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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 4-3: Contactors and motor-starters —

AC semiconductor controllers and
contactors for non-motor loads

FOREWORD

this end and in addltlon to other activities, IEC publishes International
Technical Reports, Publicly Available Specifications (PAS) and Guides

governmental organizations liaising with the IEC also part|0|pate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

and are accepted by IEC National
Committees in that sense. While all reasonable effqrts \ t re that the technical content of IEC
Publications is accurate, IEC cannot be ) the way in which they are used or for any
misinterpretation by any end user.

the latter.

5) IEC itself does nof _provide
assessment serw i
services carried out by i

8) AttentionN ¥ to ative references cited in this publication. Use of the referenced publications is
indispensabte_forthe sorreef application of this publication.

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

International Standard IEC 60947-4-3 has been prepared by subcommittee 17B: Low-voltage
switchgear and controlgear, of IEC technical committee 17: Switchgear and controlgear.

This second edition cancels and replaces the first edition published in 1999, Amendment
1:2006 and Amendment 2:2011. This edition constitutes a technical revision.

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

a) Update of the marking requirements (6.1);

b) Update of the EMC requirements (8.3.2); and

c) Update of the tests requirements (9.3.1, 9.4, 9.4.1.1, 9.4.1.2, 9.4.2.1, 9.4.2.2, 9.4.2.3,
9.4.2.4,9.4.2.6).
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The text of this standard is based on the following documents:

FDIS Report on voting
121A/2/FDIS 121A/14/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 in the IEC 60947 series, published under the generai—title Low-voltage
switchgear and controlgear, can be found on the IEC website.

This standard shall be read in conjunction with IEC 60947-1, La itchgear and
controlgear — Part 1: General rules. The provisions of the genera slicablé to this
standard, where specifically called for.

& 4.2.3 »f IEC 60947-1:2007,
Amendment 1 (2010), Table 4 of IEC 60947-1: f 010) or Annex A of

The committee has decided that the conten - icatign will remain unchanged until
the stability date indicated on the IEL i or "http://webstore.iec.ch” in the data

¢ reconfirmed,
* withdrawn,

» replaced by a revise
+ amended. 6
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INTRODUCTION

This part of IEC 60947 covers low-voltage a.c. semiconductor controllers and contactors
(solid-state contactors) intended for the use with non-motor loads. As controllers, they have
many capabilities beyond the simple switching on and off of non-motor loads. As contactors,
they perform the same functions as mechanical contactors, but utilize one or more
semiconductor switching devices in their main poles.

The devices may be single-pole or multi-pole (see 2.3.1 of IEC 60947-1:2007,). This standard
refers to complete devices rated as a unit incorporating all necessary heat-sinking material
and terminals. It includes devices with all necessary terminals, which are supplied with or
without heat-sink in knocked-down form for combination by the users, when_the manufacturer

power semiconductor switching elements are the most sig ntefest. The
generic term "contactor" is used in this standard wherever \ 5 gwitching on
and off is the most significant point of interest. Specific designatid for\example, form 4,
form HxB, etc.) are used wherever the unique featur figurations comprise

significant points of interest.

O
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
Part 4-3: Contactors and motor-starters —

AC semiconductor controllers and
contactors for non-motor loads

1 Scope

This part of IEC 60947 applies to a.c. semiconductor non-motor Igad centrollers and
contactors intended for performing electrical operations by changing t¥
circuits between the ON-state and the OFF-state. Typical appligafi
utilization categories given in Table 2.

As controllers, they may be used to reduce the amplitude of the\r.m.s. . ge’ on the load
terminals from that of the applied voltage — either contin \ Qr a specified period of
time. The half-wave period of the a.c. wave form remajn hhat of the applied
voltage.

They may include a series mechanical
circuits, the rated voltage of which dog&s net €; ce

switching devices.

The semiconductor contre
intended to interrupt $
8.2.5) should form part

— electronic as. powegr controllers covered by the IEC 60146 series;

— all-or-nothing solid-state relays.

Contactors and control-circuit devices used in semiconductor controllers and contactors
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

a) the characteristics of semiconductor controllers and contactors and associated equipment;

b) the conditions with which semiconductor controllers and contactors should comply with
reference to:

— their operation and behaviour;
— their dielectric properties;

— the degrees of protection provided by their enclosures, where applicable; Documents
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— 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.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60269-1:2006, Low-voltage fuses — Part 1: General requirement

IEC 60410:1973, Sampling plans and procedures for inspection byattibiite

IEC 60947-1:2007, Low-voltage switchgear and contrglgea - General rules
Amendment 1:2010

IEC 61000-4 (all parts), Electromagnetic compa
measurement techniques

Part 4:Testing and

IEC 61000-4-5:2005, Electromagnetic\ compa
measurement techniques — Surge immuynit

Part 4-5: Testing and

Amendment 1:2010

3 Terms, de@m

For the purposes 61\t ~ e terms and definitions given in Clause 2 of IEC 60947-

1:2007, Amendme wel as the following additional terms and definitions apply:
Reference
A
AC semicond et e e et e e aa e 3.1.11
B
Bypassed CONtrOller T .. 3.1.24
C
Current-limit fUNCHION ... e 3.1.3
D
Defined-point switching (of a semiconductor controller) ...........ccoooiiiiiiiiiiiiieen, 3.1.14.4.1
F
Full-on (state of CONtrollErS) ......cuiiiii e 3.1.10
H
Hybrid controllers or contactors, form HxA (where x =4 0r 5).....ccooviiiiiiiiiiiiiins 3.1.2.1
Hybrid controllers or contactors, form HxB ... 3.1.2.2
I
Instantaneous switching fUNCLION ... ..., 3.1.14.3
L
[0 = T o7 o1 4 o |
¥ Dd€uments
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Minimum 10ad CUITENT ... e e ea e 3.1.11
Minimum load current detection ... ... 3.1.11.1
O
O F FoSa e it 3.1.12
OFF-state 1eakage CUITENT ... ... e 3.1.13
L o 10 1= PN 3.1.23
LN =3 = 1 P 3.1.9
L N T S 3.1.22
OPEN POSIION Lo 3.1.2.3
Operating Ccapability ..o 3.1.16
Operating cycle (0f @ CONtrOllEr) .. ... 3.1.15
Operation (0f @ CONTrOIIEr) ... .o 3.1.14
Overcurrent protective means OCPM...... ..o ...3.1.21
Overload current profile ..o, ..3.1.17
R
RampP-AOWN .. e G NG N ..3.1.6
R =100 o U | o P PRPSRPSRPRPUPRPITRE WPUPRPEON\ WHT WUPI ..3.1.5
Random point switching (of a semiconductor controller).... ¢... 0 N\ - N eeeeeeeNeenreennns
Rating indeX ..o,
Semiconductor controller (form 4) ..o e S e N G,

Semiconductor direct-on-line (DOL) co
Switching function............... N
Switching point ... NG N

Trip-free controller ...l
Tripping operation (of a cortroller)—..\.....>

a.c. semicondy
semiconductor sw
(non-motor load) and

g device that provides a switching function for an a.c. electrical load
an OFF-state

Note 1 to entry: Because dangerous levels of leakage currents (see 3.1.13) can exist in a semiconductor
controller in the OFF-state, the load terminals should be considered to be live at all times.

Note 2 to entry: 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 current.

Note 3 to entry: See 2.2.3 of IEC 60947-1:2007 for the definition of semiconductor switching device.

3.1.1.1.1

semiconductor controller (form 4)

a.c. semiconductor controller in which the switching function may comprise any method
specified by the manufacturer. It provides control functions which may include any
combination of ramp-up, load control or ramp-down. A full-on state may also be provided

3.1.1.1.2
Vacant Documents
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3.1.1.1.3

semiconductor direct-on-line controller (form 5)

semiconductor DOL controller (form 5)

special form of a.c. semiconductor controller in which the switching function is limited to the
full-voltage, unramped method only and where the additional control function is limited to
providing FULL-ON (also known as a semiconductor contactor or solid-state contactor)

Note 1 to entry: It is a device (see 2.2.13 of IEC 60947-1:2007) which performs the function of a contactor by
utilizing a semiconductor switching device (see 2.2.3 of IEC 60947-1:2007). It has only one position of rest (OFF-
state or Open state in the case of an HxB hybrid controller) and is operated by the application of a control signal. It
is capable of carrying load currents as well as changing the state of the said load (electrical circuit) between the
FULL-ON and the OFF-states (Open) under normal circuit conditions including operating overload conditions.

@%
S
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3.1.1.2
Vacant
Device
Controller r
(all forms)
IEC 1408/14
Hybrid controller HxA @ r
where x =4 or 5
IEC 1409/14
Hybrid controller HxB P r
where x =4 or 5
: IEC 1410/14

Parallel mechanical
contact

L Semiconductor controller T
(Forms 4,5)
IEC 1411/14
Bypassed controller
Parallel mechanical
contact
Hybrid controller
Bypassed hybrid controller © L | Series ! 1 Semiconductor | T
-4 mechanical PR o
! ! controller |
! contact ! .
L= L=
(Forms H x A, H x B)
IEC 1412/14

a  Two separate controls for the controller and the series mechanical switching device respectively.
One control only for the series mechanical switching device.

¢ For other configurations, tests can be suitably adapted by agreement between the user and the manufacturer.

Full document details: IEC 60947-4-3 2014
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Table 1 — Functional possibilities of controllers and contactors

Device Form 4 Form 5
Semiconductor OFF-state Not available
controller

Ramp-up
Load control
FULL-ON state
Ramp-down
Semiconductor Not available OFF-state
DOL contactor . )
Switch-on functio
FULL-ON stats\
Hybrid H4A:
controller HxA @
where x =4 or 5 — open state
— OFF-state
— ramp-up
4
— load control
— FULL-ON state
— ramp-down — Q
Hybrid H4B: N
controller HxB P
where x=4 or 5 — open state — open state
— ramp-up witch-on function
— load control — FULL-ON state
LL-Op-state %
| —x@mp-down
a8  Two separate controls [for trolleg ang the Mechanical switching device, respectively.
b One control onk/hoe eries chanicakswitching device.

s and C(N)rs (see Figure 1)

3.1.2 Hybrid c

0N

3.1.21

hybrid controller r ‘ ere x =4 or 5)

hybrid ce ors form HxA (where x = 4 or 5)

form 4, emiconductor controller in series with a mechanical switching device all
rated as a u

Note 1 to entry: Separate control commands are provided for the series mechanical switching device and the
semiconductor controller or contactor. All the control functions appropriate to the form of controller specified are
provided together with an OPEN position.

3.1.2.2

hybrid controllers form HxB (where x = 4 or 5)

hybrid contactors form HxB (where x = 4 or 5)

form 4 or form 5 semiconductor controller in series with a mechanical switching device all
rated as a unit

Note 1 to entry: A single control command is provided for both the series mechanical switching device and the
semiconductor controller or contactor. All the control functions appropriate to the form of controller specified are
provided with the exception of an OFF-state.

3.1.23
OPEN position
condition of a hybrid semiconductor controller when the series mechanical switching device is

in the OPEN position Documents
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Note 1 to entry: See 2.4.21 of IEC 60947-1:2007 for the definition of open position.

3.1.3
current-limit function
ability of the controller to limit the load current to a specified value

Note 1 to entry: It does not include the ability to limit the instantaneous current under conditions of short circuit.

3.1.4

load control

any deliberate operation which causes changes in the effective power available to the load
through variation of either

— an imposed operating cycle (i.e. variation of the cyclic duration factor dor the number
of operating cycles per hour S, see 5.3.4.6)

or

— the load terminal voltage (for example, through phase-angle
or

— a combination of these

Note 1 to entry: Switch-on is a mandatory form of load control that is recognizZe

controllgr, i an external switching device or control
F -ON e antkback again (i.e. load control by

Note 2 to entry: Load control can be performed by a for
circuit causes the cyclic transition from the OFstate to
operating cycle).

3.1.5

ramp-up

switching (switch-on) function which vsition from the OFF-state (or from the
open state, in the case of/adxB hybrid tcoller) to\the ON-state (i.e. to the FULL-ON state

or to a load control operatic

3.1.6
ramp-down Q
switching (switch- fu

FULL-ON or from aiq
an HxB hybrid co

3.1.7
Vacant

3.1.8
Vacant

3.1.9

ON-state

condition of a semiconductor controller when the conduction current can flow through its main
circuit

3.1.10

FULL-ON

condition of a controller when the controlling functions are set to provide normal full-voltage
excitation to the load

3.1.11

minimum load current

minimum operational current in the main circuit which is necessary for correct action of a
controller in the ON-state
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Note 1 to entry: The minimum load current should be given as the r.m.s. value.

3.1.111

minimum load current detection

ability of the controller to detect and signal that the load current is below a specified minimum
value, for which signalling can be achieved by the OFF or open states

3.1.12

OFF-state

condition of a controller when no control signal is applied and no current exceeding the OFF-
state leakage current flows through the main circuit

3.1.13

OFF-state leakage current

I

current which flows through the main circuit of a semiconductor co 0 e O tate

3.1.14

operation of a controller

operation of a controller

transition from the ON-state to the OFF-state or the reveérse

3.1.141

switching function Q

function designed to make or break the e g the opefatjonh of a controller
3.1.14.2

Vacant

3.1.14.3

instantaneous switchjiing functi

switching function.which ta
from FULL-ON 3
case of an HxB hybfid

Note 2 to entry: o ch-on, the term "instantaneous" is used to mean make time (see 2.5.43 of

3.1.14.4
switching poin

point on the wave fgrm of the applied voltage at which the semiconductor switching device
becomes conductive during a switch-on operation

Note 1 to entry: Applied voltage is defined in 2.5.32 of IEC 60947-1:2007.

3.1.14.41

defined-point switching

defined-point switching of a semiconductor controller

ability of a semiconductor controller to permit the flow of current through the main circuit only
as from the instant the a.c. applied voltage or alternatively the a.c. control circuit voltage
reaches a specified point on its wave form

Note 1 to entry: Applied voltage is defined in 2.5.32 of IEC 60947-1:2007.

Note 2 to entry: This form of optimized switching may be used for rush-current damping or the "soft switching" of
transformers.
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3.1.14.4.2

zero-point switching

zero-point switching of a semiconductor controller

special form of defined point switching applicable only in the case of single pole
semiconductor controllers for non-motor loads

Note 1 to entry: The transition from the OFF-state to the ON-state after application of the control signal in such a
way, that the semiconductor switching device becomes conductive at the instant a.c. applied voltage passes
through zero

Note 2 to entry: Applied voltage is defined in 2.5.32 of IEC 60947-1:2007.
Note 3 to entry: This type of operation is particularly suitable for resistive and incandescent light loads. It should

not be used for inductive or capacitive loads since the angular displacement between lgad_current and driving
voltage in these loads would cause severe transient current peaks.

3.1.14.4.3

random point switching
random point switching of a semiconductor controller
absence of the ability of a semiconductor controller to permit ¢he f hrough the
i ¢ a.c. control
circuit voltage reaches a specified point on its wave form

Note 1 to entry: Applied voltage is defined in 2.5.32 of IEC 6094

3.1.15
operating cycle
operating cycle of a controller

3.1.16

operating capability
under prescribed iond
3.1.17

overload current preo

3.1.18
rating inde
rating informa
corresponding u
(see 6.1 e))

nized in a prescribed format unifying rated operational current and the
on category, overload current profile, and the duty cycle or OFF-time

3.1.19

tripping operation

tripping operation of a controller

operation to establish and maintain an OFF-state (or open position in the case of a form HxB
controller) initiated by a control signal

3.1.20

trip-free controller

controller which establishes and sustains an OFF-state condition which cannot be overridden
in the presence of a trip condition

Note 1 to entry: In the case of form HxB, the term "OFF-state condition" is replaced by the term "OPEN position".
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3.1.21

overcurrent protective means

OCPM

means that cause a switching device to revert to the OFF-state or open position with or
without time-delay when the current exceeds a predetermined value

3.1.22
ON-time
period of time during which the controller is on-load

Note 1 to entry: For example as in Figure F.1.

3.1.23
OFF-time
period of time during which the controller is off-load

Note 1 to entry: For example as in Figure F.1.

3.1.24

bypassed controller
equipment wherein the main circuit contacts of a mechani
in parallel with the main circuit terminals of a semig
the operating means of the two switching devices ar

) e are connected
g device, and wherein

3.2 Vacant

3.3 Symbols and abbreviations

As

Ct

EMC

EUT

IC

Ie

Ie e/blocking and commutating capability test (9.3.3.6.4)
I yrrent (3.1.13)

1y fore the blocking and commutating capability test (9.3.3.6.4)
Iy ee air thermal current (5.3.2.1)

Lihe Conwventiohal enclosed thermal current (5.3.2.2)

I, Rated uninterrupted current (5.3.2.4)

SCPD Short-circuit protective device

U, Rated control circuit voltage (5.5)

U, Rated operational voltage (5.3.1.1)

Ui Rated insulation voltage (5.3.1.2)

Uimp Rated impulse withstand voltage (5.3.1.3)

U, Power frequency recovery voltage (Table 8)

Ug Rated control supply voltage (5.5)

4 Classification

All data which could be used as criteria for classification is given in 5.2.
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5 Characteristics of a.c. semiconductor controllers and contactors

5.1 Summary of characteristics

The characteristics of controllers and contactors shall be stated in the following terms, where
such terms are applicable:

— type of equipment (see 5.2);

— rated and limiting values for main circuits (see 5.3);

— utilization category (see 5.4);

— control circuits (see 5.5);

— auxiliary circuits (see 5.6);

— types and characteristics of relays and releases (under consider

— coordination with short-circuit protective devices (see 5.8).
5.2 Type of equipment

The following shall be stated.

a) Form of equipment

Forms of controllers and contactors (sg

b) Number of poles
1) Number of main poles

2) Number of main poles where th

element

rolled by a semiconductor switching

c) Kind of current

AC only.
d) Interrupting m;i A

symmetrically confrolled controller (such as semiconductor with fully controlled phases);

— non-symmetrically controlled controller (such as thyristors and diodes).
2) Method of control
For example:

— automatic (by pilot switch or sequence control);
— non-automatic (that is push-buttons);

— semi-automatic (that is partly automatic, partly non-automatic).
3) Method of connecting
For example (see Figure 2):

— load in star, thyristors connected between load and supply;

Documents

Document Sharing Hub

Full document details: IEC 60947-4-3 2014


http://www.avadocuments.com/doc/iec-60947-4-3-2014
http://www.avadocuments.com/doc/iec-60947-4-3-2014

- 20 - IEC 60947-4-3:2014 © IEC 2014

— load in delta, thyristors connected between load and supply;

— single-phase load, thyristors connected between load and supply.

@%
S
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1413/1

Figure 2a — Load in star Thyristors bétween load and supp

F AR ®3

S
Y

igure 2b — Load in delta Thyristors between load and supply

|
N~ Y

I~
S

IEC 1414/14

IEC 1415/14

Figure 2c — Single-phase load Thyristors between load and supply

Figure 2 — Methods of connecting
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5.3 Rated and limiting values for main circuits

The rated and limiting values established for controllers and contactors shall be stated in
accordance with 5.3.1 to 5.3.6, but it may not be necessary to establish all applicable values
by tests.

5.3.1 Rated voltages

A controller or a contactor is defined by the following rated voltages.

5.3.1.1 Rated operational voltage (U,)

Subclause 4.3.1.1 of IEC 60947-1:2007 applies with the following addition

The rating of a.c. equipment shall include the number of phases g
equipment obviously intended for single-phase use only is not requ
of phases.

s rating of
umber

5.3.1.2 Rated insulation voltage (U;)

Subclause 4.3.1.2 of IEC 60947-1:2007 applies.

5.3.1.3 Rated impulse withstand voltage (

Subclause 4.3.1.3 of IEC 60947-1:200

5.3.2 Currents

A controller or a contactor i§ ine¢ i rents.

rent, I, of controllers and contactors is the normal operating current
when the devicevs in the FULL-ON state and takes into account the rated operational voltage
(see 5.3.1.1), the xated frequency (see 5.3.3), the rated duty (see 5.3.4), the utilization
category (see 5.4), the overload characteristics (see 5.3.5) and the type of protective
enclosure, if any.

5.3.2.4 Rated uninterrupted current (1)

Subclause 4.3.2.4 of IEC 60947-1:2007 applies.

5.3.3 Rated frequency

Subclause 4.3.3 of IEC 60947-1:2007 applies.

5.3.4 Rated duty

The rated duties considered as normal are as follows.
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5.3.4.1 Eight-hour duty
A duty in which the controller remains in the FULL-ON state while carrying a steady current

long enough for the equipment to reach thermal equilibrium but not for more than 8 h, without
interruption.

5.3.4.2 Uninterrupted duty

A duty in which the controller remains in the FULL-ON state while carrying a steady current
without interruption 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 60947-1:2007 applies except that the first pa

graph is changed to

read:
"A duty with on-load periods in which the controller remains in the ate Yor load
control state), having a definite relation to off-load periods, both_pe heing. too short to

allow the equipment to reach thermal equilibrium."

5.3.44 Temporary duty

Duty in which the semiconductor controller remai
state) for periods of time insufficient to allow the

state (or load control
ermal equilibrium, the

5.3.4.5 Periodic duty

Subclause 4.3.4.5 of IEC

5.3.4.6 Duty gcl

For the purpose i y cycle is expressed by two symbols, F and S. This
AN < that must be allowed for cooling.

S is the number of operating cycles per hour. The preferred values of S are:

§=1,2,3,4,5,6, 10, 20, 30, 40, 50, 60 operating cycles per hour.

NOTE Other values of F and/or S can be declared by the manufacturer.
5.3.5 Normal load and overload characteristics

Subclause 4.3.5 of IEC 60947-1:2007 applies with the following additions.

5.3.5.1 Overload current profile

The overload current profile gives the current/time coordinates for the controlled overload
current. It is expressed by two symbols, X and 7,.
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X denotes the overload current as a multiple of I, selected from the array of values in Table 6
and represents the maximum value of operating current under operational overload
conditions.

Deliberate overcurrents not exceeding ten cycles of the power-line frequency which may
exceed the stated value of X x I are disregarded for the overload current profile.

T, denotes the sum of duration times for the operational overload currents during the
switching function (for example pre-heater elements of metal vapour lamps), load control and
steady-state operating. See Table 6.

5.3.5.2 Operating capability

Operating capability represents the combined capabilities of

— current commutation and current carrying in the ON-state, and

— establishing and sustaining the OFF-state (blocking),

at full voltage under normal load and overload conditig ce with utilization

category, overload current profile and specified duty cy

Operating capability is characterized by:

— rated operational voltage (see 5.3
— rated operational current (see 5.3.2.3
— rated duty (see 5.3.4);

— overload current profile

— utilization category (se®
Requirements are give
5.3.5.3 Switcé

Typical service ¢

Subclause 4.4 of IEC 60947-1:2007 applies with the following addition.

For controllers and contactors the utilization categories as given in Table 2 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 (see Table 2) is characterized by the values of the currents,
voltages, power-factors and other data of Tables 3, 4, 5 and 6 and by the test conditions
specified in this standard.

The first digit of the utilization category identification designates a semiconductor switching
device (e.g., within this standard, a semiconductor controller or contactor).

The second digit designates a typical application. In the case of AC-55 -
respectively, the a- or b-suffix serves to define the application more closely:. ﬂﬁéﬁﬁqents
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NOTE As opposed to the convention used in IEC 60947-4-2 for a.c. semiconductor motor controllers and starters,
these suffixes do not refer to the use of a bypass switching device.

5.

41 Assignment of ratings based on the results of tests

A designated semiconductor controller or contactor with a rating for one utilization category
which has been verified by testing can be assigned other ratings without testing, provided
that:

the rated operational current and voltage that are verified by testing shall not be less than
the ratings that are to be assigned without testing;

the utilization category and duty cycle requirements for the tested rating shall be equal to
or more severe than the rating that is to be assigned without testing; elative levels of
severity are given in Table 3;

the overload current profile for the tested rating shall be equal t
rating that is to be assigned without testing, in accordance
severity in Table 3. Only values of X lower than the teste

without testing.
Table 2 — Utilization ca/te_{

Utilization Ty icajapplic tlo\)
category N
AC-51 Non-inductive or sllngucM % resﬁstaéc fu‘\rn%es
AC-55a Switching of electric %sghakgg mp c trols\ )
AC-55b Switching of incandesg lamp
AC-56a Switching of transforn&@rs >
AC-56b Switclfng o ¢ aﬁf\m\\\nks\_} S
NOTE 1 A means of by i \L> i
provided. This can be integralw,
NOTE 2 |If the u n
above, then this is s 3

/\Q \{X\’()Relatlve levels of severity

Sev |ty evel atlon category Overload current profile ON-time/OFF-time
requirements
\ V4 AC-51
Most sever AC-55a Highest value of Highest value of
AC-55b (Xx15)2 x T, (Note 1) F x S (Note 2)
AC-56a
AC-56b
all without bypass
AC-55a Highest value of Lowest value of
only in conjunction with (XxI,)2 x T, (Note 1) OFF-time (Note 3)
bypass
NOTE 1 When the highest value of (Xx/,)2 x T, occurs at more than one value of Xx/,, then the highest value of
XxI, applies.
NOTE 2 When the highest value of F x S occurs at more than one value of S, then the highest value of S applies.
NOTE 3 When the highest value of (Xx/,)2 x T, occurs at more than one value of OFF-time, then the lowest value
of OFF-time applies.
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5.5 Control circuits

Subclause 4.5.1 of IEC 60947-1:2007, Amendment 1 (2010) applies with the following
additions.

The characteristics of electronic control circuits are:

— kind of current;

— power consumption;

— rated frequency (or d.c.);

- rated control circuit voltage, U, (nature: a.c./d.c.);

- rated control supply voltage, Ug (nature: a.c./d.c.);

— nature of control circuit devices (contacts, sensors).

NOTE A distinction is made between control circuit voltage U,, which is the gral,™and control
supply voltage, U, wh|ch is the voltage applled to energize the power spply eLii ontrol circuit

5.6  Auxiliary circuits

Subclause 4.6 of IEC 60947-1:2007 applies with

Electronic auxiliary circuits perform use
etc.) that are not necessarily relevant to
characteristic.

e monitoring, data acquisition,
rhing the intended performance

unusual performance fe
characteristics

Digital inputs and;r digita

hort-circuit protective devices (SCPD)
Controllers a tactors are characterized by the type, ratings and characteristics of the

SCPD to be use provide an adequate protection of the controller or contactor against
short-circuit currents?

Requirements are given in 8.2.5 of this standard and in 4.8 of IEC 60947-1:2007,
Amendment 1 (2010).

6 Product information

6.1  Nature of information
The following information shall be given by the manufacturer.

Identification
a) the manufacturer's name or trade mark;

b) type designation or serial number;

c) number of this standard. Documents
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Characteristics, basic rated values and utilization
d) rated operational voltages (see 5.3.1.1);

e) rated operational currents, corresponding utilization category (see 5.4), overload current
profile (see 5.3.5.1), and duty cycle (see 5.3.4.6) or OFF-time, comprising the rating index.

The prescribed format for AC-51 is shown by this example:
100 A: AC-51: 1,6 x I, — 46 s: 50 — 30

This indicates 100 A current rating for general applications with non-inductive or slightly
inductive loads. The device can accommodate 150 A for 46s, 50 % on-load factor,
30 standard operating cycles per hour.

If the rated operational current only applies if the controller is used in_conjunction with a
bypass, then this shall be indicated by the following prescribed form/of the rating index,
shown by example for AC-55a:

100 A: AC-55a: 2 x1,—-30s:180 s

This indicates 100 A current rating for the switching on of el
The device can accommodate 200 A for 30 s, the OFF-ti
before any subsequent switch-on may be initiated.

be\less>than 180 s

f) either the value of the rated frequency 50 Hz/60 Hz,

n) rated conditional
type, current
p) vacant.

Control circuits

q) rated co irsui o hature of current and rated frequency, and, if necessary,
rated sontyol supply\voltage U, nature of current and rated frequency and any other
inforfation o 3 impedance matching requirements) necessary to ensure
satisfac s iary” of the control circuits (see Annex U of I|EC 60947-1:2007,

Auxiliary circuits
r) nature and ratings of auxiliary circuits (see 5.6);

Overcurrent protective means

s) vacant.

EMC emission and immunity levels

t) the equipment class and the specific requirements necessary to maintain compliance (see
8.3.2); if an EMC filter is required to fulfil the emission levels given in Table 15, its
reference and characteristics from 9.4.1.1 have to be stated;

u) the immunity levels attained and the specific requirements necessary to maintain
compliance (see 8.3.3).
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6.2 Marking

Subclause 5.2 of IEC 60947-1:2007, Amendment 1 (2010) applies to controllers and
contactors with the following addition.

Data under d) to u) in 6.1 shall be included on the nameplate, or on the equipment, or in the
manufacturer's published literature.

Data under c) and |) in 6.1 shall preferably be marked on the equipment.

6.3 Instructions for installation, operation and maintenance

Subclause 5.3 of IEC 60947-1:2007 applies, with the following addition.

— in the event of a short-circuit;

— in the event of temperature rise above 50 K of the metallic

711 Ambient air te

The ambient air tempera
does not exceed ::5 °
The lower limit of the
Ambient air tempe xigting in the vicinity of the equipment if supplied without
enclosure, oyin ichai he enclosure if supplied with an enclosure.

be consulted. Information gjven in the manufacturers catalogue may satisfy this requirement.

7.1.2 Altitude

Subclause 6.1.2 of IEC 60947-1:2007 applies with the following modification.
The altitude of the site of installation does not exceed 1 000 m.

For equipment to be used at higher altitudes, it is necessary to take into account the reduction
of the dielectric strength and the cooling effect of the air. Electrical equipment intended to
operate in these conditions should be designed or used in accordance with an agreement
between manufacturer and user.

71.3 Atmospheric conditions
7.1.3.1  Humidity
Subclause 6.1.3.1 of IEC 60947-1:2007 applies. Documents
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7.1.3.2 Degrees of pollution
Unless otherwise stated by the manufacturer, controllers and contactors are intended for use
in pollution degree 3 environmental conditions, as defined in 6.1.3.2 of IEC 60947-1:2007.

However, other pollution degrees may be considered applicable, depending upon the micro-
environment.

7.1.4 Shock and vibrations

Subclause 6.1.4 of IEC 60947-1:2007 applies.

7.2 Conditions during transport and storage

Subclause 6.2 of IEC 60947-1:2007 applies.

7.3 Mounting

Subclause 6.3 of IEC 60947-1:2007 applies for EMC consider d 9.4 of this

standard.

7.4  Electrical system disturbances and influence

For EMC considerations, see 8.3 and 9.4.

8 Constructional and performa

8.1 Constructional requirements

8.1.1 General

Subclause
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 in 8.2.1.1.1 of IEC 60947-1:2007 at a test temperature of 850 °C.

8.1.2.3 Test based on flammability category

Subclause 7.1.2.3 of IEC 60947-1:2007, Amendment 1 (2010) applies.

8.1.3 Current-carrying parts and their connections

Subclause 7.1.3 of IEC 60947-1:2007, Amendment 1 (2010) applies.

8.1.4 Clearances and creepage distances

Subclause 7.1.4 of IEC 60947-1:2007 applies with the following note.
Documents
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NOTE The nature of a semiconductor makes it unsuitable for use for isolation purposes.
8.1.5 Actuator

Vacant

8.1.6 Indication of the contact position

Vacant

8.1.7 Additional requirements for equipment suitable for isolation

Vacant

8.1.8 Terminals

Subclause 7.1.8 of IEC 60947-1:2007, Amendment 1 (2010)
following additional requirements.

8.1.8.4 Terminal identification and marking

Annex A.

8.1.9

Vacant

8.1.11 Enclos@
Subclause 7.1.11 F
closed equipment

[:2007, Amendment 1 (2010) applies.

8.2 Performance requirements
8.2.1 Operating conditions
8.2.11 General

Auxiliary devices used in controllers and contactors shall be operated in accordance with the
manufacturer's instructions and their relevant product standard.

8.2.1.1.1 Controller and contactors shall be so constructed that they

a) are trip-free (see 3.1.20);

b) can be caused to return to the OPEN or OFF-state by the operating means at any time
during switching from the OFF to the ON-state or while in the FULL-ON state.

Compliance is verified in accordance with 9.3.3.6.4. Documents
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8.2.1.1.3 Controllers and contactors shall not malfunction due to mechanical shock or
electromagnetic interference caused by operation of their internal devices.

Compliance is verified in accordance with 9.3.3.6.4.

8.2.1.1.4 The moving contacts of the series mechanical switching device in hybrid load
controllers and contactors shall be so mechanically coupled that all poles make and break
substantially together whether operated manually or automatically.

8.2.1.2 Limits of operation of controllers

etween 85 % and
when tested
in accordance with 9.3.3.6.4. Where a range is declared, 85 % shall gpp ower value
and 110 % to the higher.

Controllers and contactors shall function satisfactorily at any voltage b

8.21.3 Relays and releases associated with controllers

Relays and releases to be associated with a controller to | ide _pietection for the load shall
operate within a time T, at a current X x [, where X e thewvalues given by the

8.2.1.4 Vacant
8.2.1.5 Vacant

8.2.1.5.1 Vacant

8.2.1.5.2 Vacant

controllers

8.2.1.6 Type-teste COMDO

8.2.1.6.1 Swit
standard shall be ¢

e requirements of their own relevant product
ally type-tested devices subject to the following

a) the temperature echarrical switching devices shall comply with 8.2.2;
b) the making pacity of mechanical switching devices shall comply with
8.2.4

c) semicohd ! i g devices shall comply with 8.2.4.1 for the utilization category
according to ended ratings of the bypassed controllers.

8.2.1.6.2 For the purpose of setting requirements for bypassed controllers, switching devices
which meet all of the requirements of 8.2.1.6.1, before they are installed, shall be identified as
type-tested components suitable for unrestricted use in a bypassed controller (see Annex J).

8.21.7 Dependent components in bypassed controllers

For the purpose of setting requirements for bypassed controllers, switching devices which do
not meet all of the requirements of 8.2.1.6.1, before they are installed, shall be identified as
dependent components suitable only for restricted use in a bypassed controller (see Annex J).

8.2.1.8 Unrestricted use of switching devices in bypassed controllers

When both the mechanical switching device and the semiconductor switching device are
identified as type tested components, these devices shall be arranged and connected to
comply with the assigned rating, duty and the end use intended by the manufacturer. There

shall be no further restrictions. Documents
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8.21.9 Restricted use of switching devices in bypassed controllers

When either one or both switching devices are identified as dependent components, the
switching devices shall comply with the following:

a) the switching devices shall be combined, rated and tested as a unit;

b) the switching devices shall be interlocked, by any of the following means, either
individually or in combination: electrical, electronic or mechanical means, such that the
mechanical switching contacts shall not be required to make or break overload currents
without direct intervention by the semiconductor switching device;

c) the semiconductor switching device shall be enabled to take over the control of the current
flowing in the main circuit whenever it is necessary to make or break overload currents.

8.2.2 Temperature rise

ges below 100 V. In
have the contacts

8.2.2.1 Vacant
8.2.2.2 Vaca

8.2.2.3 Vacan

— for a controller or contactor intended for 8 h duty: its conventional thermal current (see
5.3.2.1 and/or 5.3.2.2);

— for a controller or contactor intended for uninterrupted duty, intermittent or temporary duty:
the relevant rated operational current (see 5.3.2.3).

8.2.24.2 Series mechanical switching devices for hybrid controllers

For hybrid controllers, the temperature rise of the components in series with the main circuit
shall be verified by the procedures given in 9.3.3.3.4 and 9.3.3.6.2 (see Table 13).

1) IEC 60417, Graphical symbols for use on equipment Documents
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8.2.243 Parallel mechanical switching devices for bypassed controllers

Devices identified as type tested components (see 8.2.1.6) shall be capable of carrying the
current I without the temperature rises exceeding the limits specified in 7.2.2.1 of
IEC 60947-1:2007.

For devices identified as dependent components (see 8.2.1.7), the temperature rise shall be
verified by the procedures given in 9.3.3.3.4 and 9.3.3.6.2 (including Table 7 and Table 13).
The device shall be tested as an integral part of a unit where the prescribed on-load periods
for the two switching devices (Table 7) shall be determined by a sequence of operations
which is the same as intended in normal service.

8.2.2.4.4 Semiconductor devices connected in the main circuit

The temperature rise of the semiconductor devices connected in
verified by the procedures given in 9.3.3.3.4 and 9.3.3.6.2 (thermal

8.2.2.5 Control circuits

Subclause 7.2.2.5 of IEC 60947-1:2007 applies.

8.2.2.6 Windings of coils and electromagnets
8.2.2.6.1 Uninterrupted and 8 h du

With the maximum value of current flo
withstand under continuous load and 3

NOTE The temperature ri
ambient air temperature re

8.2.2.6.3 Spesially 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 can include coils of contactors or controllers which are energised during the
starting period only, trip coils of latched contactors and magnetic valve coils for inter-locking pneumatic contactors.
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Table 4 — Temperature rise limits for insulated coils in air and in oil

Temperature rise limit
. . . (measured by resistance variation)
Class of insulating material
(according to IEC 60085) K
Coils in air Coils in oil
A 85 60
E 100 60
B 110 60
F 135 -
H 160 - f\

Table 5 — Intermittent duty test cycle(d@
Intermittent One close-open Interv tine urlﬁ w '?h.
i the supply t caontrol coil is
duty class operating cycle every aintdine

1 3600 s \>
3 1200s
12 0 >
orrespond to the
30 128.s

120
300
1200

8.2.2.7 Auxi i

Subclause 7.2.2.7

materials

8.2.3 Dielectrie properties

The following requirements are based on the principles of the IEC 60664 series and provide
the means of achieving coordination of insulation of equipment with the conditions within the
installation.

The equipment shall be capable of withstanding

— the rated impulse withstand voltage (see 5.3.1.3) in accordance with the overvoltage
category given in Annex H of IEC 60947-1:2007;

— the impulse withstand voltage across the contact gaps of devices suitable for isolation as
given in Table 14 of IEC 60947-1:2007;

— the power-frequency withstand voltage.

NOTE 1 A direct voltage can be used instead, provided its value is not less than the projected alternating test

voltage crest value.
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NOTE 2 The correlation between the nominal voltage of the supply system and the rated impulse withstand
voltage of the equipment is given in Annex H of IEC 60947-1:2007.

The rated impulse withstand voltage for a given rated operational voltage (see Notes 1 and 2
of 4.3.1.1 of IEC 60947-1:2007) shall be not less than that corresponding in Annex H of
IEC 60947-1:2007 to the nominal voltage of the supply system of the circuit at the point where
the equipment is to be used, and the appropriate overvoltage category.

The requirements of this subclause shall be verified by the tests of 9.3.3.4.

8.2.3.1 Impulse withstand voltage

1) Main circuit

Subclause 7.2.3.1 1) of IEC 60947-1:2007 applies.
2) Auxiliary and control circuits

Subclause 7.2.3.1 2) of IEC 60947-1:2007 applies with 2) a) modified as\fo

8.2.3.3 Clearances

Subclause 7.2.3.6 of IEC 60947-1:2007 applies.

8.2.4 Normal load and overload performance requirements

Requirements concerning normal load and overload characteristics according to 5.3.5 are
givenin 8.2.4.1 and 8.2.4.2.

8.2.41 Operating capability requirements

Controllers and contactors shall be required to establish an ON-state, to commutate, to carry
designated levels of load and, if applicable, overload currents, and to establish and sustain an
OFF-state condition without failure or any type of damage, when tested in accordance with
9.3.3.6.

For controllers and contactors designated for the utilization categories AC-51, -55a, -55b,

-56a, -56b and intended for use without a bypass, values of T, corresponding |

shall be not less than those given in Table 6. bééﬂﬁients
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Controllers and contactors designated for the utilization category AC-55a and intended for use
with a bypass shall be capable of accommodating those applications where long switch-on
times at currents greater than the rated continuous current are required (for example
switching of lamps with preheating times). It shall be understood that the maximum thermal
capacity of the controller may be fully depleted during the on-load period. Therefore, a
suitable off-load period (for example bypass means) shall be provided for the controller
immediately after the on-load period has expired. The values of T, and the corresponding X
values as well as the minimum off-load period shall be subject to agreement between
manufacturer and user and shall be declared in the rating index using the prescribed format
(see 6.1).

Ratings shall be verified under the conditions stated in Table 7 and Table 8 and in the
relevant parts of 8.3.3.5.2 and 8.3.3.5.3 of IEC 60947-1:2007.

Where X x I, is greater than 1 000 A, verification of the overload capakility §hall bexsubject to

In Tables 7 and 8, the duty cycle for utilization categories ACK51 ), -56a, -56b all
without bypass (F — § = 50 — 1), and the OFF-time for, ization.categgries” AC-55a with
bypass (OFF-time = 1440s), are the least severe requiremeg 8 h duty. The
manufacturer may claim compliance with a more seve i i ase*he shall conduct a

test for the most severe duty in accordance with Tab

ON-time (s) = 36 FIS
OFF-time (s) = 36(1

1 440 s that are allowe : r, this shall be verified by testing with the OFF-
time declared b

For controllers a
manufacturer sh

S , temporary or periodic duty, the
ays for F and S given in 5.3.4.6.

um overload current W|thstand time (7,)

“K=20ms [7,=200ms | 7,=1s T,=10s | 7,=60s | 7,=300s |Continuous
AC-51 x=nt4" | x=14 X=14 X=12 X=1,1 X=1 X=1
AC-55a X=10 X=6 X=4 x=3 X=2 X=18 X=1
AC-55b X =10 X=6 X=12 X=11 X=1 X=1 X=1
AC-56a X =30 X=6 X=12 X=1,1 X=1 X=1 X=1
AC-56b X =30 X=14 X=11 X=1 X=1 X=1 X =1
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Table 7 — Minimum requirements for thermal stability test conditions

Utilization Form of Test current, I, Operating
category controller Operating cycle ON-time cycle ®
s
Test level OFF-time
Without bypass I; ON-time s
s
AC-51 4, H4 XxIy Ty Ty
AC-55a 5, H5
AC-55b
AC-56a
AC-56b A\ Q\
With bypass I; /{Ngl\rkx \)

AC-55a 4, H4 3x1, 240 <1440
5 HS Q \
\‘>

Parameters of the test circuit:
I, = rated operational current

It = test current

Ut = test voltage (may be any value)
Cos ¢ = test circuit power factor (may be an

number of operating cycles *®

# The number of operating ¢ s will en
equilibrium. N
N \/

N

of'time required for the controller to reach thermal
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Table 8 — Minimum requirements for overload capability test conditions

Utilization Parameters of the test circuit Operating Operating Number of
category cycled cycled operating
ON-time OFF-time cycles
I.l1, UlU, 2 Cos b s s
AC-51 X 1,1 0,8 Ty > 10 5
AC-55a 3,0 1,1 0,45 0,05 >10 5
AC-55b 1,5 1,1 © 0,05 60 50
AC-56a 30 1,1 <1 0,05 >10 5
AC-56b g 1,1 f 0,05 >1 1000
1. = test current A
I, = rated operational current
U, = rated operational voltage
U, = power-frequency recovery voltage .

Temperature conditions

The initial case temperature C;, for each test shall be not less
during the temperature rise test (9.3.3.3), or alternatively
minimum requirement for the thermal stability tes
temperature shall be between +10 °C and y{) °C.

corpesponding to the respective
ilg the test, the ambient air

9 Capacitive rati
and experience.

<
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Table 9 — Minimum requirements and conditions for performance testing,
including blocking and commutating capability

Test load parameters of the test circuit Test cycles
Utilization
category Ui, Power Cos ¢ ON-;ime OFF;time
AC-51 1,0 @ 0,8....1,0 0,5 0,5
AC-55a 1,0 ° 0,45 0,5 0,5
AC-55b 1,0 © ¢ f 0,5
AC-56a 1,0 ¢ <0,45 f :
AC-56b 1,0 ¢ h
The following tests are to be carried out:
— test 1: 100 operating cycles with 85 % U, and 85 % Us;
— test 2: 1 000 operating cycles with 110 % U, and 110 % Us.
During the tests:
— the load and the ambient air may be at any temperature between 16C and 4
— true r.m.s. voltage measuring means shall be connected betveen™t i tral and the load side
terminal on each pole of the EUT;
— settings are limited to only those external adjusting me i manufacturer in the normal product

offerings. Controllers fitted with ramp-up functio maximum ramping time or

10 s, whichever is less.
Results to be obtained:
1) 1a) or 1b) shall be fulfilled
1a) Io <1 mAand I <1 mA
1b) if Io > 1 mAor [g > 1
- Al< 1 foreac
and
- Igan
2)  No visual evidence®f d

3) No loss of funct{onalitinas s

b

C

d

e The test load shathbg’any convenient capacitor or capacitor bank.

f The on-time shall be greater than that time required to reach the steady-state nominal current.

g The off-time is that time required for the current to become less than 10 % of the nominal ON-state current
value.

h The off-time is that time required for the voltage on the capacitor to become less than 10 % of the nominal
voltage due to the discharge of the capacitor through any convenient discharge resistor.

8.24.2 Making and breaking capacities for switching devices in the main circuit
8.24.21 General
The controller or contactor, including the mechanical switching devices associated with it,

shall be capable of operating without failure in the presence of overload current.
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The capability of making and breaking currents without failure, shall be verified under the
conditions stated in both Table 10 and Table 11, for the required utilization categories, and
the number of operations indicated.

Table 10 — Making and breaking capacity test — Making and breaking conditions
according to utilization categories for the mechanical switching
device of hybrid semiconductor controller and contactor H4, H5

Utilization Make and break conditions
category
1.1, U,lU, Cos ¢ ON-time OFF-time Number of
operating
s /s\ cycles
AC-51 1,5 1,05 0,80 0,05 a 50

AC-55a 3,0 0,45
AC-55b 1,5" b
AC-56a 30 c x

AC-56b d
N\ \\/ OFF-time
S

I, = current made and broken, expressed in
a.c. r.m.s. symmetrical values

I, = rated operational current 10
U, = rated operational voltage 20
U, = power-frequency recovery voltage 30
40
a  OFF-time shall not be greater than the 60
values given in the chart. 80
b Tests to be carried out
light load. <I,< 1000 100
<I,< 1300 140
Ie peak=30"Q§ <Iy< 1600 180
Cos ¢ preferred: , <1, 240
d  Capacitive rati
capacitor switching
basis  of . establi
experience’
N\
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Table 11 — Conventional operational performance — Making and breaking conditions
according to utilization categories for the mechanical switching
device of hybrid controllers and contactors H4B, H5B

Utilization Make and break conditions
category
I I, U lU, Cos ¢ ON-time OFF-time Number of
operating
s s cycles
AC-51 1,0 1,05 0,80 0,05 a 6 000d
AC-55a 2,0 0,45 a

AC-55b 1,0° b m
c c
AC-56a /\\ ~

AC-56b ¢ ¢

I, = current made and broken, expressed in a.c. r.m.s. symmetrical values
I, = rated operational current

U, = rated operational voltage

U, = power-frequency recovery voltage

a  OFF-times shall not be greater than the values given in Table 10.

b Tests to be carried out with incandescent light load.

¢ Under consideration.

of ogperati

%

devices of hybrid controllers

d  For manually operated switching devices,
5 000 off load.

cycles shall be 1 000 on load, followed by

8.2.4.2.2 Series m

The series mechanical
meet the requir
8.2.4.2 when tested a

ne main circuit of controllers and contactors shall
standards, and the additional requirements of

g capacity shall be verified by the procedures of 9.3.3.5.1 and

8.24.23 Type tested, parallel mechanical switching devices of bypassed controllers

The making and breaking capacity shall be verified when tested as a stand-alone device in
accordance with the procedures of 9.3.3.5.1 and 9.3.3.5.3.

8.24.24 Dependent, parallel mechanical switching devices of bypassed controllers

The making and breaking capacity shall be verified when tested as a combined unit in
accordance with the procedures of 9.3.3.5.1 and 9.3.3.5.4.

8.24.2.5 Semiconductor switching devices

The capability to control overload currents shall be verified by the procedures of 9.3.3.6.3 and
9.3.3.6.4.
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8.243 Requirements for an initiating load

The initiating load for short-circuit testing (see Figure |.1) shall be any convenient passive
load with the following characteristics:

a) the rated voltage shall be equal to or greater than U, for the device to be tested;
b) the power factor shall be between 0,8 and 1,0;

c) with voltage U, applied to the initiating load, the current flow may be any value greater
than 1 A.

8.2.5 Coordination with short-circuit protective devices

8.2.5.1 Performance under short-circuit conditions

The rated conditional short-circuit of controllers and contactors bag]
device(s) (SCPDs) shall be verified by short-circuit tests as specifi
mandatory.

in 9.3.4.3.

Type 2 coordination requi
danger to persons or to all’be suitable for further use. For hybrid
controllers and contacters, ; , welding is recognized, in which case the
manufacturer shajl ind s Q be taken as regards the maintenance of the
equipment. é

NOTE Use of an Sg
coordination.

icev/with the manufacturer’'s recommendations can invalidate the

8.2.5.2
8.3 EN
8.3.1

It is widely accepted’that the achievement of electromagnetic compatibility between different
items of electrical and electronic apparatus is a desirable objective. Indeed, in many countries
mandatory requirements for EMC exist.

The requirements specified in the following subclauses are included to permit the
achievement of electromagnetic compatibility for controllers and contactors. All relevant
immunity and emission requirements are covered and additional tests are not required or
necessary. EMC performance is not guaranteed in the event that the contactor is subject to
electronic component failure. These conditions are not considered and do not form part of the
test requirements.

All phenomena, whether emission or immunity, are considered individually: the limits given
are for conditions which are not considered to have cumulative effects.

For EMC tests, the minimum system to be considered is the controller interconnected with a
load, cables and the needed aukxiliaries for fully exercise.
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These subclauses do not describe or affect the safety requirements for a semiconductor
controller or contactor such as protection against electric shocks, insulation coordination and
related dielectric tests, unsafe operation, or unsafe consequence of a failure.

8.3.2 Emission

Subclause 7.3.3.2 of IEC 60947-1:2007 applies according to the relevant set of environmental
conditions defined in subclause 7.3.1 of IEC 60947-1:2007, Amendment 1 (2010).

The relevant set of environmental condition must be stated in the information to be given with
the equipment.

8.3.2.1 Low-frequency emission with reference to main power freg

8.3.2.1.1 Harmonics

Subclause 7.3.3.2.2 of IEC 60947-1:2007 applies with the followjng additjo

ate, tests are not
QN state or which are

8.3.2.1.2 Voltage fluctuation

This phenomenon does not arise from ductor controller, therefore no

tests are required.

8.3.2.2 High-frequency emission

Electrical syst ences may be destructive or non-destructive depending on the intensity
of the influence. uctive influences (voltage or current) cause irreversible damage to a
controller. Non-destructive influences may cause temporary malfunction or abnormal
operation, but the controller returns to normal operation after the influence has been
minimized or removed; in some cases this may require manual intervention.

The manufacturer should be consulted in those instances where severe external influences
may occur, which are greater than the levels for which the controller has been tested, for
example installations in remote locations with long power transmission lines, close proximity
to ISM equipment as defined in CISPR 11.

NOTE The careful application of de-coupling practices during installation helps to minimize the external transient
influences. For example, control-circuit wiring can be separated from power-circuit wiring. Where closely coupled
wiring cannot be avoided, twisted pairs or shielded wiring can be used for control-circuit connections.

A number of requirements are listed. The test results are specified using the performance
criteria of IEC 61000-4 series. For convenience, the performance criteria are quoted here and
described in more specific detail in Table 12.
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These criteria are:

1) the normal performance within the specification limits;

2) the temporary degradation or loss of function or performance which is self-recoverable;

3) the temporary degradation or loss of function or performance which requires operator
intervention or system reset. Normal functions must be restorable by simple intervention,
for example by manual reset or restart. There must not be any damaged components.

In Table 12, the acceptable performance criteria, which are used when a complete controller
is tested, are described for overall performance (A). When it is not possible to test the

complete controller, the individual circuit elements (B, C) are used.

Table 12 — Specific performance criteria when EM disturbances$ are present
Item Performance criteria du \Qsts\
1 2

A Overall performance No noticeable
changes of the
operating
characteristic.
Operating as
intended.

Noticeable changes

evi

operating
characteristic.
iggering of protective

~Sganges hon?

Nuat self-recoverable.

B Operation of displays and No changes to
control panels isi i

Shut-down.

mode.

Permanent loss or display
of wrong information.
Unpermitted operating

Not self-recoverable.

C Information processing and
sensing functions

porarily

isturbed
communication with
possible error
reports of the
internal and external
devices.

information.

information.

Erroneous processing of
Loss of data and/or

Errors in communication.
Not self-recoverable.

ency electromagnetic fields

The test values and procedures are given in 9.4.2.2.

8.3.3.4 Fast transients (5/50 ns)

The test values and procedures are given in 9.4.2.3.

8.3.3.5 Surges (1,2/50 us — 8/20 ps)

The test values and procedures are given in 9.4.2.4.

8.3.3.6 Harmonics and commutation notches

The test values and procedures are given in 9.4.2.5.
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8.3.3.7 Voltage dips and short-time interruptions

The test values and procedures are given in 9.4.2.6.

8.3.3.8 Power-frequency magnetic field

Tests are not required. Immunity is demonstrated by the successful completion of the
operating capability test (see 9.3.3.6).

9 Tests

9.1 Kinds of tests

9.1.1 General

Subclause 8.1.1 of IEC 60947-1:2007 applies.

9.1.2 Type tests

Type tests are intended to verify compliance of the desig trolle ¢V contactors of all

a) temperature-rise limits (see 9.3.3.3);
b) dielectric properties (see 9.3.3.4);

c) operating capability (see 9.3.3.6);

d) operation and operating limits (see /9
e) rated making and breaking capaci

applies);
h) degrees of proteg

Subclause 8
instead.

Routine tests for controllers and contactors comprise
— operation and operating limits (see 9.3.6.2);

— dielectric tests (see 9.3.6.3).

9.1.4 Sampling tests

Sampling tests for controllers and contactors comprise

— operation and operating limits (see 9.3.6.2);

— dielectric tests (see 9.3.6.3).

Subclause 8.1.4 of IEC 60947-1:2007 applies with the following amplification.
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A manufacturer may use sampling tests instead of routine tests at his own discretion.
Sampling shall meet or exceed the following requirements as specified in IEC 60410 (see
Table II-A of IEC 60410:1973).

Sampling is based on AQL < 1:

— acceptance number Ac = 0 (no defect accepted);

— rejection number Re = 1 (if one defect, the entire lot shall be tested).

Sampling shall be made at regular intervals for each specific lot.

Alternative statistical methods that ensure compliance with IEC 60410 regquirements can be
used, for example statistical methods controlling continuous manufacturiig or process control
with capability index.

Sampling tests for clearance verification according to 8.3.3.43

under consideration.

9.1.5 Special tests

Special tests comprise damp heat, salt mist, vibrati J_ st ests. For these tests,
Annex Q of IEC 60947-1:2007, Amendment 1 (2010) appliges. ions of application are

NOTE 1 With the agree ur&r more than one test sequence or all sequences can be conducted
on one sample. Howé e S % ¢ i

NOTE 2 Som he sequences solely to reduce the number of samples required, the results
have no S|g ificapnce for Qe preceding Or following tests in the sequence. Therefore, for convenience of testing and
by agree exmanufa urer, these tests can be conducted on separate new samples and omitted from the
relevant se

— 8.2.4 of IEC 60947-1:2007, Amendment 1 (2010): Mechanical properties of terminals;

— Annex C of IEC 60947-1:2007, Amendment 1 (2010): Degrees of protection of enclosed equipment.

For convenience of testing, compliance with 8.2.4.2 is omitted from the following test
sequence. None the less, the manufacturer is obliged to verify compliance by other
convenient means.

The test sequence shall be as follows:

a) Test sequence |
1) Verification of temperature rise (see 9.3.3.3)
2) Verification of dielectric properties (see 9.3.3.4)
b) Test sequence II: operating capability verification (see 9.3.3.6)
1) Thermal stability test (see 9.3.3.6.2)
2) Overload capability test (see 9.3.3.6.3) Documents
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3) Blocking and commutating capability test (see 9.3.3.6.4) including verification of
operation and operating limits

c) Test sequence Il
Performance under short-circuit conditions (see 9.3.4)
d) Test sequence IV

1) Verification of mechanical properties of terminals (8.2.4 of |EC 60947-1:2007,
Amendment 1 (2010))

2) Verification of degrees of protection of enclosed equipment (see Annex C of
IEC 60947-1:2007, Amendment 1 (2010))

e) Test sequence V
EMC tests (see 9.4).

9.3.2 General test conditions

Subclause 8.3.2 of IEC 60947-1:2007, Amendment 1 (201Q)
addition.

th the same fundamental
be based on engineering

e

\struction—sha

9.3.3 load, normal load and overload conditions
9.3.3.1
9.3.3.2
9.3.3.3 Temperature rise
9.3.3.3.1 Ambient air temperature

Subclause 8.3.3.3.1 of IEC 60947-1:2007 applies.

9.3.3.3.2 Measurement of the temperature of parts

Subclause 8.3.3.3.2 of IEC 60947-1:2007, Amendment 1 (2010) applies.

9.3.3.3.3 Temperature rise of a part

Subclause 8.3.3.3.3 of IEC 60947-1:2007.
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9.3.3.34 Temperature rise of the main circuit

Subclause 8.3.3.3.4 of IEC 60947-1:2007 applies with the exception that a single phase test
shall be conducted with all poles in the main circuit loaded at their individual maximum rated
currents and as stated in 8.2.2.4, and with the following additions:

For semiconductor switching devices connected in the main circuit (see 8.2.2.4), temperature
sensing means shall be attached to the outer surface of the case of the semiconductor
switching device that is most likely to produce the highest temperature rise during this test.
The final case temperature, C;, and the final ambient temperature, 4, shall be recorded for
use in the test of 9.3.3.6.3.

For mechanical switching devices (see 8.2.2.4.2 and 8.2.2.4.4), tempers
shall be attached in accordance with the requirements of 8.3.3.3 «of
Amendment 1 (2010).

sensing means
947-1:2007,

00

9.3.3.3.5 Temperature rise of control circuits

: ) intended for duty within semiconductor
controllers or for mechaxnica i means shall comply with 8.2.2.6 with rated

current flowing throug duration of the test. The temperature rise shall
be measured duh

9.3.3.41 Type tests

1) General conditions for withstand voltage tests

Subclause 8.3.3.4.1 1) of IEC 60947-1:2007, Amendment 1 (2010) applies except the last
note. See also 8.2.3.

2) Verification of impulse withstand voltage
a) General
Subclause 8.3.3.4.1 2) a) of IEC 60947-1:2007, Amendment 1 (2010) applies.
b) Test voltage

Subclause 8.3.3.4.1 2) b) of IEC 60947-1:2007, Amendment 1 (2010) applies with the
following sentence added.

For any part for which the dielectric properties are not sensitive to altitude (e.g.
optocoupler, potted parts, etc.) the correction factor for altitude is not applicable.

c) Application of test voltage Documents
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