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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 4-2: Contactors and motor-starters —
AC semiconductor motor controllers and starters

FOREWORD

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.

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.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that serise." While @Il reasonableeffortsy are, made ito ensurelthat jthe 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.

In order to promote international uniformity, 1EC 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.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access'to |IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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.

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.

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 60947-4-2 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 1999 and its Amendments 1 (2001)
and 2 (2006). It is a technical revision.

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

updated EMC normative references and associated requirements,
new references to IEC 60947-1,

marking of electronic relays without thermal memory,

marking of tripping time at 0 °C ambient or below,

new test requirements for limits of operation of time-delay overload relays,
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e new classes of overload current withstand time,
e damp heat, salt mist, vibration and shock tests,
e short-circuit test in the smallest enclosure,

e update of the routine and sampling tests.

This standard shall be read in conjunction with IEC 60947-1:2007, 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 text of this standard is based on the following documents:

FDIS Report on voting
17B/1734/FDIS 17B/1741/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 the parts in the IEC 60947 series, under the general title Low-voltage switchgear
and controlgear, can be found on the IEC website.

The committee has decided that_the contents of this publication will remain unchanged until
the stability date indicated on '‘the “lEC-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.

The contents of the corrigendum of July 2012 have been included in this copy.
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INTRODUCTION

This standard covers low-voltage a.c. semiconductor motor controllers and starters that have
many capabilities and features beyond the simple starting and stopping of an induction motor,
such as controlled starting and stopping, manoeuvring and controlled running.

The generic term “controller” is used in this standard wherever the unique features of the
power semiconductor switching elements are the most significant points of interest. The
generic term “starter” is used wherever the consequences of operating the power semi-
conductor switching elements, together with suitable overload protective means, are the most
significant points of interest. Specific designations (for example form 1, form HxB, etc.) are
used wherever the unique features of various configurations comprise significant points of
interest.
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 4-2: Contactors and motor-starters —
AC semiconductor motor controllers and starters

1 Scope

This standard applies to a.c. semiconductor motor controllers and starters, which may include
a series mechanical switching device, intended to be connected to circuits, the rated voltage
of which does not exceed 1 000 V a.c.

This standard characterizes a.c. semiconductor motor controllers and starters with and
without bypass means.

AC semiconductor motor controllers and starters dealt with in this standard are not normally
designed to interrupt short-circuit currents. Therefore, suitable short-circuit protection (see
8.2.5) should form part of the installation, but not necessarily of the a.c. semiconductor motor
controller or starter.

In this context, this standard gives-requirements,for as¢cysemiconductor motor controllers and
starters associated with'separate short-cCircuit'protective 'devices.

This standard does not apply to

— continuous operation of a.c. motors'at motor‘speeds other than the normal speed;

— semiconductor equipment, _including. . semiconductor contactors (see 2.2.13 of
IEC 60947-1:2007) controlling non-motor loads;

— electronic a.c. power controllers covered by IEC 60146 series.
Contactors, overload relays and control circuit devices used in a.c. semiconductor motor
controllers and starters should comply with the requirements of their relevant product

standard. Where mechanical switching devices are used, they should meet the requirements
of their own IEC product standard, and the additional requirements of this standard.

The object of this standard is to state as follows:
— the characteristics of a.c. semiconductor motor controllers and starters and associated
equipment;

— the conditions with which a.c. semiconductor motor controllers and starters comply with
reference to

a) their operation and behaviour;

b) their dielectric properties;

c) the degrees of protection provided by their enclosures where applicable;
d) their construction;

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

— the information to be given with the equipment, or in the manufacturer's literature.

NOTE For the purpose of this standard, the term “controller" may be wused instead of
"a.c. semiconductor motor controller”.
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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 60034-1:2010, Rotating electrical machines — Part 1: Rating and performance
IEC 60085:2007, Electrical insulation — Thermal evaluation and designation

IEC 60269-1:2006, Low-voltage fuses — Part 1: General requirements
Amendment 1 (2009)

IEC 60410:1973, Sampling plans and procedures for inspection by attributes
IEC 60664 (all parts), Insulation coordination for equipment within low-voltage systems
IEC 60947-1:2007, Low-voltage switchgear and controlgear — Part 1: General rules

IEC 61000-4 (all parts), Electromagnetic compatibility (EMC) — Part 4: Testing and
measurement techniques

CISPR 11:2009, Industrial,scientific. andl medical equipment\- IRadia-frequency disturbance
characteristics — Limits and methods of measurement
Amendment 1 (2010)

3 Terms, definitions, symbols and abbreviations

3.1 General

For the purposes of this document, the terms and definitions of Clause 2 of |I[EC 60947-
1:2007, as well as the following terms, definitions, symbol and abbreviations apply.

3.2 Alphabetical index of terms

Reference
A
a.c. semiconductor Motor CONtrOllEr . ... i 3.3.2
B
burst (of pulses or 0SCIllatioNS) ... ..o 3.5.7
DYPASSEA CONTIOIIET .. . et 3.4.31
C
(610 o] 011 -1 1] o TS PRSP 3.4.32
CONtrolled @CCIEIatiON ... .. e e e 3.4.6
CoNtrolled deCeIEratioN. .. ... e 3.4.7
CONTIOIEA FUNNMING e ettt 3.4.8
CUITENt-lIMit fUNCHION ..o e e e 3.4.4
E

electromagnetic compatibility [EMC] ..o 3.5.1
electromagnetic diStUrbanCe ........oouiiiiii 3.5.3
electromagnetic EMISSION . ... . i 3.5.2
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F

FULL-ON (state of CONtrollers) .....c.oiuiiiii e 3.4.12
H

hybrid motor controller or starter, form HxA (where x =1, 2 0r 3) ....ccoooiviiiiiiiiiiiiiinnenn. 3.4.1

hybrid motor controller or starter, form HXB ..o, 3.4.2
I

T e a1 oY1 80 13 0= PP 3.4.28
J

jam sensitive electronic overload relay.........ooooiiiiiiii i 3.4.27
M

L F= TaTo T LY ol PP 3.4.5

MINIMUM 10ad CUITENT L. e e 3.4.13
O

L 20 o Y=Y -1 10 o 3.4.33

L ] = - ) = 3.4.14

OFF-state leakage current [/ ].......ccoooooori 3.4.15

L o 10 1= PP 3.4.30

OIN S AL ettt e e e v porme e T & R 8 e € T € R+ A e e e e e s 3.4.11

ON-time . L L A L A L L S L L 3.4.29

L0 ] = NI 0T X1 1 £ o PP 3.4.3

operating capability................. o L al L L L L L e 3.4.18

operating cycle (0f @ CONroller)... ... 3.4.17

operation (Of @ CONrOIEr).... oo s BT DD 3 b et e et et e et e et et et et e e e e e 3.4.16

overload CUITENt PrOfile ic.m s hreres ineke nidmrterlerimbrnrrdmerhe b kei/sd sdn Gnnme]es vh 2 b 43 Rorin e biosemeennennennenns 3.4.19
P

phase loss sensitive overload relay or release ........co.oeiiiiiiiiiiiii e 3.4.23

prospective current (of a circuit and with respect to a switching device or a fuse) ....... 3.4.9

prospective locked rotor current [/ gpl -..cvvvvvieriiiiiiiii 3.4.10
R

radio (frequency) diStUrbanCe ... 3.5.4

radio frequency interference [RFI] ... 3.5.5

=11 0T T o L= PP 3.4.20
S

semiconductor direct on line (DOL) motor controller (form 3) .......ccooviiiiiiiiiiiiieens 3.3.5

semiconductor motor controller (form 1) ... 3.3.3

semiconductor motor starter (form 1, form 2, form 3) ..o 3.3.6

semiconductor soft-start motor controller (form 2) ..o, 3.3.4

semiconductor SWItChiNG deVICE .......ouie i e 3.3.1

stall sensitive electronic overload relay ... 3.4.26
T

transient (adjective and NOUN) ... 3.5.6

trip-free controller Or Starter ... ..o 3.4.22

tripping operation (of a controller or starter) .........coooiiii i 3.4.21
U

under-current relay OF FelEaASE ... . i e 3.4.24

under-voltage relay OF relEaSE ... i i 3.4.25
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A 70 1 =T =] U1 o 1= 3.5.8

3.3 Terms and definitions concerning a.c. semiconductor motor controllers and
starters

3.31

semiconductor switching device

switching device designed to make and/or break the current in an electric circuit by means of
the controlled conductivity of a semiconductor

NOTE This definition differs from IEC 60050-441:1984, 441-14-03 since a semiconductor switching device is also
designed for breaking the current.

[IEC 60947-1:2007, 2.2.3]

3.3.2

a.c. semiconductor motor controller

semiconductor switching device that provides the starting function for an a.c. motor and an
OFF-state

NOTE 1 Because dangerous levels of leakage currents can exist in a semiconductor motor controller in the OFF-
state, the load terminals should be considered as live parts at all times.

NOTE 2 In a circuit where the current passes,through zero_(alternately-or otherwise), the effect of "not making"
the current following such a zero'value'is equivalent to’breaking the cutrent.

3.3.3

semiconductor motor controller (form 1)

a.c. semiconductor motor controller, in_ which the starting function may comprise any starting
method specified by the manufacturer, and that provides control functions which may include
any combination of manoeuvring, controlled ‘acceleration, running or controlled deceleration of
an a.c. motor. A FULL-ON state may also be provided

NOTE See Figure 1 and Table 1.

3.3.4

semiconductor soft-start motor controller (form 2)

special form of a.c. semiconductor motor controller, in which the starting function is limited to
a voltage and/or current ramp which may include controlled acceleration, and where the
additional control function is limited to providing FULL-ON

NOTE See Figure 1 and Table 1.

3.3.5

semiconductor direct on line (DOL) motor controller (form 3)

special form of a.c. semiconductor motor controller, in which the starting function is limited to
a full-voltage, unramped starting method only, and where the additional control function is
limited to providing FULL-ON

NOTE See Figure 1 and Table 1.

3.3.6
semiconductor motor starter (form 1, form 2, form 3)
a.c. semiconductor motor controller with suitable overload protection, rated as a unit

NOTE See Figure 1 and Table 1.
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Device

Semiconductor L N T
motor controller Ue \’l/‘
-« U,
(forms 1, 2, 3) ¢
IEC 1731/99
Semiconductor L I~ m T
motor starter U, l’]/l l__]
<« Y
(forms 1, 2, 3) ¢
IEC 1732/99
Hybrid motor L I~ T
controller \\c
HxA a Ue \/]/l U
U -~ ~c2
where x =1,2o0r 3 c1
IEC 1733/99
Hybrid motor L ro ~) T
controller Ue ‘_1/]/]
HxB P U
cl
IEC 1734/99
Parallel mechanical
contact
Bypassed controller
L Semiconductor controller T
(Forms 1, 2, 3)
IEC 2344/01
Parallel mechanical
contact
Bypassed hybrid motor Hybrid motor controller
controller € L Series : Semiconductor T
mechanical = j controller
contact i
(Forms HxA, HxB)
IEC 2345/01

Hybrid motor
starter

Form H1A or H1B
with motor overload
protection

Form H2A or H2B
with motor overload
protection

Form H3A or H3B
with motor overload

protection

a  Two separate controls for the controller and the series mechanical switching device.

b One control only for the series mechanical switching device.

c For other configurations, tests may be suitably adapted by agreement between the user and the

manufacturer.

Figure 1 — Semiconductor motor control devices
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