Ea and guidance: Shock

IEC 60068-2-30 :1980, Environmental testing - Part 2: Tests - Test Db and gUidance: Damp
heat . cyclic (12 + 12 hour cycle)
Amendment 1 (1985)

IEC 6007 3 2002, Bas ic and safety principles for man-machine interface, marking and
Identification - Coding pr inc iples for indications and actuators
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IEC 60112:2003, Method for the determination of the proof and the comparative tracKing
indices of solid insulating materials

IEC 60255 (all parts) , Electrical relays

IEC 60617 (all parts) , Graphical symbols for diagrams

IEC 60947-1 :1999, Low-voltage switchgear and controlgear - Part 1: General rules
Amendment 1 (2000)
Amendment 2 (2001)

IEC 60947-4-1 :2000, Low-voltage sWitchgear and controlgear - Part 4-1 ' Contactors and
motor-starters - Electromechanical contactors and motor-starters

IEC 61000-4-2 :1995, Electromagnetic compatibility (EMC) - Part 4-2 : Testing and measure­
ment techniques - Electrostatic discharge immunity test
Amendment 1 (1998)
Amendment 2 (2000)

IEC 61000-4-3 :2002, Electromagnetic compatibility (EMC) - Part 4-3: Testing and measure­
ment techniques - Radiated, redio-trequency, electromagnetic field immunity test

IEC 61000-4-4: 1995, Electro.magnetic compatibility (EMC) - Part 4: Testing and measurement
techniques - Section 4: Electrical fast transient/burst immunity test
Amendment 1 (2000)
Amendment 2 (2001)

IEC 61000-4-5 :1995, Electromagnetic compatibility (EMC) - Part 4-5 : Testing and measure­
ment techniques - Surge immunity tests

. Amendment 1 (2000)

IEC 61000-4-6: 1996, ElectromCfgnetic compatib ility (EMC) - Part 4-6: Testing and measure­
ment techniques - Immunity to conducted disturbances, induced by radio-frequency fields
Amendment 1 (2000)

IEC 61000-4-8:1993, Electromagnetic compatibility (EMC) - Part 4-8 ' Testing and measure­
ment techniques - Power frequency magnetic field immunity tes t
Amendment 1 (2000)

IEC 61000-4-11 :1994, Electromagnetic compat ibility (EMC) - Part 4-11 : Test ing and measure­
ment techniques - Voltage dips , short interruptions and voltage variations immunity tests
Amendment 1 (2000)

IEC 61000-4-13 :2002 , Electromagnetic compatibility (EMC) - Part 4-13 · Test ing and measure­
ment techniques - Harmonics and interharmonics including mains signalling at a.c. power
port, low-frequency immunity tests

IEC 61140:2001 , Protection against electric shOCK - Common aspects for installation and
equipment

CISPR 11:1997 , Industrial, sc ientific and medical (ISM) radio-frequency equ ipment ­
Electromagnetic disturbance characteristics - Lim its and methods of measurement
Amendment 1 (1999)

3
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2 Definitions

For the purposes of this part of IEC 60947 the def initions of IEC 60947-1 and the following
additions apply :

Alphabetical index of definit ions References

A
Actuating quant ity 2.4 .2.1
Adjustable delay (of a contact element) 2.4 .1 .4

B
Biased posit ion 2.4.3.4
Bounce time 2.4 .4 .10
Break-contact elemen t (no rmally closed) 2.3 .3 .4
Button 2 .3.4

C
Change-over contact elements 2.3 .3.5
'::ontact element (of a control switch) 2.3.3
Contact unit 2.3.3 .10
Control circu it device 2.1.1
Contro lstation 2.1.4
Control switch 2.1.2
Control switch suitable for isolati on 2.1.3
Covered push-button 2.2.2.11

D
d-delay (of a contact element) 2.4 .1 .2
Definite position (ebbreviation : posit ion) (of a rotary switch) 2.4.3.1
Delayed action push-button 2.2.2.9
Dependent action contact element 2.3.3 .9
Differential value 2.4 .2.4
Direct drive 2.4.4.3
Double gap contact element 2.3 .3 .2

E
e-delay (of a contact element) 2.4.1 .1
Elect rically separated contact elements 2.3.3.7
End stop 2.3.6
Extended button 2.3.4.3

F
Fixed delay (of a contact element) 2.4.1 .3

~~:~~~~!~~~~~~~i) : : : : · : · : · : : : :· : : : : : : : :: : : : : : : : : : : : : : :: : : : : . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: :: : : : : : :: : : : : : ~2~3~~i
G

Guided push-button 2.2.2.14

I
Illuminated push-button 2.2.2 .10
Independent (snap) action contact element 2.3.3 .8
Instantaneous contactor relay 2.2.1 .1
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J
Joy st ick ..

K
Key-operated push-button .
Key-operated rotary switch

L
Latched pos ition ... . .
Latched push-button .
Limited drive .
Limited movement rotary switch .
Locating mechanism (of a rotary switch) .
Locked position .
Locked push-button. .. ... ..

M
Make-contact element .. .. .
Minimum actuating force (or moment) .
Minimum starting force (or moment) .. .. .
Mushroom button .

. 2.2 2 19

2.227
222 16

. 2 4 3 5
.2 2 2 5
2445

. .2 2 2.17
. ...235
.. 2436

2.226

2333
... .2.447

2.446
..2.3.44

o
Operating diagram 2437
Operating value .. 24.22
Over -travel of the actuator .. 2.4.42
Over-travel of the contact element .. 2.449

P
Pilot switches .. 2.21
Position of rest .. ' . .24.32
Position switch 2 2 1 3
Positive drive 2.4.4 4
Pre-travel of the actuator . ..2 4 4.1
Pre-travel of the contact element 2.44 .8
Programmer 2.2.1.4
Pull -button 2222
Pulse (fleeting) contact element ...2.3.3.6
Push-button 2.2.2 1
Push-pull button 22.2.3

R
Recessed button ...2.3.42
Return value 2.4.23
Rotary control switch ' " 2 2 2 15
Rotary button (se lector switch) .. 2.2.24

S
Semiconductor element 2.3.2
Shrouded push -button .. 2.2.2 .12
Single gap contact element .. 2.3.31
SWitching element 2.3.1

T
Time-delay contactor relay .
Time-delay push-button .
Transit position .

..... ...22.12
.. .... 2.2.28

. 2.4.33
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U
Unidirectional movement rotary switch

Wobble stick ..

2.1 Basic defin itions

W

2.2.218

22.2.20

2.1.1
control circuit device
an electrical device intended for the controlling, signalling, interlocking, etc., of switchgear
and control gear

NOTE Control circuit devices may include associated devices dealt with in other standards, such as instruments,
potentiometers, relays, in so far as associated devices are used for the purposes specified above.

2.1.2
control switch (for control and auxiliary circuits)
a mechanical sWitching device which serves the purpose of controlling the operation of
switchgear or controlgear, including signalling, electrical interlocking, etc.

NOTE 1 A control switch consists of one or more contact elements with a common actuating system.

NOTE 2 This definition differs from lEV 441-14-46 since a control switch may include semiconductor elements or
contact elements (see 2.3.2 and 2.3.3).

2.1.3
control switch suitable for isolation
a control switch which, in the open position, complies with the requirements specified for the
isolating function (see 21.19 and 72.31 b) of lEe 60947-1)

NOTE Such control switches are intended to provide a higher degree of safety to personnel when working on the
equipment controlled. For this reason, they have to be manually actuated relying on the intelligence of instructed
persons to react in case they would fail to operate, e.g. in case of insufficiently opened contacts.

2.1.4
control station
an assembly of one or more control switches fixed on the same panel or located in the same
enclosure

[lEV 441-12-08]

NOTE A control station panel or enclosure may also contain related equipment, e.g. potentiometers, signal lamps,
Instruments, etc.

2.2 Control switches

2.2.1
automatic control switches

NOTE Automatic control switches are operated by automatic control (see 2.4.5 of IEC 60947-1). They are also
designated as pilot SWitCheS (see 2218 of IEC 60947-1).

5
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2.2.1.1
instantaneous contactor relay
a contactor relay operating without any intenti onal time delay

[lEV 441 -14 -36)

NOTE Unless otherwise stated . a contactor relay is an instantaneous contactor relay .

2.2.1.2
time-delay contactor relay
a contactor relay with specified time-delay cha racteristics

[lEV 441 -14 -37)

NOTE 1 The lime-dela y may be associated with energizalion (e-del ay) or with de -energizalion (d· delay ) or both

NOTE 2 A time -delay contactor relay may also incorpo rate Instantaneous contact elements

2.2.1.3
position switch
A pilot switch the actuating system of which IS operated by a moving part of the machine ,
when this part reaches a predetermined position

[lEV 441-14-49)

2.2.1.4
programmer
a control switch having a multipl icity of ~witching elements which . after initi ation, operates in a
defined sequence

2.2.2
manually operated control switches

NbTE Manually operated control sw itches are ope rated by manua l control (see 2.44 of lEG 60947-1 )

2.2.2.1
push-button
a control switch having an actuator intended to be ope rated by force exerted by a part of the
human body, usually the finger or palm of the hand, and hav ing stored energy (spring) re turn

[lEV 441-14-53)

2.2.2.2
pull-button
a control switch having an actuator intended to be operated by manual pull, and having stored
energy (spring) return

2.2.2.3
push-pull button
a control switch having an actuator intended to be operated by manual push and returned to
its initi al pos it ion by manual pull , or vice versa

NOTE There are also «push-push. or «push.turn. or other combinallons of buttons .

2.2.2.4
rotary button (e .g.: selector switch)
a combination of push-button type sw itch inq elements hav ing an actuator operated by a
manual rotation (see also 2.2.2 .15 to 2.2218 Incl usi ve)

NOTE A rotary push-button may ha ve more than two pos itio ns ; it mayor may not have a sprong re turn
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2.2.2.5
latched push-button
a push-button with spring return , but which remains in the actuated position until a latc h is
released by a separate action

NOTE The latching may be released by subsequent actuation (such as pushing , turning, etc. ) of the same or of an
adjacent push-button or by the action of an electromagnet. etc.

2.2.2.6
locked push-button
a push-button wh ich may be secured in one or more of its pos it ions by a separate action

NOTE The lock ing may be obtained by turn ing the button , by turn ing a key . by operat ing a lever , etc .

2.2.2.7
key-operated push-button
a push-button which can only be operated as long as a key rema ins inserted

NOTE Key withdrawal may be provided at any position .

2.2.2.8
time-delay push-button
a push-button the contacts of wh ich return to the initial pos ition only after a pre-determined
interval of time following the release of the actuating force

2.2.2.9
delayed action push-button
a push-button in which the switching operation does not occur until after the force on the
button has been mainta ined for a pre-determined interval of time

2.2.2.10
illuminated push-button
a push-button incorporating a signall ing lamp in the button

2.2.2.11
covered push-button
a push -button in which the button is protected against inadvertent operation by a lid or a
cover

2.2.2.12
shrouded push-button
a push button in which the button is protected against inadvertent operation in certain
directions

2.2.2.13
free push-button
a push-button in which the rotation of the actuator around its axis is not limited

2.2 .2 .14
gu ided push-button
a push-button in wh ich the rotation of the actuator around its ax is is prevented

NOTE E, amples of gUided pu sh-buttons . the actuators of which are keyed, squ are or rectangular . etc

2.2 .2 .15
rotary control switch (abbreviat ion : rotary switch]
a con trol SWitch havinq an actuator Intended to be operated by rotation
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2.2 .2 .16
key-operated rotary switch
a rotary switch where a key is used as the actuator

NOTE Key withdrawal may be provided at any pos ition

2.2.2.17
limited movement rotary switch
a rotary switch with a restricted angular movement of Its actuator

2.2.2.18
unidirectional movement rotary switch
a rotary switch in wh ich the actuating system allows rotat ion In one direction only

2.2.2.19
joy stick
a control switch having an actuator consisting of a pin or st ick projecting essentially at a right
angle from the panel or enclosure when in one of its positions and intended to be operated by
angular displacement

NOTE 1 A joy stick may have more than two positions associated with different directions of the displacement or
the st ick and ope rat ing the contact elements differently: such a joy stick is referred to as a joy stick selector

NOTE 2 The pin or st ic k mayor may not have a sprtng return .

2.2 .2.20
wobble stick
a joy stick which operates all contact elements alike. whatever be the direction of the
displacement

2.2 .2.21
foot switch (pedal)
a control switch having an actuator intended to be operated by force exerted by a foot

[lEV 441-14-52 modified]

2.3 Parts of control switches

2.3 .1
switching element
a switch ing element may be a semiconductor element (see 2.3 .2) or a contact element
(see 2.3 .3)

2.3.2
semiconductor element
an element designed to switch the current of an electric circuit by means of the controlled
conductivity of a semiconductor

2.3.3
contact element (of a control switch)
the parts . fixed and movable, conducting and insulating. of a control switch necessary to close
and open one single conducting path of a circuit

NOTE 1 The contact element and the actuating system may form an ind ivisible unit , but frequently one or more
contact elements may be combined with one or more actuating system or systems The actuating systems may be

different.

NOTE 2 Definitions relat ing to various kinds of contact elements are given in 2.3 .31 to 2.3 3 10 mclus rve

NOTE 3 This definition does not include control coils and magnet systems.

9
 



ISIIEC 60947-5-1 : 2003

The following definitions refer to a single contact element of a control sw itch :

2.3.3.1
single gap contact element (see Figures 4 a) and 4 c)
a contact element which opens or closes the conducting path of its circuit on one location only

2.3.3.2
double gap contact element (see Figures 4 b) , 4 d) and 4 e)
a contact element which opens or closes the conducting path of its circu it in two locations in
series

2.3.3.3
make-contact element (normally open)
a contact element which closes a conducting path when the control sw itch is actuated

2.3.3.4
break-contact element (normally closed)
a contact element which opens a conducting path when the control switch is actuated

2.3.3.5
change-over contact elements (see Figu res 4 c), 4 d) and 4 e)
a contact element combination which includes one make-contact element and one break­
contact element

2.3.3.6
pulse (fleeting) contact element
a contact element which opens or closes a circuit for a part of the travel during the transition
of the actuator from one position to another

2.3.3.7
electrically separated contact elements
contact elements belonging to the same control switch, but adequately insulated from each
other so that they can be connected into electrically separated circuits

[lEV 441-15-24]

2.3.3.8
independent (snap) action contact element
a contact element of a manual or automatic control dev ice in which the velocity of contact
motion is substantially independent of the velocity of motion of the actuator

2.3.3.9
dependent action contact element
a contact element of a manual or automatic control dev ice in which the velocity of contact
motion depends on the velocity of motion of the actuator

2.3.3.10
contact unit
a contact element or contact element comb ination which can be combined with similar units
operated by a common actuating system
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2.3.4
button
the external end of the actuator of a push-button, to which the actuating force IS applied

2.3.4.1
flush-button
a button which is substantially level with the adjacent fixed surrounding surface when In Its
initial position and is below this surface when it is operated

2.3.4.2
recessed button
a button which is below the adjacent fixed surrounding surface in both its initial and operated
positions

2.3.4.3
extended button
a button which protrudes above the adjacent fixed surrounding surface both In Its Initial
position and in its operated position

2.3.4.4
mushroom button
a button, the protruding end of which has an enlarged diameter

2.3.5
locating mechanism (of a rotary switch)
that part of the actuating system which retains the actuator and/or the contact elements In
their positions

2.3.6
end stop
a device that limits the travel of a moving part

NOTE An end stop may relate either to the actuator or to the contact element.

2.4 Operation of control switches

2.4.1 Operation of contactor relays

2.4.1.1
e-delay (of a contact element)
a delay in the operation of a contact element of a contactor relay, following the energization of
the coil of the electromagnet of this contactor relay

Example: delay to close make-contacts (ON delay).

2.4.1.2
d-delay (of a contact element)
a delay in the operation of a contact element of a contactor relay, following the de­
energization of the coil of the electromagnet of this contactor relay

Example: delay to open make-contacts (OFF delay)

Note for 2.4.1.1 and 2.4.1.2 - The terms 'e-delay" and ·d-delay· may be applied to any kind of contact elements
(see 2.3.3).
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2.4.1.3
fixed delay (of a contact element)
a delay in the operation of a contact element of a contactor relay, which is not intended to be
adjusted in value

2.4.1.4
adjustable delay (of a contact element)
a delay in the operation of a contact element of a contactor relay. which is intended to be
adjusted to different values after the installation of the contactor relay

2.4.2 Operation of pilot switches

2.4.2.1
actuating quantIty
the physical quantity. the value of which is decisive for the actuation or non-actuation of a
pilot switch

2.4.2.2
operating value
the value of the actuating quantity which is sufficient to cause a pilot switch to be actuated

2.4,2.3
return value
the value of the actuating quantity which has to be re-established in order to cause an
actuated pilot switch to return to its position of rest

2.4.2.4
differential value
the difference between the operating value and the return value

2.4.3 Operation of rotary switches

2.4.3.1
definite position (abbreviation: position) (of a rotary switch)
a position into which the locating mechanism pulls the rotary switch and retains it as long as
the actuating moment does not exceed a certain value

2.4.3.2
position of rest
a stable (definite) position into which the locating mechanism tends to move back and retain
the rotary switch by stored energy

2.4.3.3
transit position
a (definite) position In which the locating mechanism produces an intended marked change in
the operating moment, but in which the actuator cannot remain by itself

2.4.3.4
biased position
a (definite) position of a rotary switch in which the actuator is pulled against a stop from which
It will return to a position of rest by means of stored energy (for example, by means of a
spring)

NOTE DUring the transfer from a biased position to the adjacent position of rest, the rotary switch may pass
through one or more transit po s.nons
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2.4.3.5
latched position
a biased position in which the return mechanism is held by a latching arrangement

NOTE The latching arrangement may be released manually or otherwise ,

2.4.3.6
locked position
a (definite) position in which a rotary switch is secured by separate action

NOTE The locking may be obta ined by turning 8 key . operating a lever. etc ,

2.4.3. '7
operating diagram
the representation of the intended order in which the contact elements of a rotary switch
operate as a result of actuation

2.4.4 Operation of mechanically operated control switches

2.4.4.1
pre-travel of the actuator (d imension a on Figure 2)
the maximum travel of the actuator which causes no travel of the contact elements

2.4.4.2
over-travel of the actuator
the travel of the actuator after all the contacts have reached their closed (open) pos ition

2.4.4.3
direct drive
a connection between actuator and contact element that excludes any pre-travel of the
actuator

2.4.4.4
positive drive
a connection between actuator and contact element such that the force applied to the actuator
is directly transmitted to the contact element

2.4.4.5
limited drive
a connect ion between actuator and contact element that limits the force transmitted to the
contact element

2.4 .4.6
minimum starting force (or moment)
the smallest value of force (or moment) initiating the pre-travel of the actuator

2.4.4.7
minimum actuating force (or moment)
the minimum value of the force (or moment) to be applied to the actuator that will cause all
contacts to reach their closed (open) position

2.4.4.8
pre-travel of the contact element (dimension b on Figure 2)
the relative movement which occurs within the contact element before the contacts make
(break)
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2.4.4.9
ever-travel of the contact element (dimension d on Figure 2)
the relative movement which occurs within the contact element after the contacts have
reached the make (break) position

2.4.4.10
bounce time
for a contact which is closing (opening) its circuit, the time interval between the instant when
the contact circu it first closes (opens) and the instant when the circuit is finally closed
(opened)

[lEV 446-17-13]

3 Classification

3.1 Contact elements

Contact elements may be classified as follows :

a) Utilization categories (see 4.4) .

b) Electrical ratings based on utilization categories (see Annex A) .

c) One of the following form letters (see Figure 4):

1) Form A - Single gap make-contact element;

2) Form B - Single gap break-contact element;

3) Form C - Single gap make-break three terminal change-over contact element;

4) Form X - Double gap make-contact element;

5) Form Y - Double gap break-contact element;

6) Form Z - Double gap make -break four terminal change-over contact element.

d) Other types not included in c) .

NOTE 1 Regarding Figure 4e) . the two moving contact elements are electrically separated (see 2 .3 .3 .7) .

NOTE 2 Distinction is made between make before break (overlap) change-over contact elements where the two
circuits are both closed for a part of the travel of the moving contacts from one pos ition to the other , and break
before make (non -overlap) change-over contact elements where the two circuits are both open for a part of the
travel of the moving contacts from one pos ition to the other. Unless otherwise stated . change-over contact
elements are break before make .

3.2 Control switches

Contro l switches may be classified according to the contact element and the nature of the
actuating system, e.g . push-buttons , form X.

3.3 Control circuit devices

Control circuit dev ices may be classified according to the control switch and the associated
control circu it equipment, e.g . push-buttons plus indicator lights.

3.4 Time delay sWitching elements

Distinction IS made according to how the time delay of a switch ing element is achieved, e.g.
electrical delay . magnetic delay, mechanical delay, or pneumatic delay.
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3.5 Control switch mounting

The control switch mounting may be class ified by the mounting hole size , eg 012,016,022 ,
030 (see 6.3.1) .

4 Characteristics

4.1 Summary of characteristics

The characteristics of control circuit devices and SWitching elements should be stated In the
following terms , where such terms are applicable

- type of equipment (see 4.2) ;

- rated and limiting values for sw itch ing elements (see 4.3):

- utilization categories of switch ing elements (see 4.4).

- normal and abnormal load characteristics (see 435);

- switching overvoltages (see 4.9) .

4.1.1 Operation of a control switch

The princ ipal appl ication of a control switch is the switch ing of loads as indicated for the
various utilization categories in Table 1.

Other appl ications , e.g . the switch inq of tungsten filament lamps , small motors, etc ., are not
dealt with in deta il in this standard, but are ment ioned in 4.3.5.2.

4.1.1 .1 Normal conditions of use

The normal use of a control switch is to close, maintain and open circuits in accordance with
the utilization category shown in Table 1. Also refer to Table 4.

4.1.1.2 Abnormal conditions of use

Abnormal conditions may arise , for example, when an electromagnet, although energized, has
failed to close. Refer to Table 5.

A control switch shall be able to break the current corresponding to such conditions of use .

4.2 Type of control circuit device or switching element

The following shall be stated:

4.2.1 Kind of control circuit device

- manual control switches, e.g. push-buttons, rotary switches , foot switches, etc .;

- electromagnetically operated control switches, either time delayed or instantaneous, e g
contactor relays;

- pilot switches, e.g . pressure switches, temperature sens itive sw itches (thermostats) ,
programmers , etc .;

- pos ition switches;

- associated control equ ipment, e.g. indicator lights, etc .
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".2.2 Kind of switching elements

_ auxiliary contacts of a switching device (e.g. contactor , circuit breaker, etc.) which are not
dedicated exclusively for use with the coil of that device;

_ interlocking contacts of enclosure doors ;

control circu it contacts of rotary switches;

control circuit contacts of overload relays.

".2.3 Number of poles

4,2.4 Kind of current

Alternating current or direct cur rent.

4.2.5 Interrupting medium

Air, oil, gas, vacuum, etc.

4.2.6 Operating conditions

4.2.6.1 Method of operation

Manual, electromagnetic, pneumatic, electro-pneumatic.

4.2.6.2 Method of control

automatic ;

non-automatic;

- semi-automatic .

".3 Rated and limiting values for switching elements

The rated values established for the switching elements of a control circuit device shall be
stated in accordance with 4.3.1 to 4.3.5 inclusive but it is not necessary to specify all the
values listed.

" .3.1 Rated voltages (of a SWitching element)

A switching element is defined by the following rated voltages :

".3.1.1 Rated operational voltage (Ue)

Subclause 4.3 .1.1 of IEC 60947-1 applies with the following additions:

For three-phase circu its, Ue is stated as r.m.s. voltage between phases.

NOTE 1 A swi1ching elements may be assigned a number 01 combinations 01 rated operational Yoltage and rated
operational current .

NOlE 2 Control swi1ches dealt wi1h in this standard are not normally intended to be used at very low Yoltages and
they may not be suitable for such a service. It is therelore recommended to seek the advice of the manulacturer
concerning any applica tion with a low value 01operational Yoltage . e.g. below 100 V a.c. or d.c.

4.3.1 .2 Rated insulation voltage (U i )

Subclause 43 12 of IEC 60947-1 applies .
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4.3.1.3 Rated impulse withstand voltage (U
imp

)

Subclause 4.3 .1.3 of IEC 60947-1 applies .

4.3.2 Currents

A switching element is characterized by the following currents :

4.3.2.1 Conventional free air thermal current (/
th

)

Subclause 4.3 .21 of IEC 60947-1 applies.

4.3.2.2 Conventional enclosed thermal current (lthe)

Subclause 4.3 .2.2 of IEC 60947-1 applies .

4.3.2.3 Rated operational current (Ie)

The first paragraph of 43.23 of IEC 60947-1 applies .

4.3.3 Rated frequency

Subclause 4.3.3 of IEC 60947-1 applies .

4.3.4 Vacant

4.3.5 Normal and abnormal load characteristics

4.3.5.1 Rated making and breaking capacities and behaviour of SWitching elements
under normal conditions

A switching element shall comply with both requirements given in Table 4 corresponding to
the assigned utilization category and the requirements according to the rated operational
voltage.

NOTE 1 For a switching element to which a utilization category is assigned. it is not necessary to specify
separately a making and breaking capac ity .

NOTE 2 A switching element used for the SWitching 0' small motors and tungsten filament lamp loads shall be
ass igned a utilization category given in lEe 60947·4-1 and comply with the appropriate corresponding
requ irements in that publication .

4.3 .5.2 Making and breaking capacities under abnormal conditions

A switching element shall comply with the requirements given in Table 5 corresponding to the
assigned utilization category.

NOTE An example of an abnormal condition of use is one where the electromagnet does not operate and the
switch ing elements have to interrupt the mak ing current.

4.3.6 Short-circuit characteristics

4.3.6.1 Rated conditional short-circuit current

Subclause 4.3 .6.4 of IEC 60947-1 applies .
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4.4 Utilization categories for switching elements

The utilization categories as given in Table 1 are considered standard. Any other types. of
plication shall be based on agreement between manufacturer and user, but information

~fven in the manufacturer's catalogue or tender may constitute such an agreement.

Table 1 - Utilization categories for sWitching elements

Kind of current Category Typical applications

Alternating current AC-12 Control of resi st ive loads and solid state loads with
isolation by optocouplers

AC-13 Control of sol id stale loads with tra nsformer isolati on

AC-14 Control of small electromagnetic loads (<;72 VA)

AC-15 Control of electromagnetic loads (>72 VA )

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

DC-13 Control of electromagnets

DC-14 Control of electromagnetic loads haVing economy
res istors in circuit

4.5 Vacant

4.6 Vacant

4.7 Vacant

4.8 Vacant

4.9 SWitching overvoltages

Subclause 4.9 of lEe 60947-1 applies .

4.10 Electrically separated contact elements

The manufacturer shall state whether the contact elements of a control circuit device are
electrically separated or not (see 2.3.3.7) .

4.11 Actuating quantities for pilot sWitches

The operating value and return value of the actuating quantity are to be determined on
uniform rising values and normal fall ing values of the actuating quantity. Unless otherwise
stated. the rate of change shall be regular and such that the operating (or return) value is
reached in not less than 10 s.

The operating value and the return value may both be fixed values, or one of them or both
may be adjustable (or the differential value may be adjustable).

Where appropriate, the mCWlufacturer shall indicate a withstand value either a maximum value
higher than the highest sett ing of the operating value or a minimum value lower than the
lowest sett ing of the return value . A withstand value implies no damage to the pilot switch or
no change In its characteristics.
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4.12 Pilot switches having two or more contact elements

Pilot sw itches having two or more contact elements which are not individually adjustable may
have different operating and return values for each contact elem ent.

A pilot switch having two or more contact elements which are individually adjusted IS

considered as a com bination of pilot switches .

5 Product information

5.1 Nature of information

The following inform ation shall be given by the manufacturer:

Identification

a) The manufacturer's name or trade mark .

b) A type designation or serial number that makes It possible to get the relevant mtorrnanon
concerning the switching element (or the entire control switch) from the manufacturer or
from his catalogue or by selection from Annex A

c) IEC 60947-5-1 if the manufacturer claims compliance with this standard .

Basic rated values and utilization

d) Rated operational voltages (see 4.3.1.1) .

e) Ut ilization category and rated operational currents at the rated operational voltages of the
control circuit device.

f) Rated insulation voltage (see 4.3.1 .2) .

g) Rated impulse withstand voltage (see 4.3.1 .3), when determined.

h) Switching overvoltage, if applicable (see 4.9).

i) IP code, in case of an enclosed control circuit device (see 5.1 and Annex C of IEC 60947-1)

j) POllut ion degree (see 6.1 .3.2) .

k) Type and maximum ratings of short-circuit protective device (see 83.4 .3) .

I) Conditional short-circuit current if less than 1 000 A

m) Suitability for isolation, where applicable, with the symbol 07-13-06 of IEC 60617-7

n) Indication of contact elements of same polarity .

5.2 Marking

5.2 .1 General

Marking of data under a) and b) of 5.1 is mandatory on the nameplate of the control circuit
device in order to permit the complete information to be obtained from the manufacturer

Marking shall be indelible and eas ily leg ible, and shall not be placed on screws and
removable washers:

Whenever space permits, data under c) to n) shall be included on the nameplate, or on the
control circuit device or otherwise in the manufacturer's published literature.
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5.2.2 Terminal identification and marking

Subclause 7.1.7 .4 of IEC 60947-1 applies.

5.2.3 Functional markings

Actuators may be identified by symbols in the form of engravings. If a stop-button carries any
symbol engraved or marked on the actuator, then this symbol shall be a circle or an oval
(signifying the value zero). The symbols circle or oval shall be used for stop-buttons only .

Letters or words may be used where the space available is sufficient to ensure a clear
identification. In all other cases, identification markings shall be placed on permanent labels
surround ing each actuator or closely adjacent to it.

5.2.4 Emergency stop

Control switch actuators intended to be used as "stop" control for emergency use shall be
coloured red and, in the case of a push-button, be of mushroom shape.

5.2.5 Operating diagram

As rotary switches may have a mult iplicity of contact elements and a muttipl icity of actuator
positions, it is necessary that the manufacturer indicates the relationsh ip between the
actuator positions and the assoc iated contact element positions .

It is recommended that the relationship be given in the, form of an operating diagram ,
examples of which are shown in Figure 1 together with explanatory notes.

5.2.5.1 Position indication

The position indication shall be clear, and the associated text or symbols shall be indelible
and easily legible.

5.2.5.2 Terminal markings for operating diagrams

Terminal markings shall be clearly identifiable with respect to the operating diagram.

5.2.6 Time delay markings

For time-delay contactor relays, the markings shall include the value of the time delay in the
case of a fixed delay and the range of time delay in the case of an adjustable delay.

In the . case of more than one time-delay contact element, the relative delay between the
operation of each contact element and the following one may be indicated for contact
elements that follow the first delay .

If tw~ or more .contact elements have adjustable delays, it shall be indicated whether they are
individually adjustable or not.

The manufacturer shall indicate, for each time-delay contact element the characteristics of
the delay , according to 2.4.1.1 or 2.4.1.2 . '
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5.3 Instructions for installation, operation and maintenance

Subclause 53 of IEC 60947-1 applies.

5.4 Additional information

Additional information necessary for certain types of control circuit devices shall appear
according to the relevant rules of the appropriate Annexes J and K

Such add itional information shall be supplied by the manufacturer and may be in the form of a
wiring diagram or in the instruction sheet supplied with the control circuit device .

6 Normal service, mounting and transport conditions

Clause 6 of IEC 60947-1 applies with the following additions :

6.1.3.2 Pollution degree

Unless otherwise stated by the manufacturer, a control circuit device is intended for Instal­
lation under environmental conditions of pollution degree 3. However, other pollution deg rees
may apply, depending upon the micro-environment.

6.3.1 Mounting of single hole mounted devices

The single hole mounted push-buttons and indicator lights are located in a circular hole of the
panel , which may have a rectangular recess for a key .

The dimensions are indicated in Table 2:

d

Table 2 - Mounting hole diameter and
dimensions of the key recess (if any)

Mounting hole Key recess (if any)
Taille diameter, d Height, h Width, b

mm mm mm

030 305 +0,5 330 +0,5 48 +0.2
. 0 ' 0 ' 0

022 22,3 ~.4 241 +0.4 32+0·2, 0 ' 0

016 162 +0.2 179 +0,2 \7 ~,2, 0 ' 0

012 12,1 +8,2 138 +0.2 t7 ~,2. 0

6.3.1.1 Location of the key recess (if any)

The standardized position of the key is in the up position (12 o'clock) and associated with the
b dimension in Table 3.
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6.3.1.2 Range of panel thickness

The device, with or without the sealing gasket indicated by the manufacturer, shall be capable
of being mounted on any thickness of panel between 1 mm and 6 mm , If necessary by the use
of packing piece(s) supplied for the purpose.

NOTE The sealing gasket is not standardized.

6.3.1.3 Grouping of devices

When a number of devices of the sizes given in 6.3 .1 are mounted in rows on a panel , the
distances a between the mounting centres in the same row and b between the centre lines of
the rows shall be not less than those given in Table 3, unless otherwise stated by the
manufacturer.

Table 3 - Preferred minimum distances
between centres of mounting holes

Size a b
mm mm

030 50 65

022 30 50

016 25 25

012 20 20

Distances a and b may be interchanged.

These values are intended to guide development; however, when it is intended to mount
devices of different manufacture, the user shall establish the com patibility of the dev ices and
ensure the clearances and creepage distances are maintained when the devices are installed
and connected.

NOTE Depending on design details, connections, labels , etc ., some devices may be capable of being mounted at
distances less than those given in Table 3 in accordance with the ind icat ion of the manufacturer of the devices . On
the other hand . certa in types of devices may require distances greater than those given in Table 3.

7 Constructional and performance requirements

7.1 Constructional requirements

Subclause 7.1 of lEe 60947-1 applies except for 7.1.1 , 7.1 .2,7.1.6,7.1 .8 and 7.1 .12, and
with the following additions:

7.1.1 Materials

Mater ials 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 res ist ing qualities , and to the necessity
to protect certain insulating matenals against humidity.

NOTE Requ irements are under consideration .
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7.1.2 Current-carrying parts and their connections

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

For electrica l connections, no contact pressure shall be transmitted through insu lating
mater ial 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 shnnkaqe or
yielding of the insulation material.

7.1 .3 Clearances and creepage distances

For control switches for which the manufacturer has dec lared a value of rated impulse with­
stand voltage (Uimp), minimum values are given in Tables 13 and 15 of IEC 60947-1

Control switches for which the manufacturer has not declared a value of Uimp' shall have
clearances and creepage distances in accordance with Annex 0

7.1.4.3 Actuating force (or moment)

The force (or moment) required to operate the actuator shall be compatible with the intended
application, taking into account the size of the actuator, the type of enclosure or panel, the
environment of the installation and the use for which it is intended.

The minimum starting 'force (or moment) shall be sUfficiently large to prevent inadvertent
operation; e.g . push-buttons and rotary switches to be used with enclosures complying with
degrees of protection IPX5 or IPX6 shall not become actuated when hit by the Jet of water
applied during the test of the enclosed equipment.

7.1.4:4 Limitation of rotation (of a rotary switch)

When actuators with limited or unidirectional movement are used, they shall be fitted with
robust means of limitation , capable of withstanding five t imes the actual max imum actuating
moment.

7.1.4.5 Emergency stop

The actuator shall preferably latch in the actuated position with the control contact open . This
latching shall be released by a separate action, e.g. by pUlling, rotation, or by means of a key

NOTE Additional requ irements for emergency stop devices are given in lEe 60947-5-5 .

7.1.6 Conditions for control switches suitable for isolation

A control switch suitable for isolation shall be manually operated with a pos itive opening
operation (see Annex K) and shall comply with the isolating funct ion in the open position (see
2.1.19 and 7.1.6 of IEC 60947-1) .

The open position of a control switch suitable for isolation shall be a posit ion in which the
switch can remain when no actuating force is applied.
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In order to avoid unintentional reclosing, it shall be poss ible to preven~ the operation o~ .the
control switches suitable for isolation when the contact elements are In the open pos ltl~n .
This may be obtained by padlocking or by a latch which shall only be releasable by a special

tool or key.

7.1.7 Class" control circuit devices

These devices shall not be provided with means for protective earthing (see IEC 61140) .

For class II control circuit devices insulated by encapsulation , see Annex F.

7.1.8 Requirements for control devices wUh integrally connected cables

See Annex G.

7.2 Performance requirements

Subclauses 7.2.1 .1 and 7.2 .2 of lEe 60947-1 apply with the following additions :

7.2.1.2 Limits of operation of contactor relays

The limits of operation for contactor relays shall be in accordance with IEC 60947-4-1.

7.2.3 Dielectric properties

Subclause 7.2.3 of IEC 60947 -1 applies with the following addition.

For Class II control circuit devices insulated by encapsulation, see Annex F.

1.2." Ability to make and break under normal and abnormal load conditions

1.2....1 Making and breaking capacities

a) Making and breaking capacitias under normal conditions

The switching elements shall be capable of making and breaking currents without failure
under the conditions stated in Table 4, for the required utilization categories and the
number of operating cycles indicated, under the conditions specified in 8.3.3.5.2 .

During this test the overvoltages generated shall not exceed the impulse withstand voltage
values stated by the manufacturer (see 7.2.6).

b) Making and breaking capacities under abnormal conditions

The switching elements shall be capable of making and breaking currents without failure
under the conditions stated in Table 5, for the required utilization categories and the
number of operating cycles spec ified in Table 5.

7.2....2 Vacant
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7.2.4.3 Du rability

Subc lause 7.2.4 .3 of IEC 60947-1 applies with the following addit ions :

a) Mechanical durabifity

The mechanical durability of a control circuit device is verified, when needed, by a spec ial
test conducted at the discretion of the manufacturer. Instructions for conducting this test
are given in Annex C.

b) Electrical durability

The electrical durabil ity of a control circu it device is verified, when needed, by a spec ial
tes t conducted at the discretion of the manufacturer. Instructions for conduct ing this test
are given in Annex C.

7.2.5 Conditional short-circuit current

The switching element shall withstand the stresses resulting from short-circuit currents under
the conditions specified in 8.3.4.

7.2.6 SWitching overvoltage

Subclause 7.2.6 of IEC 60947-1 applies.

7.2.7 Additional requirements for control switches suitable for isolation

Control switches suitable for isolation shall be tested according to 8.3.3.4 of IEC 60947-1 with
a value of test voltage as specified in Table 14 of IEC 60947-1 corresponding to the rated
impulse withstand voltage Uimp declared by the manufacturer.

Other add it ional requirements appl icable to such control switches are under consideration .

7.3 Electromagnetic compatibility (EMC)

Subclause 7.3 of IEC 60947-1 appl ies unless otherwise specified in this standard.
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Table 4 - Verification of making and brea~ing capaciti.e.s o~ switching ~Ie~ents

under normal conditions corresponding to the utilization categories)

Table 4a Table 4b

Make2) Break2)
MinimumUtilization
on-timecategory

III. UIU. III. UIU.

AC cos ~
Cycles

cos ~ [at 50 Hz
or 60 Hz)

AC- 12 1 1 0,9 1 1 0,9 2

AC-13 2 1 0,65 1 1 0,65 23 )

AC-14 6 1 0,3 1 1 0,3 23)

AC-15 10 I 0,3 1 1 0,3 23 )

To,95 TO,95 Time
DC

ms ms ms

DC-12 1 1 1 1 1 1 25

DC·13 1 1 6 xP6) I 1 6 xP6) TO.95

DC·14 10 1 15 1 1 15 253 )

Sequence, number and
rate of operations

Order7) Number Rate
per minute

1 50 4) 6

2 10 RapidlyO)

3 990 60

4 5000 6

I. Rated operational current

U. Rated operational voltage

p. U. x I. Steady-state power consumption, in W

Current to be made or broken

U Voltage before make

TO•95 Time to reach 95 % of the steady-state cu rrent

1) See 8.3.3.5 .2.

2) For tolerances on test quantities , see 8.3.2 .2 .

3 ) Both on-t ime values (for Imake and for Ibreak) shall be at least equal to 2 cycles (or 25 ms for DC-14) .

4 ) The first 50 operaling cycles shall be made with the test voltage raised to U. x 1,1, the test current Ie having
been first set with the voltage at U•.

5) As rapidly as possible whilst ensuring complete clos ing and opening of contacts .

6 ) The value ·6 x po results from an emp ir ical relat ionship which is found to represent most d .c . magnetic loads
to an upper limit of P ~ 50 W, i.e . 6 x P ~ 300 ms . Loads having power consumption greater than 50 Ware
essumed to consist of smaller loads in parallel.
Therefore. 300 ms is to be an upper value , irrespective of the power.

7 ) For all util ization categories the test sequence shall be in the order given.
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Table 5 - Verification of ~~king and breaking capacities of sw itching elements
under abnormal conditions correspond ing to the utilization categories I)

Make2 ) Break2)
Mak ing and

Utilization Minimum
breaking operation

category on -time
1/1. U/U . 1/1. UIU . Number Rate

per minute

AC cos qJ cos qJ
Cycles (at 50 Hz

or 60 Hz)

AC-12 - - - - - - - - -
AC-133 ) 10 1,1 0,65 1,1 1,1 0,65 24 ) 10 6

AC-14 6 1,1 0,7 6 1,1 0.7 2 10 6

AC -15 10 1,1 0,3 10 1,1 0.3 2 10 6

DC TO,85 To.85 Ti me

ms ms ms

DC-12

DC-133 ) 1,1 1,1 6 x P 5) 1,1 1.1 6 x P 5) TO.95 10 6

DC-14 10 1,1 15 10 1.1 15 254 ) 10 6

I. Rated ope rat ional cu rrent I Curren t to be made or broken

U. Rated operational vo ltage U Voltage before make

p = U. x I. Steady-state powe r consumption, in W TO.95 Time to reach 95 'l(, of the steady· stat e current

1) The abnorma l cond it ion is to simulate a blocked open electromagnet . See 8.3.3 .5.3 .

2 ) For tolerances on test quantit ies , see 8.3 .2.2.

3 ) Fo r semiconductor SWitch ing devices an overload protec tive dev ice specified by the man ufacturer shoul d be
used to ver ify the abnorma l conditions.

4) Bot h on-t ime values (for Ima ke and for Ibreak) shall be at lea st equal to 2 cycles (or 25 ms for DC· 14)

5) The value ·S x po results from an empirical relat ionship which is found to represent most d e. mag net ic loads
to an upper limit of P = 50 W , i.e . 6 x P = 300 ms. Load s having power consumption greater tha n 50 Ware
assumed to consist of sma ller loads in para lle l. The refore , 300 ms is to be an uppe r va lue . irrespecti ve of
the power consumption value.
For sem iconductor sw itch ing dev ices the maximum time constant shall be 60 rns. i.e. TO 95 " 180 (3 x time
constant) .

27

 



ISIIEC 60947-5-1 : 2003

8 Tests

8.1 Kinds of test

8.1.1 General

Subclause 8.1.1 of lEe 60947-1 applies .

8.1:2 Type tests

Type tests are intended to verify compliance of the designs of the control circuit devices with
this standard.

They comprise the verification of:

a) temperature-rise (8.3.3.3);

b) dielectric properties (8.3.3.4);

c) making and breaking capacities of switch ing elements under normal conditions (8.3 .3.5.2);

d) making and breaking capacities of switching elements under abnormal cond itions (8.3.3.5.3);

e) performance under conditional short-circuit current (8.3.4);

f) constructional requirements (8.2) ;

g) degree of protection of enclosed control circuit devices (8.3.1).

8.1.3 Routine tests

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

In certain cases specified in Annexes J and K, the inspection is supplemented by a dielectric
test.

When performed, the dielectric test is carried out according to 8.3.3.4 with the following
amendments : the requ ired minimum duration of voltage application is reduced to about 1 s
and the metal foil and external terminal connections are unnecessary.

Additional routine tests for the control switch or the control circuit device may be specified as
appropriate. A sampling plan may be accepted.

8.1.4 Sampling tests

Sampling tests shall be performed on time delay devices to verify the time delay or range of
time delay as stated by the manufacturer.

NOTE Sampl ing tests for clearance verification . accord ing to 8.3.3 .4.3 of lEe 60947-1 are under consideration.

8.1.5 Special tests

These tests are subject to agreement between manufacturer and user .

They comprise the verification of the durabil ity (see Annex C).
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The mechanical and electrical durability tests shall be performed With the actuator operated
by a machine that compl ies with the requirements of 8.3.2.1

8.2 Compliance with constructional requirements

Subclause 8.2 of IEC 60947-1 applies except for 8.2 5 and 8.26.

8.2.5 Verification of actuating force (or moment)

When required in 7.1.4.3, the minimum actuating force or moment shall be tested durtng
sequence V of 8.3.1 . The performance shall be as stated in 7.14.3.

8.2.6 Verification of limitation of rotation (of a rotary switch)

When this test is required in 7.1.4 .4, it shall be tested during sequence VI of 831 The test
sample shall be mounted according to the manufacturer's instructions .

The operation moment shall be measured five times and the maximum value recorded. The
maximum moment value, mult iplied by five, shall be applied to the actuator by forcing It
against the means of limitation. The moment shall be applied for 10 s.

The test is passed if the means of limitation has not moved, become loose or prevented the
actuator's normal operation .

8.3 Performance

8.3.1 Test sequences

The type and sequence of tests to be performed on representative samples are as follows.

- Test sequence I (sample NO.1)

Test NO.1 - Operating limits of contactor relays (8.3 3.2), if applicable

Test NO.2 - Temperature rise (8.3.3 .3)

Test NO.3 - Dielectric properties (8.3.3.4)

Test NO.4 - Mechanical properties of terminals (8.2 .4 of IEC 60947-1)

Test sequence II (sample No.2)

Test No. 1 - Making and breaking capacities of switch ing elements under normal
conditions (8.3 .3 .5.2)

Test No.2 - Dielectric verification (8.3 .3.5 .5 b»

Test sequence III (sample No.3)

Test No. 1 _ Making and breaking capacities of switching elements under abnormal

conditions (8 .3 .3.5 .3)

Test NO.2 - Dielectric verification (83.3.5 .5 bj)

Test sequence IV (sample No.4)

Test NO.1 _ Performance under conditional short-circuit current (8.3 .4)

Test NO.2 - Dielectric verification (83.3.5.5 b))

Test sequence V (sample No.5)
Test NO.1 _ Degree of protection of enclosed control circuit devices (Annex C of IEC 60947-1)

Test NO.2 - Verification of actuation force or moment (8.2.5)

29 



I5nEC 60947-5-1 : 2003

_ Test sequence VI (sample No.6)

Test No.1 _ Measurement of clearances and creepage distances , if applicable (7.1.3)

Test No.2 - Verificat ion of limitation of rotation of a rotary switch (8.2 .6) .

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

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

NOTE For class II control circuit devices insulated by encapsulation, additiona l samples are required (see Annex F).
For control circuit devices with integrally connected cables, see Annex G.

8.3.2 General test conditions

8.3.2.1 General requirements

Subclause 8.3.2.1 of IEC 60947 -1 appl ies with the following add it ion :

The tests shall be performed with the actuator operated by a machine complying with the
requirements of 8.3.2.1 a) or, for a rotary switch , in accordance with 8.3.2.1 b) .

a) For push-buttons and/or related control switches the operating machine shall apply the
actuating force (or moment) to the actuator in the direction of its motion.

The force (or moment) or the travel of the operating machine shall comply with one of the
following conditions according to the manufacturer's instructi ons:

- the maximum force (or moment) exerted on the actuator shall not exceed 1,5 times the
force (or moment) required for maximum over-travel of the contact element(s) ;

- the cover-travel of the contact elements shall be between 50 % and 80 % of the over-
travel inherent in the design of the contact elements.

During the whole part of the operating cycle where the contacts move from the open to
closed position (or vice versa) or at least at the moment when the switching operation
occurs, the veloc ity of the operating mach ine, measured where it touches the actuator,
shall be between 0,05 m/s and 0,15 m/s.

The mechanical connection between the operating mach ine and the actuator shall have a
sufficient free play (lost motion) to avoid the operating machine impeding the free motion
of the actuator away from it.

b) For switches fUlly rotary in both directions, one operating cycle comprises either one fully
clockwise operation of the actuator or one fUlly anticlockwise operation of the actuator .
However . in this case approximately three-quarters of the total number of operating cycles
shall be made in the clockwise direction , followed by the remainder in the anticlockwise
direct ion. The angular velocity shall be between 0,5 to 1 revolution per second.

8.3.2.2 Test quantities

SUbclause 8.3.2.2 of IEC 60947-1 applies except for 8.3.2.2.3.
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8.3.2.3 Evaluation of test results

The condition of the control circuit device after each test shall be checked by the verifications
appl icable to each test.

A control circu it dev ice is deemed to have met the requirements of this standard if It meets
the requirements of each test and/or test sequence as applicable.

8.3.2.4 Test reports

Subclause 8.3 .2 .4 of IEC 60947-1 applies .

8.3 .3 Performance under no-load, normal load and abnormal load conditions

8.3.3.1 Operation

Subclause 8.3 .3.1 of IEC 60947-1 applies .

8.3.3.2 Operating limits of contactor relays

The operating lim its of contactor relays shall be in accordance with the standard applicable to
contactors (see IEC 60947-4-1).

8.3 .3.3 Temperature rise

Subclause 8.3.3.3 of IEC 60947-1 applies with the following addit ion:

All switch ing elements of the control circu it device shall be tested. All switching elements that
may be simultaneously closed shall be tested together. However, switching elements forming
an integral part of an actuating system in such a manner that the elements cannot remain in
the closed position are exempt from this test.

NOTE Several temperature-rise tests may be necessary if the control circuit dev ice has several pos itions in which
switching elements are in their closed position.

The minimum length of each temporary connection, from terminal to term inal , shall be 1 m.

8.3.3.4 Dielectric properties

Subclause 8.3.3.4 of lEe 60947-1 applies with the following addition.

For Class II control circu it devices insulated by encapsulation , see Annex F.

8.3.3 .4.1 Type tests

Subclause 8.3.3.4.1 of IEC 60947-1 applies with the following addition.

Add, after the second paragraph of 3) c):

The control circuit device shall be capable of withstanding the test voltage applied as follows:

_ between live parts of the SWitching element and parts of the control switch intended to be
earthed;
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_ between live parts of the switching element and surfaces of the control switch likely to be
touched in service, conductive or made conductive by a metal foil ;

_ between live parts belonging to electrically separated switching elements.

8.3.3.5 Making and breaking capacities

Tests for verification of making and breaking capacities shall be made according to the
general test requirements stated in 8.3.2.1 .

8.3.3.5.1 Test circuits and connections

Tests shall be carried out on a single-pole element or on one pole of a multi-pole device
provided that all pole elements are identical in construction and operation .

Adjacent contact elements are considered to be of the opposite polarity unless otherwise
stated by the manufacturer.

Change-over contacts of forms C and Za are of the same polarity and change-over contacts of
form Zb are of the opposite polarity.

Single-pole elements or contact elements in a multi-pole device stated as the same polarity
shall be connected in accordance with the circuit shown in Figure 5. Any adjacent contact
elements not being tested shall not be connected.

Change-over contacts of forms C and Za shall be subject to separate tests in the normally
open and normally closed positions connected in accordance with Figure 5.

Contact elements of the opposite polarity shall be connected in accordance with the circuit
shown in Figure 6. Adjacent contact elements of the opposite polarity not being tested shall
be jointly connected to the supply, as shown .

Change-over contacts of form Zb shall be SUbject to separate tests in the normally open and
normally closed positions but with both terminals of the opposite position being connected to
the supply , as shown in Figure 6, for an adjacent contact of opposite polarity.

If the make and break operations require different values, the circuit shown in Figure 7 shall
represent load Ld in Figures 5 and 6.

For a.c. tests :

The load shall be an air-cored inductor in series with a resistor if needed to obtain the
specified power factor . The inductor shall be shunted by a resistor taking 3'% of the total
power consumed (see Figure 7). .

For d.c. tests :

To obtain the specified steady-state current the test current shall increase from zero to the
steady-state value within the limits shown in Figure 9. For gUidance, an example of an iron­
cored load is shown in Annex B.

Test. voltage and test current shall be in accordance with Tables 4 and 5. The test circuit
applied shall be stated in the test report .
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8.3.3.5.2 Making and breaking capacities of sWitching elements under normal
conditions

The tests are intended to verify that the control circuit device is capable of performing Its
intended duty according to the utilization category

With the load set in accordance with Table 4, the 6 050 operating cycles shall be carried out
in the following sequence:

50 operations at 10 s intervals with the voltage set at 1,1 Ue ;

10 operations as rapidly as possible whilst ensuring complete closing and opening of
contacts;

990 operations at 1 s intervals;

5 000 operations at 10 s intervals.

When the construction of the device is such that rapid cycling is not possible, for example
overload relay contacts, the operations shall be at 10 s intervals or as fast as the device will
permit.

For auxiliary contacts of a SWitching device, for example contactor, circuit-breaker, the number
of operating cycles shall be the same as that required for the verification of the conventional
operational performance capability of the switching device (see appropriate product standard)

8.3.3.5.3 Making and breaking capacities of SWitching elements under abnormal
conditions

The test is intended to verify that the control circuit device is capable of making and breaking
currents associated with electromagnetic loads. Load values, together with the sequence of
operations shall be in accordance with Table 5.

8.3.3.5.4 Vacant

8.3.3.5.5 Results to be obtained

a) During the tests of 8.3.3.5.2 and 8.3.3.5.3 there shall be no electrical or mechanical
failures, no contact welding or prolonged arcing, and the fuses shall not blow.

b) After the test of 8.3.3.5.2 and 8.3.3.5.3 the device shall withstand the power-frequency
test voltage of 2 Ue , but not less than 1 000 V, applied as specified in 8.3 3.4 1

8.3.4 Performance under conditional short-circuit current

8.3.4.1 General conditions for short-circuit tests

The switching element shall be in a new and clean condition, mounted as in service.

8.3.4.2 Test procedure

The switching element may be operated several times before the test, at no load or at any
current not exceeding the rated current.

A contact element with two terminals shall be tested with the actuator in the position
corresponding to the closed position of the switching element under test.
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The contact element to be tested shall be in ser ies with the sho rt -circu it protective dev ice
(SCPO) , the load impedance, and a separate switching dev ice in a single -phase CIrcuit as
shown in Figure 8. The test quantities shall be in accordance with 8 3 4 3

The test is performed by making the current with the separate making switch and the current
shall be maintained until the SCPO operates .

The test shall be performed three times on the same contact element, the SCPO being reset
or replaced after each test. The time interval between the tests shall be not less than 3 min
The actual time interval shall be stated in the test report

For change-over contact elements, the above test shall be made separately on both the
normally closed and normally open contacts .

NOTE For control sw itches with both two terminals and Change -over contact e lements . both lypes should be
tested.

A separate control circu it dev ice may be used for each contact element

8.3.4.3 Test circuit and test quantities

The switching element shall be connected in series with the short-circurt protective device of
type and rating stated by the manufacturer; it shall also be in series With the SWitching device
intended to close the circuit.

The test circuit load impedance shall be an air-cored inductor in ser ies With a resistor .
adjusted to a prospective current of 1 000 A, or a higher va lue , if stated by the manufacturer,
at a power factor of between 0,5 and 0,7 and at the rated operationa l voltage No parallel
damping load shall be added. The open circu it vo ltage shall be 1,1 times the maximum rated
operational voltage of the switching element

The switching element shall be connected in the circuit usmq 1 m total length of cable
corresponding to the operational current of the switch ing element.

8.3 .4.4 Condition of the switching element after the test

a) After the short-circu it test it shall be possible to open the SWitching elements by the
normal actuating system.

b) After the test the device shall withstand the power-frequency voltage of 2 Ue but not less
than 1000 V applied as specified in 8.3.3.4 .1.
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Number Disposilion
Actuator positions

of the of the contact
example elementts) IT] 0] [2] 0 0
, ------ )( Contact element closed in actuator position No. I

only.

2 ------ X X X Contact element closed in actuator positions No.2, 4
and S.-e_ X
Two contact elements used as chance-over contact3 elements wilh 3 terminals ,

)(

4 ------ 2L Contact clement with pulse (fleetin,) contact closed
between actuator positions No. 2 and 3.

5 ------ ~)( X X X-
Contact clement with pulse (neelinJ) contact open
between actuator positions No. 3 and 4.

e -----=- )(, )(
Contact clement with maintained contact between
actuator positions No. '" and 5.---- )(-~ Two contact dements with close-before-open contacts

7 ------ - -x
between actuator positions No. I and 2.------ X Two contact dements with open-before-close contacts8 ---- between actuator positions No. J and 2 (").

X

A ---- )( )( Operat ion in which contact element B is arranged to9
B ---- ~x- 1--)(-

close before and open after comact clement A.

(") Open-before-dose contact elements may be used to break the current in one circuit before making the current in the other circuit. provided the lime interval be properly
related to the circuit ccnditions.

Figure 1 - Examples of the recommended method for drawing an operating diagram of a rotary switch
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Positionof rest of the actuator
."",...,=r------"!

Actuator

Contact element

Positionof rest
of the contact element

Endstop
applied to the
contact element

II Pre-travel of the actuator

b Pre-t ravel of the contact element

c Minimum value required to give adequate contact gap

d Over -travel of the contact element

b + c + d Total travel of the contact element

II + b + c + d + e)" Total travel of the actuator

°NOTE Because of a possible resilient connection between the actuator and the contact element (for example,
see Figure 3), the over-travel of the actuator may exceed the over-travel of the contact element by a length e.

Figure 2 - Operation of push-buttons
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End SlOP IIppiled to the actuetcr

Figure 3 - Difference e between the over-travel of the actuator
and that of the contact element
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Symbols Forms Desc riptionFlguro No. FlgUrl~

Y ---- A

Note 1 Single gap contact element w ith two
<Ca) te rminals

~ B

Note 1

~
- ::.--- X

~
Note 1 Dou ble gap contact element w ith two

4b ) terminals• •I I J-- y

Note 1

%+ --
~ C Che nge-c vee, singl.8 gap, contact

4<:) element wit h three terminals

Note 1

~ ~ 1= Change 'over, double gap, contact
Za element with four term inals4(1)

~ ~ Note - The contacts afe of the same
polarity

Ii '~II ,

" -h-- Change-over, double gap, contact"'.
<Ie) :' I element w ith four terminalsZb..... ..... I (The two mov ing contacts are

I electrically saparalBd l
~ ~ -~

NOTE 1 Symbols according to rsc 60617 .

Figure 4 - Examples of contact elements (schematic sketches)
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Test circuits
(see 8.3.35)

Multi -pole control switches

0--- - _ _ Metal enclosure

0 - - - -

"-- or =

Contacts of same polarity not
electrically separated

Ld : Load according to Figure 7

F: Fuse or iso lation measurement device

S: Contact element (NO or NC)

Supply

I

! r
I I

S
", '

i

I
, :

-- - 't-
S 1-. S r.i .

I

Figure 5 - Test circuits for multi-pole control switches ­
Contacts of same polarity, not electrically separated

c~------,
Metal enclosure

Contacts of opposite polarity
and electrically separated

Supply

"-- or =

\-i Sf-Sf

1

..-­

•

ll.J F
,

Ld : Load according to Figure 7

F: Fuse or isolat ion measurement device

S: Contact element (NO or NC)

Figure 6 - Test circuits for multi-pole control switches ­
Contacts of opposite polarity, and electrically separated
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Test circuit
(see 8.3.3.5)

Make current
fOl'eumple:
!O I• •cos I' = 0.3 R

L

Commuteting contact

Break current
for examp le:
I• . cos '" = 0.3

Formula for Rs calculation

Rs ~ 33.3 -!:!..- I -'- • cos 'PI
I. cos 'i'

Figure 7 - Load Ld details for test conditions requiring different values
of make and break current and/or power factor (time constant)
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I Make switch
I

/

Metal enclosure

T
\
I
I

SCPO as specified by
the manufacturer
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Fault current
limiting resistor

• Nole

SWitch under test

Fus,ble element

NOTE To be connected alternatively to I or" on successive tests .

Figure 8 - Test circuit, conditional short-circuit current (see 8.3.4 .2)

%/

19 5;1001
100

80

60

40

20

20 40 60 80 100

I z:: steady state current

% T0.95 = r • 100
To 95

To.95 = 6~P for P< SOW

TO.95 =300 ms lor Pi!: 50 W

% TO.95

Figure 9 - Current/time limits for d.c. test loads (see 8.3.3.5.3)
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Annex A
(normative)

Electrical ratings based on utilization categories
(see 3.1)

Table A.1 - Examples of contact rating designation based on utilization categories

Designa. Utilization Conven· Rated operational current '. (A) VA rating
tion 1) category tional at rated operational voltage Ue

enclosed
thermal
current

"ho
VAA

Alternative current 120 V 240 V 380 V 480 V 500 V 600 V M 8

AlSO AC·15 10 6 - - - - - 7200 720
A300 AC·15 10 6 3 - - - - 7200 720

AGOO AC·15 10 6 3 1,9 1,5 1 ,4 1,2 7200 720
8 150 AC·15 5 3 - - - - - 3600 360
8300 AC·15 5 3 1.5 3600 360
8600 AC·15 5 3 1,5 0,95 0,75 0,72 0.6 3600 360
C150 AC·15 2,5 1,5 - - - - - 1800 180
C300 AC·15 2,5 1,5 0,75 - - - - 1800 180
CGOO AC·15 2,5 1,5 0.75 0,47 0.375 0,35 0 ,3 1800 180
0150 AC-14 1,0 0 ,6 - - - - - 432 72
0300 AC·14 1,0 0,6 0.3 - - - - 432 72
E150 AC·14 0,5 0 ,3 - - - - - 216 36

Direct current 125 V 250V 400 V 500 V 600V
N150 DC·13 10 2,2 - - - - 275 275
N300 DC· 13 10 2,2 1,1 - - - 275 275
N600 DC·13 10 2,2 1,1 0,63 0.55 0 ,4 275 275
P150 DC·13 5 1.1 - - - - 138 138
P300 DC·13 5 1,1 0,55 - - - 138 138
P600 DC·13 5 1,1 0,55 0 ,31 0,27 0,2 138 138
0 150 DC·13 2,5 0,55 - - - - 69 69
0300 DC·13 2,5 0,55 0,27 - - - 69 69
0600 DC· 13 2,5 0,55 0,27 0.15 0,13 0 ,1 69 69
R150 DC·13 1,0 0.22 - - - - 28 28
R300 DC·13 1,0 0,22 0,1 - - - 28 28

M =make
8 =break

NOTE 1 The letter stands for the conventional enclosed thermal current and identifies (a.c. or d .c.) : for example 8 means
5 A a.e. The rated insulation voltage U, is at least equal to the numbe r after the letter.

NOTE 2 The rated operational current 'e (A) , the rated operational voltage Ue (V) and the break apparent power B
(V.A) are correlated by the formula B .. Ue 'e '
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Table A.2 - Examples of semiconductors sWitching element ratings
for 50 Hz and/or 60 Hz 1)

Switching Rated Rated make current Minimum Maximum
element rating operational operational OFF·ltate

current r, A current current

Designation A AC15 AC1~ AC13 AC12 A mA

SA 10 100 60 20 10 0,1 15

SB 5 50 30 10 5 0.1 15

SC 2 20 12 4 2 0.05 10

SO 1 10 6 2 1 0.05 10

SE 0,5 5 3 1 o.s 0.01 10

SF 0,25 2,5 1,5 0,5 0,25 0,01 5

SG 0,1 1 0,6 0,2 0,1 0,01 3

1) The rated operational voltage shall be specified by the manufacturer.

Table A.3 - Examples of semiconductors switching element ratings for d.c. 1)

Sw itching element rating Rated operational current Rated make current Maximum

I. A OFF'ltate current

Designation A DC14 DC13 DC12 mA

SN 10 100 10 to 5

SP 5 50 5 5 4

sa 2 20 2 2 4

SR 1 10 1 1 2

SS 0,5 5 0,5 0.5 2

ST 0,25 2,5 0,25 0,25 1

SU 0,1 1 0,1 0,1 0,4

SV 0,05 o.s 0,05 0,05 0,2

1) The rated operational voltage shall be specified by the manufacturer,
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Annex B
(normative)

Example of inductive test loads for d.c. contacts

8.1 General

The direct current inductive loads found in control circuits are usually electromagnetically
driven relays, contactors and solenoids with solid iron toads rated 50 W or less. The influence
of these loads on the contacts of the control circuit device is determined by the stored energy
of the inductor which, in turn, is related to the average rate of rise of the current in the
inductor or to the charging time of the inductor.

It has been empirically determined that inductive loads up to 50 W almost always have a
charging time (TO,95 ) to 95 % of their full current value of 6 ms per watt or less.

8.2 Construction

The following inductive test loads may be used to approximate the loads imposed upon
contacts used in d.c. control circuits:

The magnetic circuit consists of two solid steel cores, 44,5 mm in diameter and 158,7 mm
long, which are fastened by screws at each end to solid steel yokes 25,4 mm x 63,5 mm x
152,4 mm on 101,6 mm centres (see Figure B.1). The steel has a resistance of between 13,3
and 19,9Ilntcm. (Cold-finished low carbon steels such as AISI 1010, 1015, 1018 or 116
equivalent meet this requirement.) At one end of each core, a non-magnetic spacer having a
thickness adjustable to between 0,127 mm and 0,762 mm is interposed between the end of
the core and the yoke. Non-magnetic screws shall be used to hold the yoke at the end having
the non-magnetic spacer, and steel screws shall be used at the other end.

A coil having the winding characteristics shown in Figure B.1 surrounds one of the cores. The
current in the coil, when energized at the test voltage, is adjusted to the value specified in the
Table B.1 by means of a series resistor.

The thickness of the spacer is adjusted so that the coil current builds up from zero to 95 % of
its full value within the limits shown in Figure 9. If the current curve falls below the minimum
time limit, the cross section of the iron yoke is increased and if it falls above the maximum
limit the cross section is reduced.
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r -- --,
I I
I I
I I
I I
I I
I I
I Co il I
J I
I I
I I
I I
I I
I I
I IL J

Twobrass space" 0 44.5
one bet_en each core
and yoke

101,6

f-- - - j

I I
I I

I :
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
l J

, I
; I
L_ J

Twoyokes
25.4 x 63.5. 152.4

Twocores.
e· 44 .5 x 158.7 long

Twohexagonal head brass
cap screws M12x 44 .5/ong --~:1::~~~-f~-~~J;;l~l-,

Two heJCBgonal head steel
cap screws M12 x 44.5 long

Dimensions in millimetres

Figure B.1 - Construction of load for d.c, contacts

Table B.1 - DC loads

Coil construction

Test voltage Number of Wire size Approximate Current limit with WatUge at tut
turns coil res istance series res istor voltage

V mm2 n A W

125 7000 0,52 74 1.1 138

250 14 000 0.26 295 0,55 138

600 33400 0.10 1680 0,20 120
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Annex C
(normative)

Special tests - Durability tests

C.1 General

C.1.1 Durability declaration

The special durability tests (see 7.2.4.3) described in this annex are conducted at the
discretion of the manufacturer. If the manufacturer declares a mechanical and/or electrical
durability, the value shall correspond to the special tests described respectively in C.2 and/or
C.3.

NOTE Both durability types apply to the complete control circuit device.

Both durability types are expressed as a number of operating cycles (see C.2.1 and/or C.3.1).

The preferred numbers of operating cycles declared for any type of durability are the
following: 0,01 - 0,03 - 0,1 - 0,3 - 1 - 3 - 10 - 30 or 100 millions.

C.1.2 Test procedures

C.1.2.1 General

Every test shall be performed under the general conditions stated in 8.3.2.1, and at a rate
equal or higher than that declared by the manufacturer. The moving parts of the device shall
reach their maximum operating positions in both directions, as recommended by the
manufacturer.

The test results are verified by statistical analysis according to the single 8 (see C.1.2.2) or
double 3 (see C.1.23) test methods.

The manufacturer may declare mechanical durability based on experience with similar design.

NOTE The ~;ngle 8 or double 3 test methods are both given in IEC 60410 (see Tables X-C-2 and X-D-2). These
two tests have been chosen with the objective of testing a limited number of control circuit devices on the same
statistical characteristics (acceptance level: 10 'If.). Other methods providing the 10 'If. acceptance level may be
used.

C.1.2.2 Single 8 test

Eight control circuit devices shall be tested to the declared number of operating cycles

If the number of failed devices does not exceed two, the test is considered passed.

C.1.2.3 Double 3 test

Three control circuit devices shall be tested to the declared number of operating cycles.
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The test is considered passed if there is no failu re, and failed if there is more than one failure
Should there be only one failure, then three additiona l control circu it devices are tested to the
decla red number of operating cycles and providing there is no addit ional failure the test is
considered passed . '

C.1.3 Failure criteria

During the tests described in C.2.2 and C.3.2, there shall be no electrical andlor mechanical
failures. Following the tests, the sWitching element shall pass the dielectric test of 8.3 3.4 with
a rated test voltage equal to 2 Ve with a minimum of 1.000 V.

C.2 Mechanical durability

C.2.1 General

The mechanical durability of a control circuit device is defined as the number of no-load
operating cycles which will be attained or exceeded by 90 % of all devices tested without
repair or replacement of any part.

C.2.2 Test procedures

Tests are carried out according to C.1.2.

During the test, per iodically the contacts shall be checked at any voltage and current ,
selected by the manufacturer, and there shall be no failure (see C.1.3).

C.3 Electrical durability

C.3.1 General

The electrical durability of a control circuit device is defined as the number of on-load
operating cycles wh ich will be atta ined or exceeded by 90 % of all devices tested , without
repa ir or replacement of any part.

C.3.2 Test procedures

Electrical durability tests are carried out by operating the device under the conditions defined
in Table C.1 , in accordance with C.3.2.1 for a.c. or with C.3.2.2 for d.c .

Each mechanical operating cycle shall include an interruption of test current.

The ON-duration of current shall be not more than 50 % and not less than 10% of an
operating cycle. If the test circuit shown in Figure C.1 is used, the ON-duration of current at
ten times Ie shall not cause overheating.

Alternatively these tests may be performed on the actual load for which the control switch is
intended.
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Table C.1 - Making and breaking conditions for electrical durability

Kind of curr en t Ut il ization ca tegory Make Break

, U cos tp
, u cos tp

Alternating AC·15

10'. U. 0,7 1) t, o, 0 ,41)

, U TO,95 I U TO,95Direct21 DC·13

t, o, 6 x p 31 'e U. 6 x p 31

'. Rated operat iona l curre nt , Current to be made or broken

U. Rated operational voltage U Voltage

p = U. " '. Stead y-state power consumption, in W TO,95 Time to reach 95 % of the steady-stat e current ,
in millis econds

11 The pewer -Iactors indicated are convent iona l values and apply only to the test ci rcuits wh ich simulate the
electrical cha racterist ics of co il circuits , It should be noted that , for circu its with power-factor 0 ,4, shunt
res istors are used in the test circuit to simulate the damping effect on the eddy current losses of the actual
electromagnet ,

2) For d.c. elec tromagnet ic loads provided with switching dev ices introducing an economy res istor, the rated
opera tional current sha ll be at least equal to the maximum value of the inrush cur ren t.

3) The value ' 6 x P" results from an empirical rela tionsh ip wh ich is found to represent most d.c. magnetic
loads to an uppe r limit of P = 50 W, i.e. 6 x P = 300 ms. Load s hav ing power consumption grea ter than
50 Ware ass umed to consist of smaller loads in paralle l. There fo re , 300 ms is to be an upp er value,
irres pecti ve of the powe r.

C.3.2.1 AC tests

The circu it to be used shall be as shown in Figure C,1 below, comprising

a making circuit , cons isting of an air- cored inductor, in series with a res istor, having a
power facto r of 0.7 and drawing a cur rent of 10 'e;

a breaking circu it, cons ist ing of an air-cored inductor in series with a res istor, the whole
being in parallel with a resistor in which flows about 3 % of the breaking current 'e, so that
the total power facto r be of 0,4 ,

If the contact element has a bounce time less than 3 ms, the test may be made with the
simplified circu it shown in Figure C.2.

The test report shall record which test circu it has been used .

C.3.2.2 DC tests

Circu its to be used sha ll cons ist of:

a) an air -co red inductor in series with a resistor.

A resistor shall be connected across the complete test circuit to simulate the damping due
to eddy currents; the resistance value shall be such that 1 % of the test current will pass
through this resistor; or,

b) a n iron -c ora d inductor, in ser ies with a resistor, if required, to obtain a duration To 95 as
Indicated In Table C 1. '
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It shall be ver ified, by oscillograms, that the time to reach 95 % of the steady-state current is
equal to the value given in Table C.1 ± 10 %, and the time to reach 63 % of the steady -stale
current is one-th ird of the value given in Table C.1 ± 20 %

AC test circuits (see C.3.2.1)

Device under !list )'

10/. I
COH' - 0~7 t

R

l

Device un<ler test

~ 0.03/, R

R R

~ 0,03/.

Figure C.1 - Normal circuit
(see C.3.2.1)

49

Figure C.2 - Simplified circuit
(see C3.2.1)
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Annex 0
(normative)

Clearances and creepage distances of control circuit devices

0.1 Scope

The recommendations of this annex apply to control circuit devices specified in this standard.
They apply to equipment in air and to normal atmospheric conditions as defined in 6.1.3.2.
When the atmospheric conditions differ from the normal, this should be recognized either by
the choice of enclosures or by larger creepage distances. Observation of these recommendations
does not imply that the devices will meet the test requirements of this standard.

They apply neither to devices for which a value of Uimp has been declared, nor to devices
suitable for isolation which shall comply with the requirements of 7.1.3.

0.2 Definitions

(Vacant)

0.3 General

0.3.1 It is recommended that the surface of the insulating parts should be designed with
ridges so arranged as to break the continuity of conductive deposits which may form.

0.3.2 The recommended clearances and creepage distances apply to non-arcing parts. In
the vicinity of arcs or in areas where ionized gases may be present, the normal atmospheric
conditions defined in 613.2 do not exist and larger values may be necessary.

0.3.3 The recommended clearances do not apply to the gap between the separable contacts
of the same pole when in the open position.

0.3.4 Conducting parts covered only with varnish or enamel, or protected only by oxidation
or a similar process, should not be considered as being insulated.

0.3.5 The recommended clearances and creepage distances shall be maintained under the
following circumstances

a) on the one hand, without external electrical connections on the other hand when
Insulated or bare conductors of the type and of any dimensio'ns specified for the contactor
are installed according to the manufacturer's instructions, if any;

b) after Interchangeable parts have been changed, taking into account maximum permissible
manufacturing tolerances;

c) taking into consideration possible deformation due to the effect of temperature, ageing,
shocks, vibration, or due to short-circuit conditions which the contactor is intended to
endure.
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0.4 Determination of clearances and creepage distances

In determining clearances and creepage distances, it is recommended that the following
points should be cons idered:

0.4.1 If a clea.rance or a creepage distance is influenced by one or more metal parts, either
one of the sections between these parts should have at least the prescr ibed minimum value ,
or the sum of the two largest sections should have at least 1,25 times the prescribed minimum
value. Individual sections less than 2 mm in length should not be taken into consideration in
the calculation of the total length of clea rances and creepage distances.

0.4.2 In determining a creepage distance, grooves at least 2 mm wide and 2 mm deep
should be measured along the ir contour. Grooves having any dimension less than these
dimensions and any groove liable to be clogged with dirt should be neglected and direct
distance only measured.

0.4.3 In determining a creepage distance, ridges less than 2 mm high should be neglected
Those at least 2 mm high :

- are measured along the ir contour, if they are an integral part of a component in insulating
material (for instance by moulding or welding) ;

- are measured along the sho rter of two paths' length of jo int or profile of ridge, if they are
not an integral part of a component in insulating material.

0.4.4 The application of the foregoing recommendations is illustrated by examples 1 to 11 of
Annex G of IEC 60947-1.

0.5 Minimum values of clearances and creepage distances

0.5.1 The values of clearances and creepage distances are given in Table 0 .1 as a function
of rated insulation voltage and of the conventional thermal current Ith of the control circuit
device .

0 .5.2 The values of clearances are given between two live parts (L·L) and between a live
part and an exposed conductive part (L-A) . The distance between a live part and an earthed
part (Which is not an exposed conductive part) may be that specified for L-L for the
corresponding voltage.

0 .5.3 The values of creepage distances also depend on the insulating material and the
shape of the insulating piece.

Column a: 1) Ceramics (steatite, porcelain).

2) Other kinds of insulating materials designed with ridges or with approx imately
vertical surfaces, for which experience has shown that they ar~ capable of giVing
sat isfactory service with the creepage distances used for ceramics.

NOTE Such materials may be materials having a comparative tracking index of at least 140 V (see lEG 60112) for

example phenolic mouldings.

Column b: All other cases .

The values in Table 0 .1 are given only as a guide to what may be regarded as

min imum values.
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Table 0.1 - Clearances and creepage distances

Rated insulation voltage U1 Clearances Creepage distances
mm mm

V L-L L-A a b

U,s 60 2 3 2 3

60 < U, S 250 3 5 3 4

250 < U, S 400 4 6 4 6

400 < U, S 500 6 8 6 10

500 < U, s 690 6 8 8 12

690 < U, S 750 c.a. 10 14 10 14

750 < U, S 1000 c.a. 14 20 14 20

NOTE 1 The values in Table 0 .1 apply to the atmospheric conditions as specified in 6.1 .3.2 . For more severe
conditions and for marine service , creepage distances should be at least those in column b.

NOTE 2 When the clearance L·A is greater than the corresponding creepage distance specified in column a or
column b, then the creepage distance from the live part to the exposed conductive part shall be not less than the
clearance .
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Annex E
(normative)

Items subject to agreement between manufacturer and user

NOTE For the purpose of this annex:

- "agreement" is used in a very wide sense .

- "user" includes test ing stat ions.

Annex J of lEe 60947-1 applies, as far as covered by clauses and of this standard, with the
following additions :

Clause or subclause number Item
of this standard

5.2.5 Relationship between the positions of the actuator of rotary switches and
the' associated contact element positions in the operating diagram (indication
by the manufacturer)

5.2.6 Characteristics of the delay of time-delay contact elements with adjustable delay
of contactors relays (indication by manufacturer)

6.1.1 (Anne x K) Choice of connecting conductors for position switches with direct open ing action

8.3.1 Test sequences made on one sample only (at the manUfacturer's request)

8.3 .4.3 Cond it ional short-circuit curren t test:

_ adjustment of the test circu it if the prospective current is different from
1 000 A (to be specified by the manufacturer)

- power factor of the test circuit less than 0,5 (with the manufacturer's consent)
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Annex F
(normative)

Class II control circuit devices insulated by encapsulation
Requirements and tests

F.1 General

This annex specifies constructional requirements and tests for class II control circu it dev ices
or parts of devices in which insulation of class II according to IEC 61140 is achieved by
encapsulation.

All non-encapsulated parts shall have clearances and creepage distances double to those
specified in 7.13.

F.2 Definitions

For the purposes of th is annex, the following definitions apply:

F.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 pott ing

F.2.1.1
embedding
process of completely encasing electrical device(s) by pour ing a compound over it (them) in a
mould , and remov ing the encased device(s) from the mould after sol idification of the
compound

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

F.2.2
compound
thermosetting, thermoplastic, catalytically cured and elastomeric materials with or without
fillers and/or additives, after the ir sol idificat ion

F.2.3
temperature range of the compound
the ambient temperature range stated in 6.1 .1 of IEC 60947-1

F.5 Marking

Control devices according to this annex shall be marked with the folloWing symbol

- - ,
j !l!
'--'

This symbol is 60417-2-IEC -5172 .
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F.7 Instructional and functional requirements

F.7.1 Choice of compound

The compound shall be chosen so that the encapsulated control devices comply with the tests
defined in F.B.

F.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
port ion of the cable if any.

Compliance shall be verified by tests of F.B.1.2.5 and F.B.1.2 .2.

Moulding if any

Encapsuled parts
for dielectric tests
(F.8.1.2.1 and F.8 .1.2.6)

Figure F.1 -Insulation by encapsulation

F.7.3 Dielectric properties

Subclause 7.2.3 applies with the following changes .

For the verification of the impulse withstand voltage, the test voltage Uimp shalf be the nex~
higher category of the maximum rated operational voltage in the first column of Table H 1 0

IEC 60947-1 for the stated overvoltage category.

For the verification of the power frequency withstand voltage, the test voltage shalf be the
sum of the voltage stated in Table 12A of IEC 60947-1 pius 1 000 V.

F.8 Tests

F.8.1 Kind of tests

F.8.1.1 General

Subclause B.1 .1 of lEG 60947-1 applies.

F.8.1 .2 Type test

. d h f 3 samples in the specified order
The following sequence of 6 tests shalf be apphe to eac 0
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F.8.1.2.1 Dielectric tests in new conditions

Subclause 8.3.3.4 of IEC 60947-1 appl ies with the exception that the values of voltages shall
be applied between the stripped joined ends of the cable or the shorted terminals and any
point of the surface (or metallic foil on the surface) of the encapsulated dev ice
(see Figure F.1). No breakdown of the insulation shall occur.

F.8.1.2 .2 Cable tests (if applicable)

Control circuit devices provided with integrally connected cables shall comply with require­
ments of Annex G.

F.8.1.2.3 Rapid change of temperature test

Test Na shall be performed in accordance with IEC 60068-2-14 with the following values:

TA and TB are the minimum and the maximum temperatures stated in F.2.3

Transition time t2 : 2 min to 3 min

Number of cycles: 5

Exposure time t1: 3 h

After the test no visible damage shall be observed.t)

F.8.1.2.4 Impact test

The test is performed as follows (see Figure F.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 cylindrical shape) of the encapsulated device .

The impacts are provided by dropping a steel ball of 0,25 kg from a height of 0,20 m.

____~ Steel ban

I Sample under test

Figure F.2 - Test apparatus

The support is considered sufficiently rigid if its displacement under the impact energy is
lower than 0,1 rnrn.

1) Small cracks of the moulding compounds. if any (see Figure F.1) are acceptable after tests F 81 23 F 81 24
and F8.1.2.5 . . . ' . . . . .

They shall not impair the results of the final test of F.8.1.2 .6.
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After test no vis ible damage shall be observed.t)

F.8.1.2.5 Damp heat, cyclic

The test Db shall be performed according to IEC 60068-2-30 with the following values :

Upper temperature :

Number of cycles:

55 ·C

6

The test report shall state which variant is applied : variant 1 or variant 2.

After the test no vis ible damage shall be observed.U

F.8.1.2.6 Dielectric test after stresses

Following Test F.8.1.2.5, the dielectric propert ies shall be checked by repeating tests
specified in 8.3.3.4 with the test voltage of power-frequency withstand voltage being applied
for 5 s.

The results to be obta ined shall be as stated in 8.3.3.4 with the addition that the leakage
current shall not exceed 2 mA at 1,1 Vi'

F.8.1.3 Routine tests

Subclause 8.1 .3 applies but the dielectric test is mandatory .

1) . F' F 1) are acceptable after tests F.8.1.2.3. F.8.1.2.4
Small cracks of the moulding compounds. If any (see Igure .
and F.8 .1.2.5.
They shall not impa ir the results of the final test of F.8.1.2.6.
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Annex G
(normative)

Additional requirements for control circuit devices
with integrally connected cables

G.1 General

This annex gives additional requirements applying to control circuit devices with integrally
connected cables for electrical connection to other equipment and/or to the power source.

The cable integrally connected to such control circuit devices is not considered replaceable by
the user. This annex states the constructional and performance requirements for the cable,
the cable anchorage and the cable entrance seal.

G.2 Definitions

For the purpose of this annex, the following definitions apply:

G.2.1
cable connected control circuit device
control circuit devices having integrally connected leads for electrical connection to other
equipment and/or to the power source

G.2.2
cable entrance sealing means
sealing means between the cable and device enclosure providing the required protection from
cable abrasion and which may provide required sealing of enclosure and cable anchorage

G.2.3
cable anchorage
means to relieve mechanical stress from the cable termination so as to prevent damage to the
electrical connection between the device and the cable

G.7 Constructional and performance requirements

G.7.1 Constructional requirements

G.7.1.1 Cable material

The control circuit device shall be provided with flexible cable of appropriate voltage, current
and temperature rating and environmental condition.

NOTE The length of cable provided may be specified in the relevant product standard.
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G.7.1.2 Cable anchorage

The cable anchorage shall be such that a force being applied to the cable is not transmitted to
electrical connections Integral to the device.

Movement of the cable into or out of the control circuit device shall not cause damage to the
cable connection or Internal parts of the device.

G.7.1.3 Cable entrance sealing means

A sealing means shall be prov ided at the cable entrance to the control circuit device suitable
for the degree of protection specified for the device (see Annex C of IEC 60947-1).

NOTE The seal ing means may be inherent in the device encapsulation .

G.7.2 Performance requirements

The cable and the cable entrance seal ing means shall be capable of Withstanding the tests
given in G.a.

G.8 Tests

The purpose of these tests is to ensure integrity of the cable anchorage ' during handling and
install ation. Once installed, the control circuit device and cable should be fixed relative to
each other.

G.8.1 Type tests

The following sequence of four tests shall be performed on a representative sample in the
specified order.

G.8.1.1 Pull test

The cable shall be subjected to a steady pull along the axis of the cable entry, applied to the
insulating jacket of the cable for a duration of 1 min.

The pull force shall be 160 N for a cable diameter greater than or equal to a mm. The pull
force for cable diameters of less than a mm shall be of the value (in N) of 20 times the
external cable diameter (in mm) .

G.8.1.2 Torque test

The cable shall be subjected to a torque of 0,1 Nm or limited to the value giving an angle of
torque of 360°. The torque shall be applied clockwise for 1 min and then counter-clockwise for
1 min, to the cable at a distance of 100 mm from the contro l circuit device entrance

G.8.1.3 Push test

The push force shall be applied along the axis of the cable as close as possible to the cable
entrance.

The force is increased slowly to 20 N. The force shall be appl ied for 1 min for each time and
with 1 min pause between applications .

After the tests , no vis ible damage of the cable entran ce sealing means and no displace ment
of the cable shall be observed.
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G.8.1.4 Bend test

The cable shall be loaded and bent in the following manner:

a) suspend a 3 kg mass by attaching it to the cable, 1 m from the cable entrance and with the
axis of the cable entrance vertical ;

b) tilt the control circu it device 90· to cause a 90· bend in the cable, maintaining that position
for 1 min ;

c) tilt the control circu it device 90· in the opposite direction relative to vertical so as to cause
an opposite 90· bend in the cable , maintain ing the position for a duration of 1 min .

G.8.2 Results to be obtained

There shall be no damage to the cable, cable sealing means, cable entrance or the electrical
connecting means of the control circuit device . Th is will be ver if ied by visual examination and
verification of compliance with the stated IP designation.
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Annex H
(normative)

Additional requirements for semiconductor switching elements
for control circuit devices

H.1 General

H.1.1 Scope

This annex applies to control circuit devices with semiconductor switching elements for
controlling, signalling, interlocking , etc. switchgear and controlgear. These devices shall also
comply with the relevant requirements of this standard.

H.1.2 Object

The object of this annex is to state additional requirements for semiconductor switching
elements which are not contained in this standard.

H.2 Definitions

In addition to this standard, the following definitions apply .

H.2.1
voltage drop
Ud
the voltage measured across the semiconductor switch ing element when carrying the
operational current under specified cond itions

H.2.2
minimum operational current
I
the current that is necessary to maintain ON-state conduct ion of the semiconductor switching
element

H.2.3
OFF-state current
I
the current wh ich flows through the load circu it when the switch ing element is in the OFF-
state

H.3 Classification

H.3.1 Semiconductor switching elements

1) Utilization categories (see 4.4 and H.4.2).

2) Electrical ratings based on utilization categories (see Annex A).
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H.4 Characteristics

H.4.1 Rated voltage

H.4.1.1 Rated operational voltage (Ue )

Subclause 4.3.1.1 applies.

H.4.1.2 Operational voltage

The operational voltage may be stated as a single value or as a ~ange . When it is stat~d as a
range it shall include all the tolerances of Ue and shall be designated Us· The relationship
between Ue and UB is shown in Figure H.1. .

Ve min

Ratedoperational voltage (Ve>

I· -I
Ve max + 10 %

Figure H.1 - Relationship between Ue and UB

H.4.2 Utilization categories

The utilization categories given in Table 1 are considered standard. Any other types of
application shall be based on an agreement between manufacturer and user, but information
given in the manufacturer's catalogue or tender may constitute such an agreement.

H.5 Product information

Nature of information

The following information shall be given by the manufacturer: 5.1 applies with the following
additions :

Basic rated values and utilization

a) Voltage drop (see H.71 .1) .

b) Minimum operational current (see H.7.1.2)

c) OFF-state current (see H.7.1.3)

d) Making and breaking capacities (see H.7.2.1)

e) Cond itional short-circuit current (see H.7.3)

f) Electromagnetic compatibil ity, EMC (see H.7.4)

H.7 Constructional and performance requirements

H.7.1 Performance requirements

Subclause 7.2 applies with the following additions:
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H.7.1.1 Voltage drop (Ud )

The voltage drop, measured across the switching element in the conductive mode, shall be
stated by the manufacturer and verified according to H.8.2.

H.7.1.2 Minimum operational current (1m)

This shall be stated by the manufacturer and verified according to H.8.3.

NOTE In Tables A.2 and A .3. the minimum operational currents are specified tor the ratings shown.

H.7.1.3 OFF-state current (lr)

The maxim um current (Ir) wh ich flows through the load in the OFF-state shall be in
accordance with the values given in Tables A.2 and A.3. unless otherwise specified in the
relevant product standard. The OFF-state current shall be verified according to H.8.4.

H.7.2 Ability to make under abnormal and normal conditions

H.7.2.1 Making and breaking capacities

See 4.3 .5.

H.7.3 Conditional short-circuit current

The switching element shall withstand the stresses result ing from short-circuit currents under
the conditions specified in H.8.6.

H.7.4 Electromagnetic compatibility (EMC)

Subclause 7.3 of IEC 60947-1 applies.

H.8 Tests

H.8.1 Type tests

Subclause 8.1 .2 applies with the following additions:

a) Voltage drop (see H.8.2)

b) OFF-state current (see H.8.4)

c) Making and breaking capacities (see H.8.5)

d) Performance under short-circuit current conditions (H.8.6)

e) Verification of electromagnetic compatibility (see H.8.?)

f) Impulse voltage withstand test (see 8.3.3.4)

H.8.2 Voltage drop (Ud)

th tive output of the switching element in
The voltage drop is . measured across e ac I mbient tem erature of 23 ·C ±
the ON state and carrying the current range of 1m and i, ~t an ad 'th th circuit in Figure H 2
5 ·C and at the rated frequency. The measureme~t I~ pe °dr"k

e i:ladJ' us~ed to obtain the t~5i
with the switch S closed. The loads shall be resist ive an 2

current with the supply voltage U• .

The measured voltage drop shall not exceed the value specified In H.7. ~ .1.
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R1= Resistive load

R2 = Resistive load

V = High impedance voltmeter. 0,2 MnN

A=Ammeter

S= Switch

r.m.s. for a.c.
average for d.c.

Figure H.2 - Example of test circuit for the verification of voltage drop, minimum
operational current and OFF-state current (see H.8.2, H.8.3 and H.8.4)

H.8.3 Minimum operational current (1m)

The test is performed with the switching element connected to a test circuit shown in
Figure H.2 With supply voltage (Vel. the switch open and the switching element in ON-state
conduction , the resistive load R1 is adjusted to obtain the current 1m. The measured value
shall be according to H.7.1 .2.

H.8.4 OFF-state current (lr)

With the circuit in Figure H.2 , and the S sw itch closed, the load R2 is adjusted to obtain the
rated operational current (Ie) when the highest supply voltage (Vel is connected to the circuit.
The switching element is then turned off and the OFF -state current is measured. The current
shall be according to H.7.1 .3.

H.8.S Making and breaking capacities

Subclause 83.3.5 applies.

H.8.6 Performance under short-circuit current conditions

H.8.6 .1 Test circuit and test procedure

A new SWitching element shall be mounted as in service, in free air, and connected to the test
circuit using a 2 m total length cable suitable for the operational current of the switching
element (see Figure H.3)

The short-circuit protective device (SCPO) shall be of the type and rat ing stated by the
manufacturer. Th is SCPO shall be omitted if the switchinq element is integrally protected
against sho rt circuit .
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The load~ , Rand L are so selected that the current flowing through the sWitching element is
equal to Its rated operational current at the rated operational voltage (V ) and at the power
factor or To,9~ time cons~ant. stated in Table 5 or in Table H.3. The supplyeS shall be adjusted
to a prospective short-circuit current of 1 000 A, unless otherwise specified in the product
standard, at the rated operational voltage (Ve). The supply circuit shall have air-cored
reactors connected in ser ies with resistors to provide a power factor of 0,5 to 0,7. No damping
load shall be added parallel with the reactors . The open circuit voltage shall be 1,1 times the
maximum rated operational voltage of the switching element.

Prospective short-circuit
current

SCPD

Supply
S

Switching'
element
under test SCswilch

Figure H.3 - Short-circuit testing (see H.8.6.1)

The test shall be performed three times by randomly closing the "SC" switch . The test curr~nt

is maintained until the SCPO operates or in the case of self-protecting elements , for 30 min .

After each test the SCPO shall be replaced or reset. The interval between each of the three
tests shall be not less than 3 min . The actual time between tests shall be stated in the test
report.

H.8.6.2 Condition of the switching element after the test

Subclause 8.3 .4.4 applies.

H.8.7 Verification of electromagnetic compatibility

H.8.7.1 General

Emission and im munity tests are type tests and shall be carried out under the following
common conditions.

The switching element is mounted in free air connected to a load correspond ing to the rated
. . ' . ' d tional voltage (U ) or the maximumoperational current (Ie) and IS supplied with Its rate operaIe'

voltage of its voltage range .

The connecting leads shall be 2 m in length .

The tests shall be performed

a) with the sWitching element in the ON-state,

b) with the switchlnq element in the OFF-state.
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H.8.7.2 Immunity

H.8.7.2.1 General

Performance criteria are based on the acceptance criteria in Table 24 of lEG 60947-1 .

Performance criterion A: During the tests, the output state of the sWitching element shall not
change.

Performance criterion B: During the tests , the output state of the switchinq element shall not
change for more than 1 ms for d.c. devices or one half-wave of supply frequency for a.c.
devices .

Performance criterion G: Temporary degradation or loss of performance which is self
recoverable or requires system reset.

Table H.1 -Immunity tests

Type of test Test level required Acceptance
criteria

Electrostatic discharges 8 kV / air discharge
IEC 61000-4-2 or B

4 kV / contact discharge

Radiated radio-frequency electromagnetic fields 10V/m
(80 MHz to 1 GHz) A
IEC 61000-4-3

Electrical fast transients/bursts 2 kV on power ports I )
BIEC 61000-4-4 1 kV on signal ports 2)

Surges (1,2/50 f,s - 8120 liS) 2 kV (line to earth) BIEC 61000-4-5 ) 1 kV (line to line)

Conducted disturbances induced by radio-frequency 10 V
fields (150 kHz to 80 MHz) A
IEC 61000-4·6

Power.frequency magnetic fields JOA/m
AIEC 61000-4-8

Voltage dips and interruptions Reduction to 30 % UT for 0,5 cycle BIEC 61000-4-11 Reduction to 60 % UT for 5 and 50 cycles

Harmon ics in the supply No requirements ')
IEC 61000-4·13 -

'I Power port : the point at which a conductor or cable carrying the primary electrical power needed for the
operation of the switching element or associated equipment is connected.

21 Signal port : the point at which a conductor or cable carrying information for transferring data or signals is
connected to the switching element.

3) Not appl icable for ports with a rated voltage of 24 V d.c. or less .

' 1 Test levels are under study for the future .

H.8.7.2.2 Electrostatic discharges

The test shall be performed according to lEG 61000-4-2 and Table H.1.
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H.8.7.2.3 Radiated radio-frequency electromagnetic fields

The test shall be performed according to IEC 61000-4-3 and Table H.1.

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.

H.8.7.2.4 Electrical fast transients/bursts

The test shall be performed according to IEC 61000-4-4 and Table H.1, with the connecting
leads of the device placed in the capacitive coupling clamp.

NOTE The capacit ive coupling is the preferred test method because it simulates the disturbances present during
normal application as a result or parallel wires .

H.8.7.2.5 Surges

The test shall be performed according to IEC 61000-4-5 and Table H.1, with the following
additional requirements in order to simplify the test procedure without impairing the validity of
the verification of the EMC requ irements :

- the switching element is powered during the test.

- the impulse test shall be applied:

a) between terminals intended to be connected to the power supply;

b) between each output terminal and each terminal intended to be connected to the
power supply.

- Three pos itive and three negative impulses shall be applied between each two points at
intervals of not less than 5 s.

H.8.7.2.6 Conducted disturbances induced by radio-frequency fields

The test shall be performed according to IEC 61000-4-6 and Table H.1.

H.8.7.2.7 Power-frequency magnetic fields

The test shall be performed according to IEC 61000-4-8 and Table H.1.

Applicable only to equ ipment containing devices suscept ible to power-frequency magnetic
fields.

H.8.7.2.8 Voltage dips and interruptions

The test shall be performed according to IEC 61000-4-11 and Table H.1.

Applicable only to a.c. switching elements.

H.8.7.3 Emission

The test shall be performed under worst case conditions according to CISPR 11 Group 1,

Class A, and 7.3.3 .2 of IEC 60947-1 .
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These limits are given for switching elements exclusively intended for use in industrial
environment A. When they can be used in domestic environment 8 , the following notice shall
be included in the instructions for use:

NOTICE

This is a Class A product. In a domestic environment this product may cause radio
interference in which case the user may be required to take adequate measures .
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Annex J
(normative)

Special requirements for indicator lights and indicating towers

J.1 General

J.1.1 Scope

This annex applies to indicator lights and indicating towers , which shall also comply with the
relevant requ irements of this standard.

J.1.2 Object

This annex gives additional requ irements applicable to indicator lights , together with definitions
and terms useful for stating the requ ired character istics of design and performance.

J.2 Definitions

The following additional definitions are applicable:

J.2.1
Indicator light
light signal giving information either by lighting or extinguishing

J.2.2
lens of an indicator light
visible part, removable or not, constitut ing the surface intentionally made transparent or
translucent

J.2.3
bezel
holder of a lens

J.2.4
indicator light with a built-in voltage-reducing device . .
indicator light, the body of which contains a device (transformer, resistor, etc.) Intended to
supply, at the terminals of a lamp, a voltage different from the rated operational voltage of the
light

J.2.5
indicating tower
assembly including one or more signalling units giving information by visible or audible
signals

NOTE Other elements . e.g . network interface elements may be added .
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J.3 Classification

Indicator lights may be classified by:

- the rated electrical power ;

- the colour;

- the f ixing hole diameter;

- the means of connection;

_ the nature of the current applied and its frequency, if any (for example lights with built -in
transformers) ;

- the type of lamp socket.

J.4 Characteristics

J.4.1 Rated operational voltage of an indicator light

A value of voltage , assigned by the manufacturer which determines the application of the
indicator light.

J.4:2 Rated thermal power of an indicator light

The maximum lamp power which an indicator light is designed to tolerate under conditions
specified for the temperature-rise test.

NOTE As the power of the light has an effect on the temperature rise . it may be necessary to limi t the power
accord ing to the mounting conditions; the manufacturer of the indicator light may ass ign two values of rated power
($8e J .8.3.3 .3):

the rated power of the light for mounting on a steel plate ;

the rated power of the light for mounting in an insulating enclosure .

J.4.3 Rated values of the lamp

Rated value of the lamp(s) indicated by the manufacturer and with which' the ind icator ligh t
operates without attaining temperatures likely to damage its parts .

NOTE 1 Rated power and voltage may be indicated by a type designation.

NOTE 2 It is assumed that a lamp does not dissipate a power higher than its rated power at its rated voltage .

J.5 Product information

The applicable requirements are:

Items a) and b) of 5.1;

c) the following mark ings shall appear on the ind icator light:

1) rated voltage of the indicator light ;

2) rated voltage of the lamp (if different from the rated voltage of the ind icator light) .

3) rated power of the lamp or its type designation. or rated current for a LED .

J.6 Normal service, mounting and transport conditions

There are no supplementary requirements.
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The following mounting dimensions for the indicating tower sock t
e are recommended:

I-<D . 054 mm
. > _.- : ._ ' - .' ... /

" . '., . I ,

i i 'i ' \/ i V\i 05,5mm

-0- ------~- ------ ,--
. I
\. r I

'. I i
\ I "

, I ./' . ,... ........,._.Eb-.-=_ ._ .-/

J.7 Constructional and performance requirements

Clause 7 applies with the following additions:

J .7.1.12 Indicator lights with built-in transformers

The transformer shall have separate windings.

It is assumed that this condition is fulfilled if the indicator light passes the test descr ibed
in 8.3.3.4 .1.

J.7.1.13 Colour of the lens

It is recommended that the colour of the lens be chosen among those mentioned in IEC 60073
and also in Publ ication No.2 of the International Commission of Illumination (CIE).

The. cOlour shall rema in essentially unchanged in spite of the adverse influence of the
enVironment, including the effect of ultra-violet light.

Colours used for identification shall be bright and easily distinguishable.

NOTE. For indicating towers on machines, the fifth edition of IEC 60204.11) (under preparation) requires the
following sequence of colours from top down : red, yellow, blue. green and white.

J .7.2.1.6 limits of operation

The limiting value of the supply voltage at the terminals of the indicato~ light shall be. 1,1 times
the !ated operational voltage . This requirement is verified only for indicator lights with built-in
transformer according to J.8.3.4 .

J.7.2.5.1 Short-circuit withstandability of built-in transformer

The transformer shall be able to withstand permanently the short circuit of its secondary
Winding. It is assumed that th is condition is fulfilled if the indicator light passes the test
described in J.8.3.3.3.

1) IEC 80204-1, Safety of machinery _ Electrical equipment of machines - Part 1: Genera' requirements
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J.8 Tests

J.8.3 Tests for indicator lights and indicating towers

The tests are type tests . No additional test (routine test or special test) is prescribed in this
annex.

Each of the tests in J.8.3.3.3, J.8.3.3.4. J.8.3.4 and J.8.4 shall be made on new apparatus
mounted in accordance with the test instructions .

J.8.3 .3.3 Temperature-rise tests

a) If the indicator light has the same rated thermal power (see J.4 .2) regardless of mounting
conditions, a single test is made in an insulated enclosure.

b) If the rated thermal power (see J.4.2) is dependent on the mounting conditions, two tests
are made:

- on a steel plate, and

- in an insulated enclosure.

c) Mounting on a steel plate

Five indicator lights fitted with green lenses are fixed in accordance with the following
diagram on a steel plate 2 mm thick, painted mat black :

-f-)(~"----- -

2a

---t- -t--­
I i--
I I

Dimensions a and bare:

1) for indicator lights forming an integral part of a push-button range: in accordance
with 6.3.1.3;

2) for other .indicator lights: as stated by the manufacturer but the values used shall be
recorded In the test report . '

~h~ in.dicator li~hts are fitted with lamps as stated by the manufacturer and if any with built­
in 8;v~c;s suc as transformers, resistances, etc . The conductor sizes sh~1I be a's specified

The plate is located vertically on t bl d ' . . .
voltage The duration of the test Sh

a
II~ e an the indicator lights are supplied at their rated

a e such that a steady-state temperature is reached.
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d) Mounting in an insulating enclosure

The test described in item c) is carried out again with the indicator lights mounted into an
enclosure of insulat ing material , such as bakelite-coated paper 2 mm thick, the front face
of which has the same dimensions as the steel plate and the depth of which is 110 mm.
The ind icator lights are fitt ed with lamps and mounted as stated by the manufacturer for
this type of use ; they are suppl ied at their rated operational voltage .

The duration of the test shall be such that a steady-state temperature is reached.

e) Results to be obtained

At the end of each of the tests described in items c) and d) the temperatures are
measured:

- on the body of the indicator light;

- on the terminals ;

- on the accessible part of the lens .

f) For indicating towers, an arrangement of five visual signalling units shall be mounted in a
vertical pos ition . The upper three signalling units, or the maximum number stated by the
manufacturer if greater than three, shall be equipped with the maximum power lamp of
signalling units as stated by the manufacturer and powered at the rated voltage . After the
steady state temperature is reached, the temperature shall be measured on top of the
tower and on the lens of the centre element of the complete tower .

None of the corresponding temperature-rises shall exceed the limits referred to in 7.2.2 of
IEC 60947-1 .

J.8.3.3.4 Dielectric tests

8.3.3.4 applies.

J.8.3'.3.4.3 Indicator lights with built-in transformers

Two additional dielectric tests shall be made, the duration of each being 1 min:

- between the primary and secondary windings of the transformer with the test voltage value
specified in 8.3.3.4;

- between the secondary windings of the transformer and the frame of the indicator light
with a test voltage value of 1 000 V.

J.8.3.4 Short-circuit test (on built-in transformers, if any)

The test shall be made under the following conditions:

- primary voltage: 1,1 x Ue;

- ambient air terri perature: 20 ·C ± 5 ·C;

- duration of the test: 1 h.

The transformer shall be short-circuited by a conductor of negligible impedance .

h t former shall withstand the
After the test and after cooling to ambient temperature, t e rans
dIelectric test defined in J.8 .3.3 .4.3.
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J .8.4 Shock and vibration

J .8.4.1 Direct mounting

J .8.4.1.1 General

An indicating tower with five signalling units shall be mounted as stated by the manufacturer
without extension poles and the upper three units powered at the rated voltage.

The tests shall be performed as follows.

J .8.4.1.2 Shock

In accordance with IEC 60068-2-27 with the following conditions.

.>: Six shocks applied in each direction along three mutually perpendicular axes (a total of
36 shocks):

- pulse shape : half-sine ;

- peak acceleration: 15 gn;

- duration of the pulse : 11 ms.

J .8.4.1 .3 Vibration

In accordance with IEC 60068-2-6 with the following condit ions, along three mutually
perpendicular axes :

- frequency range : 10Hz to 55 Hz;

- amplitude: 0,5 mm;

- sweep cycle duration : 5 min;

- duration at resonant frequency or at 55 Hz: 30 min in each of the three axes (90 min in
total) .

J .8.4.2 Indirect support mounting

If the product literature includes other allowable mounting conditions (e.g. pole mounting) , the
manufacturer shall state the severity level for shock and vibration tests at wh ich the
requirements of J.8.4.3 are met.

J.8.4.3 Results to be obtained

After the tests, no visible damage shall be observed and the signalling shall not be impaired.

J .8.S Degree of protection for indicating towers

If the manufacturer declares a degree of protection, the test shall be conducted acco rding to
Annex C of IEC 60947-1 with all removable parts equipped as in normal serv ice.
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Annex K
(normative)

Special requirements for control switches
with direct opening action

K.1 General

K.1.1 Scope

This annex is appl icable to control switches with direct opening action .

All control switches with direct opening action shall also comply with the relevant require­
ments of the standard and, where applicable, to those given in Annexes F, G, Hand/or J.

K.1.2 Object

This annex gives additional requirements appl icable to control switches with direct opening
action, together w ith definitions and terms useful for stating the requ ired characteristics of
design and performance.

K.2 Definitions

The following additional definitions apply:

K.2.1
control switch with direct opening action
control switch hav ing one or more break-contact elements coupled to the switch actuator via
non-resilient members so that full contact opening of the break-contact element(s) is obta ined
when the actuator is moved through the direct opening trave l by apply ing the force stated by
the manufactu rer

K.2.2
direct opening action (of a contact element)
achievement of contact separation as the direct result of a specified movement of the switch
actuator through non-resilient members (for example not dependent upon springs)

K.2.3
direct opening travel . .
travel from the beginning of actuation of the actuator and the position when the direct opening
action of the opening contacts is completed

K.2.4
direct opening force (or moment) . '
actuation force, or actuating moment for a rotary control switch , applied to the actuator for the

direct opening action

75

 



ISlJEC 60947-5-1 : 2003

K.3 Classification

There are two types of control switches with direct open ing action :

Type 1: Having one contact element only , this contact element is a direct opening break­
contact element.

Type 2: Having one or more break -contact elements , and possibly , one or more make-contact
elements and/or one or more change-over contact elements. All break-contact elements
including the break part of change-over contact elements shall be direct opening
break -contact elements.

K.4 Characteristics

The following additional characteristics apply :

K.4.3 .1.2 Rated insulation voltage

The minimum value of the rated insulation voltage shall be 250 V.

K.4.3.2.1 Conventional free air thermal current

The minimum value of the conventional free air thermal current is 2,5 A.

K.4.4 Utilization categories for SWitching elements

The util ization categories shall be AC-15 or DC-13 .

NOTE Add itional utilization categories AC-14 and DC-14 are perm itted.

K.5 Product information

Clause 5 is applicable with the following additions :

K.5.2 Marking

K.5.2.7 Direct opening action

Every contact element with direct opening action shall be indelibly and legibly marked on the
outside by the symbol :

8
K.5.2.8 Electrical separation for change-over contact elements

Change-over contact elements with four terminals shall be indelibly and leg ibly marked with
the relevant form Za or Zb as stated in Figure 4.
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K.5.4 Additional information

K.5.4.1 Actuator travel and operating force

The manufacturer shall state the following :

a) the minimum direct opening travel;

b) the minimum force required to achieve direct opening action of all break contacts ;

c) the maximum travel including travel beyond the minimum travel position (i.e including
overtravel) ;

d) for limit switches only the maximum speed of actuation;

e) for limit switches only the maximum frequency of actuation .

These statements shall appear in the marking or on the circuit diagram or other documents
published by the manufacturers .

NOTE 1 See also K.7 .1 .5.3.

NOTE 2 Type 2 control switches may open with less travel than the direct opening travel stated by the
manufacturer.

K.5.4.2 Short-circuit protection

The type of short-circuit protective device shall be stated either as marking on the switch or in
the installation instructions.

K.6 Normal service, mounting and transport conditions

Clause 6 applies, with the following additions:

K.6.1.1 Ambient air temperature

Subclause 6.1.1 of IEC 60947-1 applies, except for position switches with direct opening
action, for which the upper and lower limits of temperature are respectively +70·C and
-25 ·C, and the average temperature, measured over a period of 24 h, does not exceed
+35 ·C.

NOTE The choice of the connecting conductors may, it necessary. be subject to agreement between manufacturer
and user (see note 1 of Table 2 ot 60947·1) .

K.7 Constructional and performance requirements

Clause 7 applies with the following additions :

K.7.1.4.3.1 Robustness of the actuating system

In order to have sufficient robustness, the actuating system shall pass the test described
in K.8.3.7 .

K.7.1.4.3.2 Directness of opening action

A control switch with direct open ing action shall pass the tests described in K.8.3.4. K.8.35
(in the case of a position switch with a direct opening action), and K.8.37 without any
deformation that would reduce the impulse voltage withstand across the contact gap
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K.7.1.4.5 Automatic opening of cable operated control switches

Cable operated control sw itches with direct open ing act ion shall return automatically to the
open position in case of failure of the cable or its anchorage.

K.7.1.4.6 Conditions for direct opening action (see 2.4 .10 of IEC 60947-1)

For parts of the travel that separates the contacts, there shall be a pos itive drive with no
resil ient member (for example spr ings) between the moving contacts and the point of the
actuator to which the actuating fo rce is applied.

K.7.1 .4.6.1 Contact element types

Control switches with direct open ing act ion may be provided with snap action or dependent
act ion contact elements.

The break-contact elements shall be electrically separated from each other and from the
operating make-contact elements.

When the control sw itch has form C or form Za change-over contact elements (see Figures
4 c) and 4 d»), only one contact element (make or break) shall be used. In the case of form Zb
change-over contact elements , both contacts may be used.

K.7.1.5.3 Actuator travel indication

In order to facil itate the setting up of the switch actuator in relation to the external operating
means, for example a cam , the switch may include means for indicating the minimum travel of
the actuator requ ired to ensure direct open ing action, for example by the provision of a mark
on the actuator plunger (see note 1, item a) of K.5.4 .1) .

K.8 Tests

In addition to clause 8, and Annex C, the following applies :

K.8 .3.1 Test sequences

Subclause 8.31 appl ies with the following add itions:

- Test sequence VII (sample No.7) - Mechanical operation of position sw itches wit h direct
opening act ion .

Test No.1 - Mechanical operation at limits of temperature (see K.8 .3.5) .

Test No 2 - Verification of direct open ing act ion (see K.8.3.6) .

Test sequence VIII (sample No.8)

Verification of robustness of the actuating system (see K.8 .3.7).

K.8.3.4 Performance under conditional short-circuit current

Subclause 8 3 4 app lies with the following add it ions :
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K.8.3.4.2.1 Verification of conditional short-circuit current

The test shall be made as stated in 8.3.4.2, except that the current is made by a positive
opening contact element and not by the add itional "witching device and the test is made on
each of the three devices by mak ing the current three times by the same contact element in a
single phase circuit.

For type 2 control sw itches, the contact element shall be chosen at random .

K.8.3.4.4.1 Operation ability after the test

After each test, the open ing contact element shall open by the application of the force stated
by the manufacture r through the positive open ing travel (see items a) and b) of K.54 .1) .

The open position of the contact element shall be verified by the appl ication of an impulse test
voltage of 2 500 V across the contact gap .

K.8.3.5 Verification of mechanical operation of position switches
at limits of temperature

This test applies only to position switches with direct opening action . The position switch shall
be conditioned at +70 ·C for 8 h.

At the end of the condit ioning period and at the same temperature, ttTe contacts shall be
loaded with the maximum rated operational current for 10 min . The contacts shall then
be operated 10 times by the application of the force stated by the manufacturer according to
item b) of K.5.4 .1.

The test shall be repeated after cond itioning at -25 ·C but without appl ication of the current.

After complet ion of this test, the open position of the contacts shall be verified according
to K.8 .3.6 .

K.8.3.6 Verification of direct opening action

When the position switch is in the pos ition corresponding to the direct open ing travel stated in
item a) of K.5 .4.1 , the contact gap shall withstand an impulse voltage of 2 500 V.

For position switches suitable for isolation, the value of the impulse withstand voltage shall be
in accordance with Table 14 of IEC 60947-1 corresponding to the rated impulse withstand
voltage Uimp declared by the manufacturer.

K.8.3.7 Verification of robustness of the actuating system

The closed break contact(s) shall be loaded with a force F, of 10 N (see Figure K.1) . A force
(moment) F2. higher than F1• stated by the manufacturer, shall be applied tc the actuator
through the direct opening travel.

After this test, the actuating system and/or contacts shall remain funct ional and shall
withstand an impulse test voltage in accordance with K.8.3.6.

For position switches suitable for isolation, the value of the impulse withstand voltage shall be
in accordance with Table 14 of IEC 60947-1 corresponding to the rated Impulse withsta nd
voltage Uimp declared by the manufacturer.
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F~ • Force (moment) suted by the manufacturer.

Figure K.1 - Verification of robustness of the actuating system
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Annex L
(normative)

Special requirements for mechanically linked contact elements

L.1 General

L.1 .1. Scope

This annex appl ies to mechanically linked auxiliary contact elements included in control circuit
devices where actuating force is provided internally, such as contactor-relays.

Linkage between the auxiliary and main contacts is not covered by this annex .

NOTE 1 A typical application of mechanicatty linked contact elements is e.g. self-monitoring in mach ine control
circuits.

NOTE 2 Mechanically linked contact elements have previously been referred to as forced contacts , positively
act ivated contacts , or linked contacts , or , in French : "contacts forces" or in German: ·ZwangsgefUhrte Kontakte" .

NOTE 3 Control circuit dev ices actuated externally (e.g. push-button or limit-switches) do not have an actuating
force lim ited to a maximum value (see l.8.4 a) 2», so they cannot have mechanically linked contact elements. For
such devices , safety appl ications generally use contacts with "direct opening action" (see Annex K).

L.1.2 Object

This annex provides additional specifications (definition , requirements and tests) which shall
be used for stating the required design cha racteristics, marking and performance of
mechanically linked contact elements.

L.2 Definition

The following additional definition applies :

L.2 .1
mechanically linked contact elements
combinat ion of n Make contact element{s) and m Break contact element(s) designed in such a
way that they cannot be in closed position simultaneously under cond itions defined in L.B.4

NOTE 1 One control circuit dev ice may have more than one group of mechanically li nked contact elements .

NOTE2 Seealsol.7.1 .9 ,

L.3 Classification

Clause 3 appl ies .

l.4 Characteristics

All mechanically linked contact elements shall also comply with the relevant requirements
given in this standard.
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L.5 Product information

Clause 5 applies with the following addition:

L.5.2.7 Mechanically linked contact elements identification and marking

Mechanically linked contact elements shall be clearly identified:

- on the control circuit device itself;

- or in the manufacturer's documentation ;

- or both.

The mechanical linkage shall be identified in circuit diagrams by a double parallel line
connecting a filled circle on each of the.mechanically linked contact symbols . An example is
given in Figure L.1.

rrr--
Figure L.1 - Example of representation of NO and NC contacts

which are mechanically linked and NC non-linked contact

If devices conta ining some or all mechanically linked contacts are marked, the symbol shown
in Figure L.2 shall be used.

Figure L.2 - Symbol for device containing mechanically linked contacts

L.6 Normal service, mounting and transport conditions

There are no supplementary requirements.

L.7 Constructional and performance requirements

Clause 7 applies with the following addition :

L.7.1.9 Requirements for mechanically linked contact elements

While any of the n Make contact element(s) is closed, none of the m Break contact element(s)
shall be closed .

Whi le any of the m Break contact element(s) is closed, none of the n Make contact element(s)
shall be closed .
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L.S Tests

Clause 8 applies with the following addition :

L.8.4 Special test for mechanically linked contact elements

This spec ial test shall be carried out on a sample of (m + n) products where m is the number
of break contact element(s} and n is the number of make contact element(s) .

A diffe rent sample is used for each test.

The tests shall be carried out on products in new and clean condition. The test procedure
shall be as follows:

a} Test of NC contact:

1} the NC contact element shall be maintained in the closed pos ition e.g. by welding or
gluing each point of contact (e.g. for double breaking contact, welding is done at the
two contacts points). The thickness of welding or gluing shall be such that the distance
between contacts is not mod ified by more than 0,02 mm ;

2} an actuating force shall be applied by energising the operating co il at 110% of its
rated voltage ;

3} while applying the force , an impulse test voltage of 2,5 kV (1,2/50 ps at sea level ;
correction should be made according to Table 12 of IEC 60947-1) shall be appl ied
across every NO contact. There shall be no disruptive discharge.

NOTE Th is test ensures a min imum gap of 0,5 mm in acco rdance with Table 13 of lEe 60947-1 .

b) Test of NO contact:

1) an actuating fo rce shall be appl ied by energ ising the operating coil at its rated voltage;

2} the NO contact element shall be maintained in the closed posit ion e.g. by weld ing or
gluing each point of contact (e.g . for double breaking contact, welding is done at the
two contacts points) . The thickness of welding or gluing shall be such that the distance
between contacts is not mod ified by more than 0,02 mm ;

3} an actuating force shall be appl ied by de-energising the operating coi l;

4} with the operating coil de-energised, an impulse test voltage of 2,5 kV (1,2/50 us at
sea level ; correction should be made according to Table 12 of IEC 60947-1) shall be
applied across every NC contact. There shall be no disruptive discharge.

NOTE This test ensures a min imum gap of 0.5 mm in accordance with Table 13 of lEe 60947-1 .
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