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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  

 
Part 4-1: Contactors and motor-starters –  

Electromechanical contactors and motor-starters 
 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 60947-4-1 has been prepared by subcommittee 17B: Low-voltage 
switchgear and controlgear, of IEC technical committee 17: Switchgear and controlgear. 

This third edition replaces the second edition published in 2000 and its Amendments 1 (2002) 
and 2 (2005). It is a technical revision. 

This edition includes the following significant technical changes with respect to the previous 
edition (2000) and its Amendments 1 (2002) and 2 (2005): 

• deletion of the test at –5 °C and +20 °C for thermal overload relays that are not 
compensated for ambient air temperature; 

• addition of conditions of the tests according to Annex Q of IEC 60947-1; 

• EMC tests: clarification of acceptance criteria and alignment with IEC 60947-1 for fast 
transient severity level; 

• Annex B, test for Icd: modification of the duration of the dielectric test voltage from 5 s to 
60 s; 
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• Annex B, electrical durability: improvement of the statistical aspects; 

• Annex H: clarification and introduction of new extended functions within electronic 
overload relays; 

• Annex K, procedure to determine data for electromechanical contactors used in functional 
safety applications: creation of this new annex. 

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

FDIS Report on voting 

17B/1674/FDIS 17B/1677/RVD 

Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

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

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

This standard shall be read in conjunction with IEC 60947-1, Low voltage switchgear and 
controlgear – Part 1: General rules. The provisions of the general rules are applicable to this 
standard, where specifically called for.  

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

• reconfirmed; 

• withdrawn; 

• replaced by a revised edition; or 

• amended. 

 

IMPORTANT – The “colour inside” logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this publication using a colour printer. 
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR –  
 

Part 4-1: Contactors and motor-starters –  
Electromechanical contactors and motor-starters 

 
 
 

1 Scope and object 

1.1 Scope 

This part of IEC 60947 applies to the types of equipment listed in 1.1.1 and 1.1.2 whose main 
contacts are intended to be connected to circuits the rated voltage of which does not exceed 
1 000 V a.c. or 1 500 V d.c. 

Starters and/or contactors dealt with in this standard are not normally designed to interrupt 
short-circuit currents. Therefore, suitable short-circuit protection (see 9.3.4) forms part of the 
installation but not necessarily of the contactor or the starter. 

In this context, this standard gives requirements for: 

– contactors associated with overload and/or short-circuit protective devices; 
– starters associated with separate short-circuit protective devices and/or with separate 

short-circuit and integrated overload protective devices; 
– contactors or starters combined, under specified conditions, with their own short-circuit 

protective devices. Such combinations, e.g. combination starters or protected starters are 
rated as units. 

For circuit-breakers and fuse-combination units used as short-circuit protective devices in 
combination starters and in protected starters, the requirements of IEC 60947-2 and 
IEC 60947-3 respectively apply. 

Equipment covered by this standard is as follows. 

1.1.1 AC and DC contactors 

AC and DC contactors intended for closing and opening electric circuits and, if combined with 
suitable relays (see 1.1.2), for protecting these circuits against operating overloads which 
may occur therein. 

NOTE For contactors combined with suitable relays and which are intended to provide short-circuit protection, the 
relevant conditions specified for circuit-breakers (IEC 60947-2) additionally apply. 

This standard applies also to the actuators of contactor relays and to the contacts dedicated 
exclusively to the coil circuit of a contactor. 

Contactors or starters with an electronically controlled electromagnet are also covered by this 
standard. 

1.1.2 AC motor-starters 

AC motor-starters intended to start and accelerate motors to normal speed, to ensure 
continuous operation of motors, to switch off the supply from the motor and to provide means 
for the protection of motors and associated circuits against operating overloads. 
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For overload relays for starters, including those based on electronic technology with or without 
extended functions according to Annex H, the requirements of this standard apply. 

1.1.2.1 Direct-on-line (full voltage) a.c. starters 

Direct-on-line starters intended to start and accelerate a motor to normal speed, to provide 
means for the protection of the motor and its associated circuits against operating overloads, 
and to switch off the supply from the motor. 

This standard applies also to reversing starters. 

1.1.2.2 Reduced voltage a.c. starters 

Reduced voltage a.c. starters intended to start and accelerate a motor to normal speed by 
connecting the line voltage across the motor terminals in more than one step or by gradually 
increasing the voltage applied to the terminals, to provide means for the protection of the 
motor and its associated circuits against operating overloads, and to switch off the supply 
from the motor. 

Automatic change-over devices may be used to control the successive switching operations 
from one step to the others. Such automatic change-over devices are, for example, time-delay 
contactor relays or specified time all-or-nothing relays, under-current devices and automatic 
acceleration control devices (see 5.10). 

1.1.2.2.1 Star-delta starters 

Star-delta starters intended to start a three-phase motor in the star connection, to ensure 
continuous operation in the delta connection, to provide means for the protection of the motor 
and its associated circuits against operating overloads, and to switch off the supply from the 
motor. 

The star-delta starters dealt with in this standard are not intended for reversing motors rapidly 
and, therefore, utilization category AC-4 does not apply. 

NOTE In the star connection, the current in the line and the torque of the motor are about one-third of the 
corresponding values for delta connection. Therefore, star-delta starters are used when the inrush current due to 
the starting is to be limited, or when the driven machine requires a limited torque for starting. Figure 1 indicates 
typical curves of starting current, of starting torque of the motor and of torque of the driven machine. 

1.1.2.2.2 Two-step auto-transformer starters 

Two-step auto-transformer starters, intended to start and accelerate an a.c. induction motor 
from rest with reduced torque to normal speed and to provide means for the protection of the 
motor and its associated circuits against operating overloads, and to switch off the supply 
from the motor. 

This standard applies to auto-transformers which are part of the starter or which constitute a 
unit specially designed to be associated with the starter. 

Auto-transformer starters with more than two steps are not covered by this standard. 

The auto-transformer starters dealt with in this standard are not intended for inching duty or 
reversing motors rapidly and, therefore, utilization category AC-4 does not apply. 

NOTE In the starting position, the current in the line and the torque of the motor related to the motor starting with 
rated voltage are reduced approximately as the square of the ratio (starting voltage):(rated voltage). Therefore, 
auto-transformer starters are used when the inrush current due to the starting is to be limited or when the driven 
machine requires a limited torque for starting. Figure 2 indicates typical curves of starting current, of starting 
torque of the motor and of torque of the driven machine. 
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1.1.2.3 Rheostatic rotor starters 

Starters intended to start an a.c. induction motor having a wound rotor by cutting out resistors 
previously inserted in the rotor circuit, to provide means for the protection of the motor against 
operating overloads and to switch off the supply from the motor. 

In the case of asynchronous slip-ring motors (wound-rotors), the highest voltage between 
open slip-rings is not greater than twice the rated insulation voltage of the switching devices 
inserted in the rotor circuit (see 5.3.1.1.2). 

NOTE This requirement is based on the fact that the electric stresses are less severe in the rotor than in the 
stator and are of short duration. 

This standard applies also to starters for two directions of rotation when reversal of 
connections is made with the motor stopped (see 5.3.5.5). Operations including inching and 
plugging necessitate additional requirements and are subject to agreement between 
manufacturer and user. 

This standard applies to resistors which are part of the starter or constitute a unit specially 
designed to be associated with the starter. 

1.2 Exclusions 

This standard does not apply to:  

– d.c. starters; 
– star-delta starters, rheostatic rotor starters, two-step auto-transformer starters intended for 

special applications and designed for continuous operation in the starting position; 
– unbalanced rheostatic rotor starters, i.e. where the resistances do not have the same 

value in all phases; 
– equipment designed not only for starting, but also for adjustment of speed; 
– liquid starters and those of the "liquid-vapour" type; 
– semiconductor contactors and starters making use of semiconductor contactors in the 

main circuit; 
– rheostatic stator starters; 
– contactors or starters designed for special applications; 
– auxiliary contacts of contactors and contacts of contactor relays. These are dealt with in 

IEC 60947-5-1. 

1.3 Object 

The object of this standard is to state: 

a) the characteristics of contactors and starters and associated equipment; 
b) the conditions applicable to contactors and starters with reference to: 

1) their operation and behaviour, 
2) their dielectric properties, 
3) the degrees of protection provided by their enclosures, where applicable, 
4) their construction; 

c) the tests intended for confirming that these conditions have been met, and the methods to 
be adopted for these tests; 

d) the information to be given with the equipment or in the manufacturer's literature. 
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2 Normative references 

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

IEC 60034-1:2004, Rotating electrical machines – Part 1: Rating and performance 

IEC 60085:2007, Electrical insulation – Thermal evaluation and designation 

IEC 60300-3-5:2001, Dependability management – Part 3-5: Application guide – Reliability 
test conditions and statistical test principles 

IEC 60410:1973, Sampling plans and procedures for inspection by attributes 

IEC 60947-1:2007, Low-voltage switchgear and controlgear – Part 1: General rules 

IEC 60947-2:2006, Low-voltage switchgear and controlgear – Part 2: Circuit-breakers 

IEC 60947-3:2008, Low-voltage switchgear and controlgear – Part 3: Switches, disconnectors, 
switch-disconnectors and fuse-combination units 

IEC 60947-5-1:2003, Low-voltage switchgear and controlgear – Part 5-1: Control circuit 
devices and switching elements – Electromechanical control circuit devices 

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

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) – Part 4-3: Testing and measure-
ment techniques – Radiated, radio-frequency, electromagnetic field immunity test  
Amendment 1 (2007) 

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

IEC 61000-4-5:2005, Electromagnetic compatibility (EMC) – Part 4-5: Testing and 
measurement techniques – Surge immunity test 

IEC 61000-4-6:2008, Electromagnetic compatibility (EMC) – Part 4-6:Testing and 
measurement techniques – Immunity to conducted disturbances, induced by radio-frequency 
fields 

IEC 61439-1:2009, Low-voltage switchgear and controlgear assemblies – Part 1: General 
rules 

IEC 61508 (all parts), Functional safety of electrical/electronic/programmable electronic 
safety-related systems 

IEC 61511 (all parts), Functional safety – Safety instrumented systems for the process 
industry sector 

IEC 61513:2001, Nuclear power plants –Instrumentation and control for systems important to 
safety – General requirements for systems 

IEC 61649:2008, Weibull analysis 

IEC 61810-1:2008, Electromechanical elementary relays – Part 1: General requirements 
(available in English only) 
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IEC 62061:2005, Safety of machinery – Functional safety of safety-related electrical, 
electronic and programmable electronic control systems 

CISPR 11:2003, Industrial, scientific and medical (ISM) radio-frequency equipment – 
Electromagnetic disturbance characteristics – Limits and methods of measurement  
Amendment 1 (2004)  
Amendment 2 (2006) 

ISO 13849-1:2006, Safety of machinery – Safety-related parts of control systems – Part 1: 
General principles for design 

3 Terms, definitions, symbols and abbreviations 

3.1 General 

For the purposes of this document, the terms and definitions of Clause 2 of IEC 60947-1, as 
well as the following terms, definitions, symbol and abbreviations apply. 

3.2 Alphabetical index of terms 
 Reference 

A 

auto-transformer starter .............................................................................................. 3.4.5.2 
C 

closed transition (with an auto-transformer starter or star-delta starter) ...................... 3.4.23 
combination starter ..................................................................................................... 3.4.8 
combination switching device...................................................................................... 3.4.27 
CO operation .............................................................................................................. 3.5.2 
contactor (mechanical)................................................................................................ 3.3.1 

D 

direct-on-line starter ................................................................................................... 3.4.2 
E 

electromagnetic contactor ........................................................................................... 3.3.2 
electromagnetic starter ............................................................................................... 3.4.10 
electronic overload relay with current imbalance detection .......................................... H.2.2 
electronic overload relay with ground/earth fault function ............................................ H.2.1 
electronic overload relay with phase reversal function................................................. H.2.4 
electronic overload relay with under power detection .................................................. H.2.6 
electronically energized coil of electromagnet ............................................................. 3.3.8 
electro-pneumatic contactor ........................................................................................ 3.3.4 
electro-pneumatic starter ............................................................................................ 3.4.13 

I 

inching (jogging) ......................................................................................................... 3.4.24 
inhibit current (Iic) ....................................................................................................... H.2.7 
inhibit time .................................................................................................................. 3.4.30 

J 

jam sensitive (electronic overload) relay ..................................................................... 3.4.29 
L 

latched contactor ........................................................................................................ 3.3.5 
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M 

manual starter............................................................................................................. 3.4.9 
mirror contact ............................................................................................................. F.2.1 
motor-operated starter ................................................................................................ 3.4.11 

N 

n-step starter .............................................................................................................. 3.4.16 

O 

O operation................................................................................................................. 3.5.3 
open transition (with an auto-transformer starter or star-delta starter) ......................... 3.4.22 

P 

phase loss sensitive thermal overload relay or release ............................................... 3.4.17 
plugging...................................................................................................................... 3.4.25 
pneumatic contactor ................................................................................................... 3.3.3 
pneumatic starter ........................................................................................................ 3.4.12 
position of rest (of a contactor) ................................................................................... 3.3.7 
protected starter ......................................................................................................... 3.4.7 
protected switching device .......................................................................................... 3.4.26 

R 

reduced voltage starter ............................................................................................... 3.4.5 
reversing starter ......................................................................................................... 3.4.3 
rheostatic rotor starter ................................................................................................ 3.4.6.2 
rheostatic starter......................................................................................................... 3.4.6 
reostatic stator starter ................................................................................................. 3.4.6.1 

S 

single-step starter ....................................................................................................... 3.4.14 
stall sensitive (electronic overload) relay .................................................................... 3.4.28 
star-delta starter ......................................................................................................... 3.4.5.1 
starter ......................................................................................................................... 3.4.1 
starting time (of a rheostatic starter) ........................................................................... 3.4.20 
starting time (of an auto-transformer starter) ............................................................... 3.4.21 

T 

transient recovery voltage (abbreviation: TRV)............................................................ 3.5.1 
two-direction starter .................................................................................................... 3.4.4 
two-step starter........................................................................................................... 3.4.15 

U 

under-current relay or release..................................................................................... 3.4.18 
under-voltage relay or release .................................................................................... 3.4.19 

V 

vacuum contactor (or starter) ...................................................................................... 3.3.6 

3.3 Terms and definitions concerning contactors 

3.3.1  
(mechanical) contactor  
mechanical switching device having only one position of rest, operated otherwise than by 
hand, capable of making, carrying and breaking currents under normal circuit conditions 
including operating overload conditions 

NOTE 1 Contactors may be designated according to the method by which the force for closing the main contacts 
is provided. 
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[IEV 441-14-33] 

NOTE 2 The term "operated otherwise than by hand" means that the device is intended to be controlled and kept 
in working position from one or more external supplies. 

NOTE 3 In French, a contactor the main contacts of which are closed in the position of rest is usually called a 
"rupteur". The word "rupteur" has no equivalent in the English language. 

NOTE 4 A contactor is usually intended to operate frequently. 

3.3.2  
electromagnetic contactor 
contactor in which the force for closing the normally open main contacts or opening the 
normally closed main contacts is provided by an electromagnet 

NOTE The electromagnet may be electronically controlled. 

3.3.3  
pneumatic contactor 
contactor in which the force for closing the normally open main contacts or opening the 
normally closed main contacts is provided by a device using compressed air, without the use 
of electrical means 

3.3.4  
electro-pneumatic contactor 
contactor in which the force for closing the normally open main contacts or opening the 
normally closed main contacts is provided by a device using compressed air under the control 
of electrically operated valves 

3.3.5  
latched contactor 
contactor, the moving elements of which are prevented by means of a latching arrangement 
from returning to the position of rest when the operating means are de-energized 

NOTE 1 The latching, and the release of the latching, may be mechanical, electromagnetic, pneumatic, etc. 

NOTE 2 Because of the latching, the latched contactor actually acquires a second position of rest and, according 
to the definition of a contactor, it is not, strictly speaking, a contactor. However, since the latched contactor in both 
its utilization and its design is more closely related to contactors in general than to any other classification of 
switching device, it is considered proper to require that it complies with the specifications for contactors wherever 
they are appropriate. 

[IEV 441-14-34] 

3.3.6  
vacuum contactor (or starter) 
contactor (or starter) in which the main contacts open and close within a highly evacuated 
envelope 

3.3.7  
position of rest (of a contactor) 
position which the moving elements of the contactor take up when its electromagnet or its 
compressed-air device is not energized 

[IEV 441-16-24] 

3.3.8  
electronically energized coil of electromagnet 
electromagnet in which the coil is energized by a circuit with active electronic elements 
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3.4 Terms and definitions concerning starters 

3.4.1  
starter 
combination of all the switching means necessary to start and stop a motor in combination 
with suitable overload protection 

[IEV 441-14-38, modified] 

3.4.2  
direct-on-line starter  
starter which connects the line voltage across the motor terminals in one step 

[IEV 441-14-40] 

3.4.3  
reversing starter 
starter intended to cause the motor to reverse the direction of rotation by reversing the motor 
primary connections while the motor may be running 

3.4.4  
two-direction starter 
starter intended to cause the motor to reverse the direction of rotation by reversing the motor 
primary connections only when the motor is not running 

3.4.5  
reduced voltage starter 
starter which connects the line voltage across the motor terminals in more than one step or by 
gradually increasing the voltage applied to the terminals 

3.4.5.1 
star-delta starter 
starter for a three-phase induction motor such that in the starting position the stator windings 
are connected in star and in the final running position they are connected in delta 

[IEV 441-14-44] 

3.4.5.2 
auto-transformer starter 
starter for an induction motor which uses for starting one or more reduced voltages derived 
from an auto-transformer 

[IEV 441-14-45] 

NOTE An auto-transformer is defined as follows in 3.1.2 of IEC 60076-1: “A transformer in which at least two 
windings have a common part." 

3.4.6  
rheostatic starter 
starter utilizing one or several resistors for obtaining, during starting, stated motor torque 
characteristics and for limiting the current 

[IEV 441-14-42] 

NOTE A rheostatic starter generally consists of three basic parts which may be supplied either as a composite 
unit or as separate units to be connected at the place of utilization: 

– the mechanical switching devices for supplying the stator (generally associated with an overload protective 
device); 

– the resistor(s) inserted in the stator or rotor circuit; 

– the mechanical switching devices for cutting out the resistor(s) successively. 
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3.4.6.1 
rheostatic stator starter 
rheostatic starter for a squirrel cage motor which, during the starting period, cuts out 
successively one or several resistors previously provided in the stator circuit 

3.4.6.2 
rheostatic rotor starter  
rheostatic starter for an asynchronous wound-rotor motor which, during the starting period, 
cuts out successively one or several resistors previously provided in the rotor circuit 

[IEV 441-14-43] 

3.4.7  
protected starter 
equipment consisting of a starter, a manually-operated switching device and a short-circuit 
protective device, rated as a unit by the manufacturer 

NOTE 1 The protected starter may or may not be enclosed. 

NOTE 2 In the context of this standard, the term “manufacturer“ means any person, company or organization with 
ultimate responsibility as follows: 

− to verify compliance with the appropriate standard; 

− to provide the product information according to Clause 6. 

NOTE 3 The manually operated switching device and the short-circuit protective device may be just one device 
and may also incorporate the starter overload protection. 

3.4.8  
combination starter (see Figure 3) 
equipment consisting of a protected starter incorporating an isolating function 

NOTE Also called "combination motor controller". 

3.4.9  
manual starter  
starter in which the force for closing the main contacts is provided exclusively by manual 
energy 

[IEV 441-14-39] 

3.4.10  
electromagnetic starter 
starter in which the force for closing the main contacts is provided by an electromagnet 

3.4.11  
motor-operated starter 
starter in which the force for closing the main contacts is provided by an electric motor 

3.4.12  
pneumatic starter 
starter in which the force for closing the main contacts is provided by using compressed air, 
without the use of electrical means 

3.4.13  
electro-pneumatic starter 
starter in which the force for closing the main contacts is provided by using compressed air 
under the control of electrically operated valves 
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3.4.14  
single-step starter 
starter in which there is no intermediate accelerating position between the OFF and ON 
positions 

NOTE This starter is a direct-on-line starter. 

3.4.15  
two-step starter 
starter in which there is only one intermediate accelerating position between the OFF and ON 
positions 

EXAMPLE A star-delta starter is a two-step starter. 

3.4.16  
n-step starter (see Figure 4)  
starter in which there are (n-1) intermediate accelerating positions between the OFF and ON 
positions 

[IEV 441-14-41] 

EXAMPLE A three-step rheostatic starter has two sections of resistors used for starting. 

3.4.17  
phase loss sensitive thermal overload relay or release 
multipole thermal overload relay or release which operates in the case of overload and also in 
case of loss of phase in accordance with specified requirements 

3.4.18  
under-current relay or release 
measuring relay or release which operates automatically when the current through it is 
reduced below a predetermined value 

3.4.19  
under-voltage relay or release 
measuring relay or release which operates automatically when the voltage applied to it is 
reduced below a predetermined value 

3.4.20  
starting time (of a rheostatic starter) 
period of time during which the starting resistors or parts of them carry current 

NOTE The starting time of a starter is shorter than the total starting time of the motor which also takes into 
account the last period of acceleration following the switching operation to the ON position. 

3.4.21  
starting time (of an auto-transformer starter) 
period of time during which the auto-transformer carries current 

NOTE The starting time of a starter is shorter than the total starting time of the motor which also takes into 
account the last period of acceleration following the switching operation to the ON position. 

3.4.22  
open transition (with an auto-transformer starter or star-delta starter) 
circuit arrangement such that the supply to the motor is interrupted and reconnected when 
changing over from one step to another 

NOTE The transition stage is not considered as an additional step. 
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3.4.23  
closed transition (with an auto-transformer starter or star-delta starter) 
circuit arrangement such that the supply to the motor is not interrupted (even momentarily) 
when changing over from one step to another 

NOTE The transition stage is not considered as an additional step. 

3.4.24  
inching (jogging) 
energizing a motor or solenoid repeatedly for short periods to obtain small movements of the 
driven mechanism 

3.4.25  
plugging 
stopping or reversing a motor rapidly by reversing the motor primary connections while the 
motor is running 

3.4.26  
protected switching device 
equipment (for non motor loads) consisting of a contactor or a semiconductor controller, 
overload protection, a manually operated switching device and a short-circuit protective 
device, rated as a unit by the manufacturer 

NOTE 1 The protected switching device may or may not be enclosed. 

NOTE 2 In the context of this standard, the term “manufacturer” means any person, company or organization with 
ultimate responsibility as follows: 

– to verify compliance with the appropriate standard; 

– to provide the product information according to Clause 6. 

NOTE 3 The manually operated switching device and the short-circuit protective device may be just one device 
and may incorporate the overload protection as well. 

3.4.27  
combination switching device 
equipment consisting of a protected switching device incorporating an isolating function 

3.4.28  
stall sensitive (electronic overload) relay 
electronic overload relay which operates when the current has not decreased below a 
predetermined value for a specific period of time during start-up or when the relay receives 
the input indicating there is no rotation of the motor after a predetermined time in accordance 
with specified requirements 

NOTE 1 Explanation of stall: rotor locked during start. 

NOTE 2 With appropriate adjustment of the current and starting time settings, such relay can be used to detect 
overtime starts. 

3.4.29  
jam sensitive (electronic overload) relay 
electronic overload relay which operates in the case of overload and also when the current 
has increased above a predetermined value for a specific period of time during operation, in  
accordance with specified requirements 

NOTE Explanation of jam: high overload occurring after the completion of starting which causes the current to 
reach the locked rotor current value of the motor being controlled. 

3.4.30  
inhibit time 
time-delay period during which the tripping function of the relay is inhibited (may be 
adjustable) 
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3.5 Terms and definitions concerning characteristic quantities 

3.5.1  
transient recovery voltage  
TRV 
recovery voltage during the time in which it has a significant transient character 

NOTE In a vacuum contactor or starter, the highest transient recovery voltage may occur on an other pole than 
the first pole to clear. 

[IEC 60947-1, 2.5.34, modified] 

3.5.2  
CO operation 
breaking of the circuit by the SCPD resulting from closing the circuit by the equipment under 
test 

3.5.3  
O operation 
breaking of the circuit by the SCPD resulting from closing the circuit on the equipment under 
test which is in the closed position  

NOTE The SCPD is normally in the closed position prior closing the circuit; in some cases the SCPD has to close 
the circuit (see 9.3.4.2.2, item b). 

3.6 Symbols and abbreviations 
AQL Acceptable quality level 
EMC Electromagnetic compatibility 
SCPD Short-circuit protective device 
Ic Current made and broken (Table 7) 
Ie Rated operational current (5.3.2.5) 
Ier Rated rotor operational current (5.3.2.7) 
Ies Rated stator operational current (5.3.2.6) 
Iic Inhibit current (H.2.7) 
Ith Conventional free air thermal current (5.3.2.1) 
Ithe Conventional enclosed thermal current (5.3.2.2) 
Ithr Conventional rotor thermal current (5.3.2.4) 
Iths Conventional stator thermal current (5.3.2.3) 
Iu Rated uninterrupted current (5.3.2.8) 
Tp Tripping time (Table 2) 
Uc Rated control circuit voltage (5.5) 
Ue Rated operational voltage (5.3.1.1) 
Uer Rated rotor operational voltage (5.3.1.1.2) 
Ues Rated stator operational voltage (5.3.1.1.1) 
Ui Rated insulation voltage (5.3.1.2) 
Uimp Rated impulse withstand voltage (5.3.1.3) 
Uir Rated rotor insulation voltage (5.3.1.2.2) 
Uis Rated stator insulation voltage (5.3.1.2.1) 
Ur Power frequency or d.c. recovery voltage (Table 7) 
Us Rated control supply voltage (5.5) 
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4 Classification 

Subclause 5.2 gives all the data which may be used as criteria for classification. 

5 Characteristics of contactors and starters 

5.1 Summary of characteristics 

The characteristics of a contactor or starter shall be stated in the following terms, where such 
terms are applicable: 

– type of equipment (5.2); 
– rated and limiting values for main circuits (5.3); 
– utilization category (5.4); 
– control circuits (5.5); 
– auxiliary circuits (5.6); 
– types and characteristics of relays and releases (5.7); 
– co-ordination with short-circuit protective devices (5.8); 
– types and characteristics of automatic change-over devices and automatic acceleration 

control devices (5.10); 
– types and characteristics of auto-transformers for two-step auto-transformer starters 

(5.11); 
– types and characteristics of starting resistors for rheostatic rotor starters (5.12). 

5.2 Type of equipment 

The following shall be stated (see also Clause 6). 

5.2.1 Kind of equipment 
– contactor; 
– direct-on-line a.c. starter; 
– star-delta starter; 
– two-step auto-transformer starter; 
– rheostatic rotor starter; 
– combination or protected starter. 

5.2.2 Number of poles 

5.2.3 Kind of current (a.c. or d.c.) 

5.2.4 Interrupting medium (air, oil, gas, vacuum, etc.) 

5.2.5 Operating conditions of the equipment 

5.2.5.1 Method of operation 

For example: manual, electromagnetic, motor-operated, pneumatic, electro-pneumatic. 

5.2.5.2 Method of control 

For example: 

– automatic (by pilot switch or sequence control); 
– non-automatic (such as by hand operation or by push-buttons); 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Full document details: IEC 60947-4-1 2009

http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009


60947-4-1 © IEC:2009 – 21 – 

 

– semi-automatic (i.e. partly automatic, partly non-automatic). 

5.2.5.3 Method of change-over for particular types of starters 

The change-over for star-delta starters, rheostatic rotor starters or auto-transformer starters 
may be automatic, non-automatic or semi-automatic (see Figures 4 and 5). 

5.2.5.4 Method of connecting for particular types of starters 

For example: open transition starter, closed transition starter (see Figure 5). 

5.3 Rated and limiting values for main circuits 

The rated values established for a contactor or starter shall be stated in accordance with 
5.3.1 to 5.4, and 5.8 and 5.9, but it may not be necessary to specify all the values listed. 

NOTE The rated values established for a rheostatic rotor starter are stated in accordance with 5.3.1.2, 5.3.2.3, 
5.3.2.4, 5.3.2.6, 5.3.2.7 and 5.3.5.5 but it is not necessary to specify all the values listed. 

5.3.1 Rated voltages 

A contactor or starter is defined by the following rated voltages. 

5.3.1.1 Rated operational voltage (Ue) 

Subclause 4.3.1.1 of IEC 60947-1 applies. 

5.3.1.1.1 Rated stator operational voltage (Ues) 

For rheostatic rotor starters, a rated stator operational voltage is a value of voltage which, 
when combined with a rated stator operational current, determines the application of the 
stator circuit including its mechanical switching devices and to which are referred the making 
and breaking capacities, the type of duty and the starting characteristics. In no case shall the 
maximum rated operational voltage exceed the corresponding rated insulation voltage. 

NOTE The rated stator operational voltage is expressed as the voltage between phases. 

5.3.1.1.2 Rated rotor operational voltage (Uer) 

For rheostatic rotor starters, the value of rated rotor operational voltage is that of the voltage 
which, when combined with a rated rotor operational current, determines the application of the 
rotor circuit including its mechanical switching devices and to which are referred the making 
and breaking capacities, the type of duty and the starting characteristics. 

This voltage is taken as equal to the voltage measured between slip-rings, with the motor 
stopped and the rotor open-circuited, when the stator is supplied at its rated voltage. 

The rated rotor operational voltage is only applied for a short duration during the starting 
period. For this reason, it is permissible that the rated rotor operational voltage exceed the 
rated rotor insulation voltage by 100 %. 

The maximum voltage between the different live parts (e.g. switching devices, resistors, 
connecting parts, etc.) of the rotor circuit of the starter will vary and account may be taken of 
this fact in choosing the equipment and its disposition. 

5.3.1.2 Rated insulation voltage (Ui) 

Subclause 4.3.1.2 of IEC 60947-1 applies. 
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5.3.1.2.1 Rated stator insulation voltage (Uis) 

For rheostatic rotor starters, the rated stator insulation voltage is the value of voltage which is 
designated for the devices inserted in the stator supply, as well as the unit they are part of, 
and to which dielectric tests and creepage distances are referred. 

Unless otherwise stated, the rated stator insulation voltage is the value of the maximum rated 
stator operational voltage of the starter. 

5.3.1.2.2 Rated rotor insulation voltage (Uir) 

For rheostatic rotor starters, the rated rotor insulation voltage is the value of voltage which is 
designated to the devices inserted in the rotor circuit, as well as the unit they are part of 
(connecting links, resistors, enclosure), and to which dielectric tests and creepage distances 
are referred. 

5.3.1.3 Rated impulse withstand voltage (Uimp) 

Subclause 4.3.1.3 of IEC 60947-1 applies. 

5.3.1.4 Rated starting voltage of an auto-transformer starter 

The rated starting voltage of an auto-transformer starter is the reduced voltage derived from 
the transformer. 

Preferred values of rated starting voltage are 50 %, 65 % or 80 % of the rated operational 
voltage. 

5.3.2 Currents or powers 

A contactor or a starter is defined by the following currents. 

NOTE In the case of a star-delta starter, these currents relate to the delta connection and, in the case of a two-
step auto-transformer or rheostatic rotor starter, to the ON position. 

5.3.2.1 Conventional free air thermal current (Ith) 

Subclause 4.3.2.1 of IEC 60947-1 applies. 

5.3.2.2 Conventional enclosed thermal current (Ithe) 

Subclause 4.3.2.2 of IEC 60947-1 applies. 

5.3.2.3 Conventional stator thermal current (Iths) 

The conventional stator thermal current of a starter may be either free air current Iths or 
enclosed current Ithes, in line with 5.3.2.1 and 5.3.2.2. 

For a rheostatic rotor starter, the stator thermal current is the maximum current it can carry on 
eight-hour duty (see 5.3.4.1) without the temperature rise of its several parts exceeding the 
limits specified in 8.2.2 when tested in accordance with 9.3.3.3. 

5.3.2.4 Conventional rotor thermal current (Ithr) 

The conventional rotor thermal current of a starter may be either free air current Ithr or 
enclosed current Ither, in line with 5.3.2.1 and 5.3.2.2. 

For rheostatic rotor starters, the rotor thermal current is the maximum current that those parts 
of the starter through which the rotor current flows in the ON position, precisely after cutting 
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out resistors, can carry on eight-hour duty (see 5.3.4.1) without their temperature rise 
exceeding the limits specified in 8.2.2 when tested in accordance with 9.3.3.3. 

NOTE 1 For those elements (switching devices, connecting links, resistors) through which a current of practically 
no value flows in the ON position, it should be verified that, for the rated duties (see 5.3.4) stated by the 
manufacturer, the value of integral 

 ∫
t

0

i 
2

 dt  

does not lead to temperature rises higher than those appearing in 8.2.2. 

NOTE 2 When resistors are built-in into the starter, the temperature rise should be taken into account. 

5.3.2.5 Rated operational currents (Ie) or rated operational powers 

A rated operational current of a contactor or a starter is stated by the manufacturer and takes 
into account the rated operational voltage (see 5.3.1.1), the conventional free air or enclosed 
thermal current, the rated current of the overload relay, the rated frequency (see 5.3.3), the 
rated duty (see 5.3.4), the utilization category (see 5.4) and the type of protective enclosure, 
if any. 

In the case of equipment for direct switching of individual motors, the indication of a rated 
operational current may be replaced or supplemented by an indication of the maximum rated 
power output, at the rated operational voltage considered, of the motor for which the 
equipment is intended. The manufacturer shall be prepared to state the relationship assumed 
between the current and the power. 

NOTE Annex G gives values concerning the relationship between rated operational currents and rated operational 
powers. 

For starters, the rated operational current (Ie ) is the current in the ON position of the starter. 

5.3.2.6 Rated stator operational current (Ies) or rated stator operational power 

For rheostatic rotor starters, a rated stator operational current is stated by the manufacturer 
and takes into account the rated current of the overload relay installed in this starter, the 
rated stator operational voltage (see 5.3.1.1.1), the conventional free air or enclosed thermal 
current, the rated frequency (see 5.3.3), the rated duty (see 5.3.4), the starting characteristics 
(see 5.3.5.5) and the type of protective enclosure. 

The indication of a rated stator operational current may be replaced by the indication of the 
maximum rated power output, at the rated stator operational voltage considered, of the motor 
for which the stator elements of the starter are intended. The manufacturer shall be prepared 
to state the relationship assumed between the motor power and the stator current. 

5.3.2.7 Rated rotor operational current (Ier) 

For rheostatic rotor starters, a rated rotor operational current is stated by the manufacturer 
and takes into account the rated rotor operational voltage (see 5.3.1.1.2), the conventional 
free air or enclosed rotor thermal current, the rated frequency (see 5.3.3), the rated duty 
(see 5.3.4), the starting characteristics (see 5.3.5.5) and the type of protective enclosure. 

It is taken as equal to the current flowing in the connections to the rotor when the latter is 
short-circuited and the motor is running at full load and the stator is supplied at its rated 
voltage and rated frequency. 

When the rotor part of a rheostatic rotor starter is rated separately, the indication of a rated 
rotor operational current may be supplemented by the maximum rated power output, for 
motors having the rated rotor operational voltage considered, of the motor for which that part 
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of the starter (switching devices, connecting links, relays, resistors) is intended. This power 
varies in particular with the breakaway torque foreseen and consequently takes into account 
the starting characteristics (see 5.3.5.5). 

5.3.2.8 Rated uninterrupted current (Iu) 

Subclause 4.3.2.4 of IEC 60947-1 applies. 

5.3.3 Rated frequency 

Subclause 4.3.3 of IEC 60947-1 applies. 

5.3.4 Rated duties 

Subclause 4.3.4 of IEC 60947-1 applies. 

5.3.4.1 Eight-hour duty (continuous duty) 

Subclause 4.3.4.1 of IEC 60947-1 applies with the following addition. 

For a star-delta starter, a two-step auto-transformer starter or a rheostatic rotor-starter, the 
continuous duty is the duty in which the starter is in the ON position and the main contacts of 
the switching devices which constitute it, which are closed in this position, remain closed 
while each of them carries a steady current long enough for the starter to reach thermal 
equilibrium, but not for more than 8 h without interruption. 

5.3.4.2 Uninterrupted duty 

Subclause 4.3.4.2 of IEC 60947-1 applies with the following addition. 

For a star-delta starter, a two-step auto-transformer starter or a rheostatic rotor starter, the 
uninterrupted duty is the duty in which the starter is in the ON position and the main contacts 
of the switching devices which constitute it, which are closed in this position, remain closed 
without interruption while each of them carries a steady current for periods of more than 8 h 
(weeks, months or even years). 

5.3.4.3 Intermittent periodic duty or intermittent duty 

Subclause 4.3.4.3 of IEC 60947-1 applies with the following addition. 

For a reduced voltage starter, the intermittent duty is the duty in which the starter is in the ON 
position and the main contacts of the switching devices which constitute it remain closed for 
periods bearing a definite relation to the no-load periods, both periods being too short to allow 
the starter to reach thermal equilibrium. 

Preferred classes of intermittent duty are: 

– for contactors: 1, 3, 12, 30, 120, 300 and 1 200 (operating cycles per hour); 
– for starters: 1, 3, 12 and 30 (operating cycles per hour). 

It is recalled that an operating cycle is a complete working cycle comprising one closing 
operation and one opening operation. 

For starters, an operating cycle comprises starting, running to full speed and switching off the 
supply from the motor. 

NOTE In the case of starters for intermittent duty, the difference between the thermal time-constant of the 
overload relay and that of the motor may render a thermal relay unsuited for overload protection. It is 
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recommended that, for installations intended for intermittent duty, the question of overload protection be subject to 
agreement between manufacturer and user. 

5.3.4.4 Temporary duty 

Subclause 4.3.4.4 of IEC 60947-1 applies. 

5.3.4.5 Periodic duty 

Subclause 4.3.4.5 of IEC 60947-1 applies. 

5.3.5 Normal load and overload characteristics 

Subclause 4.3.5 of IEC 60947-1 applies with the following additions. 

5.3.5.1 Ability to withstand motor switching overload currents 

Requirements to meet these conditions are given for contactors in 8.2.4.4. 

5.3.5.2 Rated making capacity 

Requirements for the various utilization categories (see 5.4) are given in 8.2.4.1. The rated 
making and breaking capacities are only valid when the contactor or the starter is operated in 
accordance with the requirements of 8.2.1.1 and 8.2.1.2. 

5.3.5.3 Rated breaking capacity 

Requirements for the various utilization categories (see 5.4) are given in 8.2.4.1. The rated 
making and breaking capacities are only valid when the contactor or the starter is operated in 
accordance with the requirements of 8.2.1.1 and 8.2.1.2. 

5.3.5.4 Conventional operational performance 

This performance is specified as a series of making and breaking operations in 8.2.4.2. 

5.3.5.5 Starting and stopping characteristics of starters (see Figure 6) 

Typical service conditions for starters are: 

a) one direction of rotation with the motor being switched off during running in normal service 
conditions (utilization categories AC-2 and AC-3); 

b) two directions of rotation, but the running in the second direction is realized after the 
starter has been switched off and the motor has completely stopped (utilization categories 
AC-2 and AC-3); 

c) one direction of rotation, or two directions of rotation as in item b), but with the possibility 
of infrequent inching (jogging). For this service condition, direct-on-line starters are 
usually employed (utilization category AC-3); 

d) one direction of rotation with frequent inching (jogging). Usually direct-on-line starters 
(utilization category AC-4) are used for this duty; 

e) one or two directions of rotation, but with the possibility of infrequent plugging for stopping 
the motor, plugging being associated, if so provided, with rotor resistor braking (reversing 
starter with braking). Usually a rheostatic rotor starter is used for this duty condition 
(utilization category AC-2); 

f) two directions of rotation, but with the possibility of reversing the supply connections to the 
motor while it is running in the first direction (plugging), in order to obtain its rotation in the 
other direction, with switching off the motor running in normal service conditions. Usually a 
direct-on-line reversing starter is used for this duty condition (utilization category AC-4). 
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Unless otherwise stated, starters are designed on the basis of the starting characteristics of 
the motors compatible with the making capacities of Table 7. These making capacities cover 
both the transient and steady-state starting currents of the great majority of standard motors. 
However, the starting currents for some large motors may attain peak values corresponding to 
power factors considerably lower than those specified for the test circuit in Table 7. In these 
cases, the operational current of the contactor or starter should be decreased to a value lower 
than its rated value such that the making capacity of the contactor or starter is not exceeded. 

5.3.5.5.1 Starting characteristics of rheostatic rotor starters 

A distinction shall be drawn between the currents and voltages in the stator and rotor circuits 
of slip-ring motors. However, the changes of the current values in stator and rotor circuits, 
caused by the various steps of the starting process, are nearly proportional under normal 
operating conditions. 

The following definitions deal mainly with the characteristics of the rotor circuit: 

Uer is the rated rotor operational voltage; 
Ier is the rated rotor operational current; 
Zr is the characteristic impedance of the rotor of an a.c. slip-ring induction motor; 

where 

er

er
r

I 3

U
  

×
=Z ; 

I1 is the current in the rotor circuit immediately before shorting out a resistor section; 
I2 is the current in the rotor circuit immediately after shorting out a resistor section; 
Im = 1/2 (I1 + I2); 
Te is the rated motor operational torque; 
ts is the starting time; 

k is the severity of start = 
er

m
I
I

. 

It is recognized that many rheostatic rotor starter applications have very specific starting 
requirements which may result not only in a different number of starting steps and different 
values of I1 and I2, but also in the values of I1 and I2 being different for individual resistor 
sections. Therefore, no attempt has been made to lay down standard parameters, but the 
following factors should be taken into consideration: 

– for most applications, between two and six starting steps are adequate depending upon 
load torque, inertia and the severity of start required; 

– the resistor sections should be designed to have adequate thermal ratings bearing in mind 
the starting time of the drive, which will be dependent upon load torque and load inertia. 

5.3.5.5.2 Standard conditions for making and breaking corresponding to 
the starting characteristics for rheostatic rotor starters 

These conditions are given in Table 7 and apply to starting with high torque. (For the 
designation of the mechanical switching devices, see Figure 4.) 

NOTE Conditions for starting with full torque and half torque are under consideration. 

The conditions for making and breaking as given in Table 7 for AC-2 utilization category are 
considered as standard. 
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The starter circuit shall be designed to open all rotor resistor switching devices before or 
approximately simultaneously with the opening of the stator switching device. Otherwise, the 
stator switching device shall comply with AC-3 requirements. 

5.3.5.5.3 Starting characteristics for two-step auto-transformer starters 

Unless otherwise stated, the auto-transformer starters and specifically the auto-transformers 
are designed on the condition that the starting time for all classes of duty (see 5.3.4) shall not 
exceed 15 s. The number of starting cycles per hour assumes equal periods between starts 
except that, in the event of two operating cycles being made in rapid succession, the starter 
and the auto-transformer shall be allowed to cool to ambient air temperature before a further 
start is made. 

When a starting time in excess of 15 s is required, this shall be the subject of agreement 
between manufacturer and user. 

5.3.6 Rated conditional short-circuit current 

Subclause 4.3.6.4 of IEC 60947-1 applies. 

5.4 Utilization category 

5.4.1 General 

Subclause 4.4 of IEC 60947-1 applies with the following additions. 

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

Each utilization category is characterized by the values of the currents, voltages, power-
factors or time-constants and other data of Table 7 and Table 10, and by the test conditions 
specified in this standard. 

For contactors or starters defined by their utilization category, it is therefore unnecessary to 
specify separately the rated making and breaking capacities as these values depend directly 
on the utilization category as shown in Table 7. 

The voltage for all utilization categories is the rated operational voltage of a contactor or a 
starter other than a rheostatic rotor starter, and the rated stator operational voltage for a 
rheostatic rotor starter. 

All direct-on-line starters belong to one or more of the following utilization categories: AC-3, 
AC-4, AC-7b, AC-8a and AC-8b. 

All star-delta and two-step auto-transformer starters belong to utilization category AC-3. 

Rheostatic rotor starters belong to utilization category AC-2. 

5.4.2 Assignment of utilization categories based on the results of tests 
a) A contactor or starter which has been tested for one utilization category or at any 

combination of parameters (such as highest operational voltage and current, etc.) can be 
assigned other utilization categories without testing, provided that the test currents, 
voltages, power-factors or time-constants, number of operating cycles, on and off times 
given in Table 7 and Table 10, and the test circuit for the assigned utilization categories 
are not more severe than those at which the contactor or starter has been tested and the 
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temperature rise has been verified at a current not less than the highest assigned rated 
operational current in continuous duty. 

 For example, when tested for utilization category AC-4, a contactor may be assigned 
utilization category AC-3 provided Ie for AC-3 is not higher than 1,2 le for AC-4 at the same 
rated operational voltage. 

b) DC-3 and DC-5 contactors are assumed to be capable of opening and closing loads other 
than those on which they have been tested provided that: 
– the voltage and current do not exceed the specified values of Ue and Ie; 
– the energy J stored in the actual load is equal to or less than the energy Jc stored in 

the load with which they were tested. 

The values of the energy stored in the test circuit are as follows: 

Utilization category Stored energy Jc  

DC-3 

DC-5 

0,005 25 × Ue × Ie  

0,031 5 × Ue × Ie  

 
The values of the constants 0,005 25 and 0,031 5 are derived from: 

Jc = 1/2 LI2  

where the time-constant has been replaced by: 

2,5 × 10–3 s (DC-3) and: 

15 × 10–3 s (DC-5) 

and where U = 1,05 Ue, I = 4 Ie and L is the inductance of the test circuit. 

(See Table 7 of this standard.) 
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Table 1 – Utilization categories 

Kind of 
current 

Utilization 
categories 

Additional 
category 

designation 
Typical applications 

AC-1 General use Non-inductive or slightly inductive loads, resistance furnaces 

AC-2  Slip-ring motors: starting, switching off 

AC-3  Squirrel-cage motors: starting, switching off motors during 
runninga 

AC-4  Squirrel-cage motors: starting, plugging, inching 

AC-5a Ballast Switching of electric discharge lamp controls 

AC-5b Incandescent Switching of incandescent lamps 

AC-6a  Switching of transformers 

AC-6b  Switching of capacitor banks 

AC-7ac  Slightly inductive loads in household appliances and similar 
applications 

AC-7bc  Motor-loads for household applications 

AC-8a  Hermetic refrigerant compressor motorb control with manual 
resetting of overload releases 

AC 

AC-8b  Hermetic refrigerant compressor motorb control with automatic 
resetting of overload releases 

DC-1  Non-inductive or slightly inductive loads, resistance furnaces 

DC-3  Shunt-motors: starting, plugging, inching 

Dynamic breaking of d.c. motors 

DC-5  Series-motors: starting, plugging, inching 

Dynamic breaking of d.c. motors 

DC 

DC-6 Incandescent Switching of incandescent lamps 

a AC-3 category may be used for occasional inching (jogging) or plugging for limited time periods such as 
machine set-up; during such limited time periods, the number of such operations should not exceed five per 
minute or more than ten in a 10-min period. 

b A hermetic refrigerant compressor motor is a combination consisting of a compressor and a motor, both of 
which are enclosed in the same housing, with no external shaft or shaft seals, the motor operating in the 
refrigerant. 

c For AC-7a and AC-7b, see IEC 61095. 

 

5.5 Control circuits 

Subclause 4.5 of IEC 60947-1 applies; moreover for an electronically controlled 
electromagnet, 4.5.1 of IEC 60947-1 applies with the following addition. 

The electronic part may form an integral part or a separate part provided it is an intrinsic 
function of the device. In both cases, the device shall be tested with this electronic part 
mounted as in normal use. 

The characteristics of electronic control circuits are as follows: 

− type of current; 

− power consumption; 

− rated frequency (or d.c.); 

− rated control circuit voltage, Uc (nature: a.c./d.c.); 

− rated control supply voltage, Us (nature: a.c./d.c.); 
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− nature of external control circuit devices (contacts, sensors, optocouplers, electronic 
active components, etc). 

Annex E gives examples and illustrations of different circuit configurations. 

NOTE A distinction is made between the control circuit voltage Uc, which is the controlling input signal, and the 
control supply voltage Us, which is the voltage applied to energize the power supply terminals of the control circuit 
equipment and may be different from Uc due to the presence of built-in transformers, rectifiers, resistors, electronic 
circuitry, etc. 

5.6 Auxiliary circuits 

Subclause 4.6 of IEC 60947-1 applies. 

Digital inputs and/or digital outputs contained in contactors and motor-starters, and intended 
to be compatible with PLCs shall fulfil the requirements of Annex S of IEC 60947-1. 

5.7 Characteristics of relays and releases (overload relays) 

NOTE In the remainder of this standard, the words "overload relay" will be taken to apply equally to an overload 
relay or an overload release, as appropriate. 

5.7.1 Summary of characteristics 

The characteristics of relays and releases shall be stated in the following terms, whenever 
applicable: 

– types of relay or release (see 5.7.2); 
– characteristic values (see 5.7.3); 
– designation and current settings of overload relays (see 5.7.4); 
– time-current characteristics of overload relays (see 5.7.5); 
– influence of ambient air temperature (see 5.7.6). 

5.7.2 Types of relay or release 
a) Release with shunt coil (shunt trip). 
b) Under-voltage and under-current opening relay or release. 
c) Overload time-delay relay the time-lag of which is: 

1) substantially independent of previous load; 
2) dependent on previous load; 
3) dependent on previous load and also sensitive to phase loss. 

d) Instantaneous over-current relay or release (e.g. jam sensitive). 
e) Other relays or releases (e.g. control relay associated with devices for the thermal 

protection of the motor). 
f) Stall relay or release. 

5.7.3 Characteristic values 
a) Release with shunt coil, under-voltage (under-current), over-voltage (instantaneous over 

current), current or voltage imbalance and phase reversal opening relay or release: 

− rated voltage (current); 

− rated frequency; 

− operating voltage (current); 

− operating time (when applicable); 

− inhibit time (when applicable). 
b) Overload relay: 
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− designation and current settings (see 5.7.4); 

− rated frequency, when necessary (for example in the case of a current transformer 
operated overload relay); 

− time-current characteristics (or range of characteristics), when necessary; 

− trip class according to classification in Table 2, or the value of the maximum tripping 
time, in seconds, under the conditions specified in 8.2.1.5.1, Table 3, column D, when 
this time exceeds 40 s; 

− nature of the relay: thermal, magnetic, electronic or electronic without thermal memory 
(electronic relay not fulfilling the thermal memory test verification according 8.2.1.5.1.2 

shall be marked  Thm ); 

− nature of the reset: manual and/or automatic; in case of combination manual or 
automatic-reset, the set position shall be indicated; 

− tripping time of overload relays class 10A if longer than 2 min at –5 °C or below (see 
8.2.1.5.1.1, item c). 

c) Release with residual current sensing relay: 

− rated current; 

− operating current; 

− operating time or time-current characteristic according to Table H.1; 

− inhibit time (when applicable); 

− type designation (see Annex H). 
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Table 2 – Trip classes of overload relays 

Trip class Tripping time Tp under the conditions 
specified in 8.2.1.5.1,  
Table 3, column D a 

 

s 

Tripping time Tp under the conditions 
specified in 8.2.1.5.1,  

Table 3, column D for tighter 
tolerances (tolerance band E) a 

s 
2 

3 

5 

10 A 

10 

20 

30 

40 

− 

− 

0,5 < Tp ≤ 5 

2 < Tp ≤ 10 

4 < Tp ≤ 10 

6 < Tp ≤ 20 

9 < Tp ≤ 30 

− 

     Tp ≤ 2 

2 < Tp ≤ 3 

3 < Tp ≤ 5 

− 

5 < Tp ≤ 10 

10 < Tp ≤ 20 

20 < Tp ≤ 30 

30 < Tp ≤ 40 

a The manufacturer shall add the letter E to trip classes to indicate compliance with the band E. 

NOTE 1 Depending on the nature of the relay, the tripping conditions are given in 8.2.1.5. 

NOTE 2 In the case of a rheostatic rotor starter, the overload relay is commonly inserted in the stator circuit. As 
a result, it cannot efficiently protect the rotor circuit and more particularly the resistors (generally more easily 
damageable than the rotor itself or the switching devices in case of a faulty start); protection of the rotor circuit 
should be the subject of a specific agreement between manufacturer and user (see, inter alia, 8.2.1.1.3). 

NOTE 3 In the case of a two-step auto-transformer starter, the starting auto-transformer is normally designed 
for use during the starting period only: as a result, it cannot be efficiently protected by the overload relay in the 
event of faulty starting. Protection of the auto-transformer should be the subject of specific agreement between 
manufacturer and user (see 8.2.1.1.4). 

NOTE 4 The lower limiting values of Tp are selected to allow for differing heater characteristics and 
manufacturing tolerances. 

 

5.7.4 Designation and current settings of overload relays 

Overload relays are designated by their current setting (or the upper and lower limits of the 
current setting range, if adjustable) and their trip class. 

The current setting (or current setting range) shall be marked on the relays. 

However, if the current setting is influenced by the conditions of use or other factors which 
cannot readily be marked on the relay, then the relay or any interchangeable parts thereof 
(e.g. heaters, operating coils or current transformers) shall carry a number or an identifying 
mark which makes it possible to obtain the relevant information from the manufacturer or his 
catalogue or, preferably, from data furnished with the starter. 

In the case of current transformer operated overload relays, the marking may refer either to 
the primary current of the current transformer through which they are supplied or to the 
current setting of the overload relays. In either case, the ratio of the current transformer shall 
be stated. 

5.7.5 Time-current characteristics of overload relays 

Typical time-current characteristics shall be given in the form of curves supplied by the 
manufacturer. These curves shall indicate how the tripping time, starting from the cold state 
(see 5.7.6), varies with the current up to a value of at least eight times the full-load current of 
the motor with which it is intended that the relay be used. The manufacturer shall be prepared 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Full document details: IEC 60947-4-1 2009

http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009


60947-4-1 © IEC:2009 – 33 – 

 

to indicate, by suitable means, the general tolerances applicable to these curves and the 
conductor cross-sections used for establishing these curves (see 9.3.3.2.2, item c)). 

NOTE It is recommended that the current be plotted as abscissa and the time as ordinates, using logarithmic 
scales. It is recommended that the current be plotted as multiples of the setting current and the time in seconds on 
the standard graph sheet detailed in 5.6.1 and Figure 1 of IEC 60269-1 and in Figure 104, Figure 504 and 
Figure 505 of IEC 60269-2. 

5.7.6 Influence of ambient air temperature 

The time-current characteristics (see 5.7.5) refer to a stated value of ambient air temperature, 
and are based on no previous loading of the overload relay (i.e from an initial cold state). This 
value of the ambient air temperature shall be clearly given on the time curves; the preferred 
values are +20 °C or +40 °C. 

The overload relays shall be able to operate within the ambient air temperature range of –5 °C 
to +40 °C, and the manufacturer shall be prepared to state the effect of variation in ambient 
air temperature on the characteristics of overload relays. 

5.8 Co-ordination with short-circuit protective devices 

The co-ordination of contactors and starters is characterized by the type, ratings and 
characteristics of the short-circuit protective devices (SCPD) that provide protection of the 
contactor and starter against short-circuit currents. Requirements are given in 8.2.5.1 and 
8.2.5.2 of this standard, and in 4.8 of IEC 60947-1. 

5.9 Void 

5.10 Types and characteristics of automatic change-over devices and automatic 
acceleration control devices 

5.10.1 Types 
a) Time-delay devices, e.g. time-delay contactor relays (see IEC 60947-5-1) applicable to 

control-circuit devices or specified-time all-or-nothing relays (see IEC 61810-1). 
b) Undercurrent devices (undercurrent relays). 
c) Other devices for automatic acceleration control: 

– devices dependent on voltage; 
– devices dependent on power; 
– devices dependent on speed. 

5.10.2 Characteristics 
a) The characteristics of time-delay devices are: 

– the rated time-delay or its range, if adjustable; 
– for time-delay devices fitted with a coil, the rated voltage, when it differs from the 

starter line voltage. 
b) The characteristics of the undercurrent devices are: 

– the rated current (thermal current and/or rated short-time withstand current, according 
to the indications given by the manufacturer); 

– the current setting or its range, if adjustable. 
c) The characteristics of the other devices shall be determined by agreement between 

manufacturer and user. 
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5.11 Types and characteristics of auto-transformers for two-step 
auto-transformer starters 

Account being taken of the starting characteristics (see 5.3.5.5.3), starting auto-transformers 
shall be characterized by: 

– the rated voltage of the auto-transformer; 
– the number of taps available for adjusting the starting torque and current; 
– the starting voltage, i.e. the voltage at the tapping terminals, as a percentage of the rated 

voltage of the auto-transformer; 
– the current they can carry for a specified duration; 
– the rated duty (see 5.3.4); 

air-cooling; 
– the method of cooling { oil-cooling. 

The auto-transformer can be: 

– either built-in into the starter, in which case the resulting temperature rise has to be taken 
into account in determining the ratings of the starter; 

– or provided separately, in which case the nature and dimensions of the connecting links 
have to be specified by agreement between the manufacturer of the transformer and the 
manufacturer of the starter. 

5.12 Types and characteristics of starting resistors for rheostatic rotor starters 

Account being taken of the starting characteristics (see 5.3.5.5.1), the starting resistors shall 
be characterized by: 

– the rated rotor insulation voltage (Uir); 
– their resistance value; 
– the mean thermal current, defined by the value of steady current they can carry for a 

specified duration; 
– the rated duty (see 5.3.4); 

free air; 
forced air; – the method of cooling { oil-immersion. 

They can be: 

– either built-in into the starter, in which case the resulting temperature rise has to be limited 
in order not to cause any damage to the other parts of the starter; 

– or provided separately, in which case the nature and dimensions of the connecting links 
have to be specified by agreement between the manufacturer of the resistors and the 
manufacturer of the starter. 

6 Product information 

6.1 Nature of information 

The following information shall be given by the manufacturer. 

6.1.1 Identification 
a) manufacturer's name or trade mark; 
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b) type designation or serial number; 
c) number of this standard, if the manufacturer claims compliance. 

6.1.2 Characteristics, basic rated values and utilization 

Characteristics: 

d) rated operational voltages (see 5.3.1.1); 
e) utilization category and rated operational currents (or rated powers), at the rated 

operational voltages of the equipment (see 5.3.2.5 and 5.4); 

f) either the value of the rated frequency 50/60 Hz or the symbol , or other rated 
frequencies e.g. 16 2/3 Hz, 400 Hz; 

g) rated duty with the indication of the class of intermittent duty, if any (see 5.3.4), and the 
off time as specified in footnote d) of Table 10, if necessary. 

Associated values: 

h) rated making and breaking capacities. These indications may be replaced, where 
applicable, by the indication of the utilization category (see Table 7). 

Safety and installation: 

i) rated insulation voltage (see 5.3.1.2); 
j) rated impulse withstand voltage (see 5.3.1.3); 
k) IP code, in case of an enclosed equipment (see 8.1.11); 
l) pollution degree (see Clause 7); 
m) – for contactor or starter: rated conditional short-circuit current (see 5.3.6) and type of 

 co-ordination (see 8.2.5.1) and type, current rating and characteristics of the 
 associated SCPD; 

 – for combination starter, combination switching device, protected starter or protected 
 switching device: rated conditional short-circuit current (see 5.3.6) and type of co-
 ordination (see 8.2.5.1); 

n) void. 

Control circuits: 

The following information concerning control circuits shall be placed either on the coil or on 
the equipment: 

o) rated control circuit voltage (Uc), nature of current and rated frequency; 

NOTE 1 Other information such as the power consumption could be given e.g. in the product literature. 

p) if necessary, nature of current, rated frequency and rated control supply voltage (Us). 

Air supply systems for starters or contactors operated by compressed air: 

q) rated supply pressure of the compressed air and limits of variation of this pressure, if they 
are different from those specified in 8.2.1.2. 

Auxiliary circuits: 

r) ratings of auxiliary circuits (see 5.6). 

Overload relays and releases: 

s1) characteristics according to 5.7.2, 5.7.5 and 5.7.6; 
s2) characteristics according to 5.7.3 and 5.7.4. 
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Additional information for certain types of contactor and starter: 

Rheostatic rotor starters: 

t) circuit diagram; 
u) severity of start (see 5.3.5.5.1); 
v) starting time (see 5.3.5.5.1). 

Auto-transformer starters: 

w) rated starting voltage(s), i.e. voltage(s) at the tapping terminals. 

NOTE 2 This value may be expressed as a percentage of the rated operational voltage of the starter. 

Vacuum contactors and starters: 

x) maximum permissible altitude of the site of installation, if less than 2 000 m. 

EMC: 

y) environment A or B: see 7.3.1 of IEC 60947-1; 
z) special requirements, if applicable, for example shielded or twisted conductors. 

NOTE 3 Unshielded or untwisted conductors are considered as normal installation conditions. 

6.2 Marking 

Subclause 5.2 of IEC 60947-1 applies to contactors, starters and overload relays with the 
following additions. 

Data under items d) to x) in 6.1.2 shall be included on the nameplate or on the equipment or 
in the manufacturer's published literature. 

Data under items c) in 6.1.1, k) and s2) in 6.1.2 shall be marked on the equipment; time-
current characteristics (or range of characteristics) may be provided in the manufacturer’s 
published literature. 

In the case of electronically controlled electromagnets, information other than that given in o) 
and p) of 6.1.2 may also be necessary; see also 5.5 and Annex E. 

NOTE In the USA and Canada, on multiple equipment, the additional category designation given in Table 1 is 
marked on the product. 

6.3 Instructions for installation, operation and maintenance 

Subclause 5.3 of IEC 60947-1 applies with the following addition. 

Information shall be provided by the manufacturer to advise the user on the measures to be 
taken with regard to the equipment in the event of a short-circuit and the measures to be 
taken with regard to the equipment, if any, concerning EMC. 

In the case of protected starters, the manufacturer shall also provide the necessary mounting 
and wiring instructions. 

The manufacturer of a starter incorporating an automatic reset overload relay capable of 
being connected to enable automatic restarting, shall provide, with the starter, that 
information necessary to alert the user to the possibility of automatic restarting. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Full document details: IEC 60947-4-1 2009

http://avadocuments2026.com/doc/iec-60947-4-1-2009
http://avadocuments2026.com/doc/iec-60947-4-1-2009


60947-4-1 © IEC:2009 – 37 – 

 

7 Normal service, mounting and transport conditions 

Clause 6 of IEC 60947-1 applies with the following addition. 

Unless otherwise stated by the manufacturer, a contactor or a starter is for use in pollution 
degree 3 environmental conditions, as defined in 6.1.3.2 of IEC 60947-1. However, other 
pollution degrees may be considered to apply, depending upon the micro-environment. 

8 Constructional and performance requirements 

8.1 Constructional requirements 

8.1.1 General 

Subclause 7.1.1 of IEC 60947-1 applies. 

8.1.2 Materials 

8.1.2.1 General materials requirements 

Subclause 7.1.2.1 of IEC 60947-1 applies 

8.1.2.2 Glow wire testing 

Subclause 7.1.2.2 of IEC 60947-1 applies with the following addition. 

When tests on the equipment or on sections taken from the equipment are used, parts of 
insulating materials necessary to retain current-carrying parts in position shall conform to the 
glow-wire tests of 8.2.1.1.1 of IEC 60947-1 at a test temperature of 850 °C. 

8.1.2.3 Test based on flammability category 

Subclause 7.1.2.3 of IEC 60947-1 applies. 

8.1.3 Current-carrying parts and their connections 

Subclause 7.1.3 of IEC 60947-1 applies. 

8.1.4 Clearances and creepage distances 

Subclause 7.1.4 of IEC 60947-1 applies. 

8.1.5 Actuator 

Subclause 7.1.5 of IEC 60947-1 applies with the following addition. 

Means for padlocking the operating handle of the manually operated switching device of a 
combination starter may be provided. 

8.1.5.1 Insulation 

Subclause 7.1.5.1 of IEC 60947-1 applies. 

8.1.5.2 Direction of movement 

Subclause 7.1.5.2 of IEC 60947-1 applies. 
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8.1.5.3 Mounting 

Actuators mounted on removable panels or opening doors shall be so designed that, when the panels 
are replaced or the doors closed, the actuator will engage correctly with the associated 
mechanism. 

8.1.6 Indication of the contact position 

8.1.6.1 Indicating means 

Subclause 7.1.6.1 of IEC 60947-1 applies to manually operated starters. 

8.1.6.2 Indication by the actuator 

Subclause 7.1.6.2 of IEC 60947-1 applies. 

8.1.7 Additional requirements for equipment suitable for isolation 

Subclause 7.1.7 of IEC 60947-1 applies. 

8.1.8 Terminals 

Subclause 7.1.8 of IEC 60947-1 applies with, however, the following additional requirements. 

8.1.8.1 Terminal identification and marking 

Subclause 7.1.8.4 of IEC 60947-1 applies with additional requirements as given in Annex A. 

8.1.9 Additional requirements for equipment provided with a neutral pole 

Subclause 7.1.9 of IEC 60947-1 applies. 

8.1.10 Provisions for protective earthing 

Subclause 7.1.10 of IEC 60947-1 applies. 

8.1.11 Enclosures for equipment 

8.1.11.1 Design 

Subclause 7.1.11.1 of IEC 60947-1 applies with the following additions. 

Starting resistors mounted within an enclosure shall be so located or guarded that issuing 
heat is not detrimental to other apparatus and materials within the enclosure. 

For the specific case of combination starters, the cover or door shall be interlocked so that it 
cannot be opened without the manually operated switching device being in the open position. 

However, provision may be made to open the door or cover with the manually operated 
switching device in the ON position by the use of a tool. 

8.1.11.2 Insulation 

Subclause 7.1.11.2 of IEC 60947-1 applies. 

8.1.12 Degrees of protection of enclosed equipment 

Subclause 7.1.12 of IEC 60947-1 applies. 
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8.1.13 Conduit pull-out, torque and bending with metallic conduits 

Subclause 7.1.13 of IEC 60947-1 applies. 

8.2 Performance requirements 

8.2.1 Operating conditions 

8.2.1.1 General 

Subclause 7.2.1.1 of IEC 60947-1 applies with the following additions. 

8.2.1.1.1 General conditions A 

Starters shall be so constructed that they: 

a) are trip free; 
b) can be caused to open their contacts by the means provided when running and at any time 

during the starting sequence; 
c) will not function in other than the correct starting sequence. 

8.2.1.1.2 General conditions B 

Starters employing contactors shall not trip due to the shocks caused by operation of the 
contactors when tested according to 9.3.3.1, after the starter has carried its rated full load 
current at the reference ambient temperature (i.e. +20 °C) and has reached thermal 
equilibrium at both minimum and maximum settings of the overload relay, if adjustable. 

8.2.1.1.3 General conditions C 

For rheostatic starters, the overload relay shall be connected in the stator circuit. Special 
arrangements may be made to protect the rotor contactors and resistors against overheating, 
if requested by the user. 

8.2.1.1.4 General conditions D 

When starters are used in conditions in which the overheating of the starting resistors or 
transformers would represent an exceptional hazard, it is recommended that a suitable device 
be fitted to switch off the starter automatically before a dangerous temperature is reached. 

8.2.1.1.5 General conditions E 

The moving contacts of multipole equipment intended to make and break together shall be so 
coupled that all poles make and break substantially together, whether operated manually or 
automatically. 

8.2.1.2 Limits of operation of contactors and power-operated starters 

8.2.1.2.1 Electromagnetic contactors and starters 

Electromagnetic contactors, whether used separately or in starters, shall close satisfactorily at 
any value between 85 % and 110 % of their rated control supply voltage Us. Where a range is 
declared, 85 % shall apply to the lower value and 110 % to the higher. 

The limits between which contactors shall drop out and open fully are 75 % to 20 % for a.c. 
and 75 % to 10 % for d.c. of their rated control supply voltage Us. Where a range is declared, 
20 % or 10 %, as the case may be, shall apply to the higher value and 75 % to the lower. 
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Limits for closing are applicable after the coils have reached a stable temperature 
corresponding to indefinite application of 100 % Us in an ambient temperature equivalent to 
the ambient temperature declared by the manufacturer but not less than +40 °C. 

Limits for drop-out are applicable with the coil circuit resistance at −5 °C. This can be verified 
by calculation using values obtained at normal ambient air temperature. 

The limits apply to d.c. and a.c. at declared frequency. 

8.2.1.2.2 Contactors and starters with electronically controlled electromagnet 

Subclause 8.2.1.2.1 applies with the following modification. 

Replace the second paragraph as follows: 

The limits between which contactors with an electronically controlled electromagnet shall drop 
out and open fully are  

− for d.c.: 75 % to 10 % of their rated control supply voltage Us, 

− for a.c.: 75 % to 20 % of their rated control supply voltage Us, 

− for a.c.: 75 % to 10 % of their rated control supply voltage Us if specified by the 
manufacturer, 

−  for a.c., where the manufacturer specifies limits between 75 % to 10 % of the rated control 
supply voltage Us, the contactor shall, in addition, be submitted to the capacitive drop out 
test of 8.2.1.2.4. 

Where a range is declared, 20 % or 10 % as the case may be, shall apply to the higher value 
of the range and 75 % to the lower value of the range. 

8.2.1.2.3 Electro-pneumatic contactors and starters 

Electro-pneumatic and pneumatic contactors shall close satisfactorily with the air supply 
pressure between 85 % and 110 % of the rated pressure and open between 75 % and 10 % of 
the rated pressure. 

8.2.1.2.4 Capacitive drop out test 

A capacitor C shall be inserted in series in the supply circuit Us, the total length of the 
connecting conductors being ≤3 m. The capacitor is short-circuited by a switch of negligible 
impedance. The supply voltage shall then be adjusted to 110 % Us.  

It shall be verified that the contactor drops out when the switch is operated to the open 
position. 

The value of the capacitor shall be 

C (nF) = 30 + 200 000 / (f × Us) 

e.g. for a coil rated 12…24 V – 50 Hz, the capacitor value is 196 nF (calculation made with Us 
max., see Note 1). 

NOTE 1 The test voltage is the highest value of the declared rated supply voltage range Us. 

NOTE 2 The value of the capacitor simulates a typical control wiring of 100 m long cable and of 1,5 mm2 (0,3 
nF/m that is 30 nF for 100 m) connected to a static output having a 1,3 mA leakage current (200 000 in the formula 
≈ 10 E+9 *1,3 E-3/2*π). 

NOTE 3 The drop out time should be specified for particular uses, e.g. emergency breaking. 
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8.2.1.3 Limits of operation of under-voltage relays and releases 

Subclause 7.2.1.3 of IEC 60947-1 applies with the following addition: tests are specified in 
9.3.3.2.2 of this standard. 

8.2.1.4 Limits of operation of shunt-coil operated releases (shunt trip) 

Subclause 7.2.1.4 of IEC 60947-1 applies with the following addition: tests are specified in 
9.3.3.2.2 of this standard. 

8.2.1.5 Limits of operation of current sensing relays and releases 

8.2.1.5.1 Limits of operation of time-delay overload relays when all poles are 
energized 

8.2.1.5.1.1 General tripping requirements of overload relays 

NOTE 1 The thermal protection of motors in the presence of harmonics in the supply voltage is under 
consideration. 

The relays shall comply with the requirements of Table 3 when tested as follows: 

a) with the overload relay or starter in its enclosure, if normally fitted, and at A times the 
current setting, tripping shall not occur in less than 2 h starting from the cold state, at the 
value of reference ambient air temperature stated in Table 3. However, when the overload 
relay terminals have reached thermal equilibrium at the test current in less than 2 h, the 
test duration can be the time needed to reach such thermal equilibrium; 

b) when the current is subsequently raised to B times the current setting, tripping shall occur 
in less than 2 h; 

c) for class 2, 3, 5 and 10A overload relays energized at C times the current setting, tripping 
shall occur in less than 2 min starting from thermal equilibrium, at the current setting, in 
accordance with 9.3.3 of IEC 60034-1; for class 10 A overload relays, for ambient air 
temperature –5 °C or below, the manufacturer may declare a longer tripping time but not 
longer than 2 times the values required for 20 °C; 

NOTE 2 Subclause 9.3.3 of IEC 60034-1 states: “Polyphase motors having rated outputs not exceeding 315 kW 
and rated voltages not exceeding 1 kV shall be capable of withstanding a current equal to 1,5 times the rated 
current for not less than 2 min”. 

d) for class 10, 20, 30 and 40 overload relays energized at C times the current setting, 
tripping shall occur in less than 4, 8, 12 or 16 min respectively, starting from thermal 
equilibrium, at the current setting; 

e) at D times the current setting, tripping shall occur within the limits given in Table 2 for the 
appropriate trip class and tolerance band, starting from the cold state. 

In the case of overload relays having a current setting range, the limits of operation shall 
apply when the relay is carrying the current associated with the maximum setting and also 
when the relay is carrying the current associated with the minimum setting. 

For non-compensated overload relays, the current multiple/ambient temperature characteristic 
shall not be greater than 1,2 %/K. 

NOTE 3 1,2 %/K is the derating characteristic of PVC-insulated conductors. 

An overload relay is regarded as compensated if it complies with the relevant requirements of 
Table 3 at +20 °C and is within the limits shown in Table 3 at other temperatures. 
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Table 3 – Limits of operation of time-delay overload relays when energized on all poles 

Multiples of current setting 
Type of overload relay 

A B C D 
Ambient air temperature values 

Thermal type not compensated for 
ambient air temperature variations 1,0 1,2b 1,5 7,2 +40 °C 

d d − − less than －5 °Ce 

1,05 1,3 1,5 − －5 °C 

1,05 1,2b 1,5 7,2 +20 °C 

1,0 1,2b 1,5 − +40 °C 

Thermal type compensated for 
ambient air temperature variations 

d d − − more than +40 °Ce 

Electronic type 1,05 1,2b 1,5 7,2a 0 °C, +20 °Cc and +40 °C 
a This test shall only be done at 20 °C. 
b If specified by the manufacturer, the tripping current could be different from 120 % but shall not exceed 

125 %. In this case the test current value shall be equal to this tripping current value. In this case, the tripping 
current value shall be marked on the device. 

c Test at 20°C to be done only for A and B multiples of current setting. 

d Multiples of current setting should be declared by the manufacturer. 

e See 9.3.3.2.2 for tests outside the -5 °C +40 °C range. 

 

8.2.1.5.1.2 Thermal memory test verification 

Unless the manufacturer has specified that the device does not contain thermal memory, 
electronic overload relays shall fulfil the following requirements (see Figure 8): 

– apply a current equal to Ie until the device has reached the thermal equilibrium; 

– interrupt the current for a duration of 2 × Tp (see Table 2) with a relative tolerance  
of ±10 % (where Tp is the time measured at the D current according to Table 3); 

– apply a current equal to 7,2 × Ie; 
– the relay shall trip within 50 % of the time Tp. 

8.2.1.5.2 Limits of operation of three-pole time-delay overload relays energized  
on two poles 

With reference to Table 4: 

The overload relay or starter shall be tested in its enclosure if normally fitted. With the relay 
energized on three poles, at A times the current setting, tripping shall not occur in less than 
2 h, starting from the cold state, at the value of the ambient air temperature stated in Table 4. 

Moreover, when the value of the current flowing in two poles (in phase loss sensitive relays, 
those carrying the higher current) is increased to B times the current setting, and the third 
pole de-energized, tripping shall occur in less than 2 h. 

The values shall apply to all combinations of poles. 

In the case of overload relays having an adjustable current setting, the characteristics shall 
apply both when the relay is carrying the current associated with the maximum setting and 
when the relay is carrying the current associated with the minimum setting. 
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Table 4 – Limits of operation of three-pole time-delay overload 
relays when energized on two poles only 

Multiples of current setting 
Type of overload relay 

A B 
Reference ambient air 

temperature 

Thermal, compensated for ambient 
air temperature variations or 
electronic 

Not phase loss sensitive 

3 poles 
1,0 

2 poles 
1,32 

 

1 pole 
0 

+20 °C 

Thermal, not compensated for 
ambient air temperature variations 

Not phase loss sensitive 

3 poles 
1,0 

2 poles 
1,25 

1 pole 
0 

+40 °C 

Thermal, compensated for ambient 
air temperature variations or 
electronic 

Phase loss sensitive 

2 poles 
1,0 

 

1 pole 
0,9 

2 poles 
1,15 

 

1 pole 
0 

+20 °C 

8.2.1.5.3 Limits of operation of instantaneous magnetic overload relays 

For all values of the current setting, instantaneous magnetic overload relays shall trip with an 
accuracy of ±10 % of the value of the published current value corresponding to the current 
setting. 

NOTE Magnetic instantaneous overload relays covered by this standard are not intended for short-circuit 
protection. 

8.2.1.5.4 Limits of operation of under-current relays and releases for automatic 
change over 

8.2.1.5.4.1 Limits of operation of under-current relays 

An under-current relay or release, when associated with a switching device, shall operate to 
open the switching device within 80 % to 120 % of the set time, when the current during 
operation is below 0,9 times the under current setting in all poles. When the operating time is 
below 1 s, a different tolerance may be given by the manufacturer but the upper limit shall not 
exceed 1,2 s. 

NOTE The tolerance depends on the sensing technology. 

8.2.1.5.4.2 Limits of operation of automatic change over by under-current relays 
This subclause applies to: 
– star-delta starters from star to delta, and 
– auto-transformer starters from the starting to the ON position. 

The lowest drop-out current of an under-current relay shall be not greater than 1,5 times the 
actual current setting of the overload relay which is active in the starting or star connection. 
The under-current relay shall be able to carry any value of current, from its lowest current 
setting to the stalled current in the starting position or the star connection, for the tripping 
times determined by the overload relay at its highest current setting. 

8.2.1.5.5 Limits of operation of stall relays 

A stall relay, when associated with a switching device, shall operate to open the switching 
device within 80 % to 120 % of the set time (stall inhibit time) or within the accuracy specified 
by the manufacturer, when: 
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a) current sensing relays: the current is 20 % higher than the set stall current value; 
 EXAMPLE Set current of the stall relay: 100 A;  set time: 6 s; accuracy: ±10 %, the relay shall trip within 5,4 s 

and 6,6 s when the current is equal to or greater than 100 A × 1,2 = 120 A. 

b) rotation sensing relays: an input signal indicating no motor rotation exists. 

8.2.1.5.6 Limits of operation of jam relays and releases 

A jam relay or release, when associated with a switching device, shall operate to open the 
switching device within 80 % to 120 % of the set time (jam inhibit time) or within the accuracy 
specified by the manufacturer, when the current is above 1,2 times the set current value of 
the jam relay, during running after completion of the starting. 

8.2.2 Temperature rise 

8.2.2.1 General 

The requirements of 7.2.2 of IEC 60947-1 apply to contactors and starters in a clean, new 
condition. 

NOTE 1 Contact resistance due to oxidation may impact the temperature rise test at test voltages below 100 V. In 
the case of conducting the test at a voltage below 100 V, such devices may have the contacts cleaned either by 
any nonabrasive method or by carrying out 10 operating cycles under the conditions of Table 10 for any applicable 
utilization category at any voltage.  

The temperature rises of the several parts of the contactor or starter measured during a test 
carried out under the conditions specified in 9.3.3.3 shall not exceed the limiting values stated 
in Table 5 of this standard and in 7.2.2.1 and 7.2.2.2 of IEC 60947-1. 

In the case of an electronically controlled electromagnet, coil temperature measuring by 
variation of resistance may be impracticable; in such a case, other methods are permitted, 
e.g. thermocouples or other suitable methods. 

Table 5 – Temperature rise limits for insulated coils in air and in oil 

Temperature rise limit 
(measured by resistance variation) 

K 
Class of insulating material 

(according to IEC 60085) 

Coils in air Coils in oil 

A 

E 

B 

F 

H 

85 

100 

110 

135 

160 

60 

60 

60 

– 

– 

Because, in an auto-transformer starter, the auto-transformer is energized only intermittently, 
a maximum temperature rise of 15 K greater than the figures in Table 5 is permissible for 
the windings of the transformer when the starter is operated according to the requirements 
of 5.3.4 and 5.3.5.5.3. 

NOTE 2 The temperature rise limits given in Table 5 of this standard and in 7.2.2.2 of IEC 60947-1 are applicable 
only if the ambient air temperature remains within the limits –5 °C, +40 °C. 

8.2.2.2 Terminals 

Subclause 7.2.2.1 of IEC 60947-1 applies. 

8.2.2.3 Accessible parts 

Subclause 7.2.2.2 of IEC 60947-1 applies. 
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8.2.2.4 Ambient air temperature 

Subclause 7.2.2.3 of IEC 60947-1 applies. 

8.2.2.5 Main circuit 

The main circuit of a contactor or a starter which carries current in the ON position, including 
the over-current releases which may be associated with it, shall be capable of carrying, 
without the temperature rises exceeding the limits specified in 7.2.2.1 of IEC 60947-1 when 
tested in accordance with 9.3.3.3.4: 

– for a contactor or starter intended for continuous duty: its conventional thermal current 
(see 5.3.2.1 and/or 5.3.2.2); 

– for a contactor or starter intended for uninterrupted duty, intermittent duty or temporary 
duty: its relevant rated operational current (see 5.3.2.5). 

8.2.2.6 Control circuits 

Subclause 7.2.2.5 of IEC 60947-1 applies. 

8.2.2.7 Windings of coils and electromagnets 

8.2.2.7.1 Uninterrupted and eight-hour duty windings 

With the maximum value of current according to 8.2.2.5 flowing through the main circuit, the 
windings of the coils, including those of electrically operated valves of electro-pneumatic 
contactors or starters, shall withstand, under continuous load and at the rated frequency, if 
applicable, their maximum rated control supply voltage without the temperature rise exceeding 
the limits specified in Table 5 of this standard and in 7.2.2.2 of IEC 60947-1. 

NOTE Depending on the technology, e.g. for some kinds of electronically controlled electromagnets, the control 
supply voltage may not be directly applied on the coil winding when connected as in normal service. 

8.2.2.7.2 Intermittent duty windings 

With no current flowing through the main circuit, the windings of the coils shall withstand, at 
the rated frequency, if applicable, their maximum rated control supply voltage applied as 
detailed in Table 6 according to their intermittent duty class, without the temperature rise 
exceeding the limits specified in Table 5 of this standard and in 7.2.2.2 of IEC 60947-1. 

NOTE Depending on the technology, e.g. for some kind of electronically controlled electromagnet, the control 
supply voltage may not be directly applied on the coil winding when connected as in normal service. 

Table 6 – Intermittent duty test cycle data 

Intermittent duty class 

Contactors Starters 

One close-open operating 
cycle every 

Interval of time during which 
the supply to the control coil is 

maintained 

1 1 3 600 s 

3 3 1 200 s 

12 12 300 s 

30 30 120 s 

120  30 s 

300  12 s 

1 200  3 s 

“ON” time should correspond to 
the on-load factor specified by 
the manufacturer 
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8.2.2.7.3 Specially rated (temporary or periodic duty) windings 

Specially rated windings shall be tested under operating conditions corresponding to the most 
severe duty for which they are intended and their ratings shall be stated by the manufacturer. 

NOTE Specially rated windings may include coils of starters which are energized during the starting period only, 
trip coils of latched contactors and certain magnetic valve coils for interlocking pneumatic contactors or starters. 

8.2.2.8 Auxiliary circuits 

Subclause 7.2.2.7 of IEC 60947-1 applies. 

8.2.2.9 Other parts 

Subclause 7.2.2.8 of IEC 60947-1 applies, replacing words “plastics and insulating materials” 
with “insulating parts”. 

8.2.3 Dielectric properties 

Subclause 7.2.3 of IEC 60947-1 applies. 

8.2.4 Normal load and overload performance requirements 

Requirements concerning normal load and overload characteristics according to 5.3.5 are 
given in 8.2.4.1, 8.2.4.2 and 8.2.4.4. 

8.2.4.1 Making and breaking capacities 

Contactors or starters shall be capable of making and breaking currents without failure under 
the conditions stated in Table 7 for the required utilization categories and the number of 
operations indicated, as specified in 9.3.3.5. 

The off-time and on-time values given in Table 7 and Table 8 shall not be exceeded. 
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Table 7 – Making and breaking capacities – 
Making and breaking conditions according to utilization category 

Make and break conditions 

Utilization category 
Ic/Ie  Ur/Ue Cos φ 

On-timeb 

s 

Off-time 

s 

Number of 
operating 

cycles 

AC-1 
AC-2 
AC-3i 
AC-4i 
AC-5a 
AC-5b 

1,5 
4,0h 
8,0 

10,0 
3,0 
1,5c 

1,05 
1,05 
1,05 
1,05 
1,05 
1,05 

0,8 
0,65h 

a 

a 
0,45 

c 

0,05 
0,05 
0,05 
0,05 
0,05 
0,05 

f 

f 

f 

f 

f 
60 

50 
50 
50 
50 
50 
50 

AC-6a j 

AC-6b 
AC-8ak 
AC-8bk 

e 
6,0 
6,0 

 
1,05 
1,05 

 
a 

a 

 
0,05 
0,05 

 
f 

f 

 
50 
50 

   — 
L/R ms 

   

DC-1 
DC-3 
DC-5 
DC-6 

1,5 
4,0 
4,0 
1,5c 

1,05 
1,05 
1,05 
1,05 

1,0 
2,5 

15,0 
c 

0,05 
0,05 
0,05 
0,05 

f 

f 

f 
60 

50d 
50d 
50d 
50d 

Make conditionsi 

Utilization category 
I/Ie  U/Ue Cos φ 

On-timeb 

s 

Off-time 

s 

Number of 
operating 

cycles 

AC-3 
AC-4 

10 
12 

1,05g 
1,05g 

a 

a 
0,05 
0,05 

10 
10 

50 
50 

I = current made. The making current is expressed in d.c. or a.c. r.m.s. symmetrical values but it is 
understood that, for a.c., the actual peak value during the making operation may assume a higher value 
than the symmetrical peak value. 

Ic = current made and broken, expressed in d.c. or a.c. r.m.s. symmetrical values 
Ie = rated operational current 
U = applied voltage 
Ur = power frequency or d.c. recovery voltage 
Ue = rated operational voltage 

Cos φ = power factor of test circuit 
L/R = time-constant of test circuit 
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Table 7 (continued) 

a Cos φ = 0,45 for Ie ≤ 100 A; 0,35 for Ie > 100 A. 

b The time may be less than 0,05 s, provided that contacts are allowed to become properly seated before re-
opening. 

c Tests to be carried out with an incandescent light load. 

d 25 operating cycles with one polarity and 25 operating cycles with reverse polarity. 

e Capacitive ratings may be derived by capacitor switching tests or assigned on the basis of established 
practice and experience. As a guide, reference may be made to the formula given in Table 9. This formula 
takes no account of thermal effects due to harmonic currents, and values derived must consequently be 
considered taking temperature rise into account. 

f See Table 8. 

g For U/Ue, a tolerance of ±20 % is accepted. 

h The values shown are for stator contactors. For rotor contactors, the test shall be made with a current of four 
times the rated rotor operational current and a power factor of 0,95. 

i The make conditions for utilization categories AC-3 and AC-4 shall also be verified. The verification may be 
made during the make and break test, but only with the manufacturer's agreement. In this case, the making 
current multiples shall be as shown for I/Ie and the breaking current as shown for Ic/Ie. 25 operating cycles 
shall be made at a control supply voltage equal to 110 % of the rated control supply voltage Us and 25 
operating cycles at 85 % of Us. The off-times are to be determined from Table 8. 

j The manufacturer shall verify the AC-6a rating by  testing with a transformer or may derive the rating from the 
values for AC-3 according to Table 9. 

k A lower ratio of locked rotor to full load current may be used if specified by the manufacturer. 

 

Table 8 – Relationship between current broken Ic and off-time for the verification 
of rated making and breaking capacities 

Current broken Ic  

A 

Off-time 

s 

             Ic ≤ 100 

    100 < Ic ≤ 200 

    200 < Ic ≤ 300 

    300 < Ic ≤ 400 

    400 < Ic ≤ 600 

    600 < Ic ≤ 800 

    800 < Ic ≤ 1 000 

 1 000 < Ic ≤ 1 300 

 1 300 < Ic ≤ 1 600 

 1 600 < Ic  

10 

20 

30 

40 

60 

80 

100 

140 

180 

240 

The off-time values may be reduced if agreed by the manufacturer. 
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