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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR CONVERTERS - GENERAL REQUIREMENTS
AND LINE COMMUTATED CONVERTERS -

Part 1-1: Specification of basic requirements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization=comprising
3ll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatipnal
o-operation on all questions concerning standardization in the electrical and electronic fields), To this end|and
ih addition to other activities, IEC publishes International Standards, Technical Specifications, Jechnical Repprts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC "Rublication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interestédin the subject dealt|with
fnay participate in this preparatory work. International, governmental and non-goverpmental organizations liaising
vith the IEC also participate in this preparation. IEC collaborates closely with the\International Organization for
btandardization (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 internatipnal
onsensus 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 Natipnal
Committees in that sense. While all reasonable efforts are madé_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 Publicafions
fransparently to the maximum extent possible in their national and regional publications. Any divergence between
ny IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the ldtter.

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

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 committées. and IEC National Committees for any personal injury, property damagde or
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)|and
¢xpenses arising out of thé publication, use of, or reliance upon, this IEC Publication or any other|IEC
Publications.

8) Attention is drawn to_theiNormative references cited in this publication. Use of the referenced publications is
ihdispensable for thelcarrect application of this publication.

9) IEC draws attention”to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takés no position concerning the evidence, validity or applicability of any claimed patent righfs in
espect theréof~As of the date of publication of this document, IEC had not received notice of (a) patent(s), which

ay be required to implement this document. However, implementers are cautioned that this may not reprefpent
fhe latest-information, which may be obtained from the patent database available at https://patents.iec.ch.|[IEC
ghall hot be held responsible for identifying any or all such patent rights.

mmaontad O . A\ - hao o n.ol

2 s 6 o B B B a B3 —60446 2024 ..5_0
allows the user to identify the changes made to the previous IEC 60146-1-1:2009 edition
4.0. Furthermore, comments from IEC TC 22 experts are provided to explain the reasons
of the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 60146-1-1 has been prepared by IEC technical committee 22: Power electronic systems
and equipment. It is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2009. This fifth edition
constitutes a technical revision.

This fifth edition introduces four main changes:

a)
b)

re-edition of the whole standard according to the current directives;
deletion of safety-related descriptions considering coordination with IEC 62477 series;
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changes of calculation methods of inductive voltage regulation;
changes considering coordination with IEC 61378 series.

text of this International Standard is based on the following documents:

Draft Report on voting

22/374/FDIS 22/378/RVD

information on the voting for its approval can be found in thé~teport on voting indicate
above table.

language used for the development of this International Standard is English.

5 document was drafted in accordance with ISQHEC Directives, Part 2, and develope
ordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availg
vww.iec.ch/members_experts/refdocs. Thesmain document types developed by IEC
cribed in greater detail at www.iec.ch/pulgtications.

5t of all parts of the IEC 60146 series, under the general title Semiconductor converte
peral requirements and line commiuitated converters, can be found on the IEC website.

committee has decided that-the contents of this document will remain unchanged until
pility date indicated on_the-“IEC website under webstore.iec.ch in the data related to
cific document. At this date, the document will be

reconfirmed,

withdrawn, or

revised.
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of

its contents. Users should therefore print this document using a colour printer.

that it contains colours which are considered to be useful for the correct understanding
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INTRODUCTION

The main purposes of the IEC 60146-1 series are as follows.

IEC 60146-1-1, Specification of basic requirements:

to establish basic terms and definitions;

to specify service conditions which influence the basis of rating;

to specify test requirements for electronic power converters and assemblies, standard

design (for special design, see IEC TR 60146-1-2); Q
e [to specify basic performance requirements; @
e [to give application oriented requirements for semiconductor power converters.b‘o
IEQ TR 60146-1-2, Application guidelines: q/Qq/

.

to give additional information on test conditions and components (for exam
semiconductor valve devices), when required for their use ir(bsemiconductor po
converters, in addition to or as a modification on existing standa;{bg

to provide useful reference, calculation factors, formulae and@grams pertaining to po

converter practice. C)
&
O

ble:
wer

wer
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infoymation on conveéxter transformers, related to this document, see IEC 61378-1.
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SEMICONDUCTOR CONVERTERS - GENERAL REQUIREMENTS
AND LINE COMMUTATED CONVERTERS -

Part 1-1: Specification of basic requirements

Scope-and-object

5 part of IEC 60146 specifies the requirements for the performance of all semicondu
er converters and semiconductor power switches using controllable and/or non-controllg
ctronic valve devices.

electronic valve devices mainly comprise semiconductor devices, either not controllg
rectifier diodes) or controllable (i.e. thyristors, triacs, turn-off thyristors and po
sistors). The controllable devices-may can be reverse blocking or reverse conducting

rated in the switched mode.

5 document is primarily intended to specify the basic requirements for converters in gen
the requirements applicable to line commutated convertérs for conversion of AC powe
power or vice versa. Parts of this document are also applicable to other types of electrd
er converter provided that they do not have their awn product standards.

se specific equipment requirements are applicable to semiconductor power converters
er implement power conversion or use cemmutation (for example semiconductor s

verters for DC motor drives) or include‘a combination of said characteristics (for exan
ct DC converters for electric rolling stock).

5 document is applicable to all power converters not covered by a dedicated prog
ndard, or if special features are not covered by the dedicated product standard. Gener
icated product standards:-for'power converters-should refer to this document.

E 1 This document isynot intended to define EMC requirements. It covers all phenomena and therg
duces references to dédicated standards which are applicable according to their scope.
E 2 —pa —Fo

E 3 All the'terms listed in Clause 3 are not necessarily used in this document, however they are necessa
blish a.cotmmon understanding in the application of semiconductor converters. |1

2
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Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-551:1998, International Electrotechnical Vocabulary (IEV) — Part 551: Power
electronics, available at www.electropedia.org

IEC 60050-551-20:2001, International Electrotechnical Vocabulary (IEV) — Part 551-20: Power
electronics — Harmonic analysis, available at www.electropedia.org


The note reminds the first purpose listed in Introduction. The note clarifies that this document has a mission to develop common understanding on power electronics technology by listing key terms and definitions.
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IEC

60664-1:20072020, Insulation coordination for equipment within low-voltage supply
systems — Part 1: Principles, requirements and tests

1EQ 610600 (al )\ El , ibility (EMC
lefedono m mnnts Slocleoasnatle conon Dby Lo e R
Compatibilitv—levels for low-freauency—conducted—disturbances and-—sionallina—in—nublic lhws
Cefroainiline lonenle o love fenco oy conclioto el dlintnsbonooe ol sionallin o snblie oo
IEQ 61000-2-4:2002, Electromagnetic compatibility (EMC) - Partcy2-4: Environment -—
Compatibility levels in industrial plants for low-frequency conductedidisturbances

IEQ 61000-3-2:2018, Electromagnetic compatibility (EMC) + Part 3-2: Limits — Limits|for
harmonic current emissions (equipment input current <16 Apér phase)

=4

eh

Wth

=5

=5

rarte

IECQ 61000-3-12:20042011, Electromagnetic compatibility (EMC) — Part 3-12: Limits — Limitg for
harmonic currents produced byequipment connected to public low-voltage systems with input
curtent= <16 A and < 75 A perphase

IEQ 61000-4-7:2002, Electromagnetic compatibility (EMC) - Part 4-7: Testing and
megasurement techniques — General guide on harmonics and interharmonics measurements gnd

IEC
Imn

IEG

rumentation, for power supply systems and equipment connected thereto

61000-654:2016, Electromagnetic compatibility (EMC) — Part 6-1: Generic standard
hunity standard for residential, commercial and light-industrial environments

61000-6-2:2016, Electromagnetic compatibility (EMC) — Part 6-2: Generic standard

Imr

TaTTity Starraard for imdustriat envirormernts

IEC 61000-6-4:2018, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards —
Emission standard for industrial environments
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IEC 61378-1:2011, Converter transformers — Part 1: Transformers for industrial applications
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in standardization at the following

IEC maintain terminology databases for use

ISO and
addresses:

ISO Online browsing platform: available at https://www.iso.org/obp



https://www.iso.org/obp
For the safety standards, IEC 62477 series are referred instead of IEC 62103.
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e |EC Electropedia: available at https://www.electropedia.org

NOTE The policy adopted is as follows:

— when an existing IEC 60050 definition needs amplification or additional information, the title, the reference and
the additional text are given;

— explanations and figures are given in 4.2;

— terms used in connection with converter faults are defined in IEC TR 60146-1-2.

NOTE—For-oasioruss of thic ind acraceroforancao ouabharing 1o oot i aotod TAf a1 o aybhich pa o thao oot
! J L L LR
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L

3.1 Semiconductor devices and combinations

3.11
semiconductor device
deVlice, the essential electric characteristics of which are due to the flowhof charge carrjers
within one or more semiconductor materials

HEY-151-13-63}{df-164]
[SQURCE: IEC 60050-151:2001, 151-13-63]

3.1)2
elegtronic {power) switch
elegtronic switch

opgrative unit for electronic power switching comprising at least one controllable valve device

HEY-551-43-04H[df 60} {df 123] [df 173]
[SQURCE: IEC 60050-551:1998, 551-1301]

3.1|3
sericonductor switch
ele¢tronic power switch with*semiconductor valve devices

Notg 1 to entry: Similar terms are used for electronic switches or power controllers with specific electronic vjalve
deviges, for example thyristor controller, transistor switch.

HEY-5514-13-05} faed651{df 174}

[SQURCE: (EC 60050-551:1998, 551-13-05]

3.1|4

non-controllable valve device
rectifier diode

reverse blocking valve device the current path of which conducts in its conducting direction
without any control signal being applied

HEV-561-44-041{df 45} [df 105] [df 149}
[SOURCE: IEC 60050-551:1998, 551-14-04]

3.1.5

thyristor

bi-stable semiconductor device comprising three or more junctions which can be switched from
the off-state to the on-state or vice versa
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Note 1 to entry: Devices having only three layers but having switching characteristics similar to those of four-layer
thyristors may also be called thyristors.

Note 2 to entry: The term "thyristor" is used as a generic term to cover the whole range of PNPN type devices. It
may be used by itself for any member of the thyristor family when such use does not result in ambiguity or
misunderstanding. In particular, the term "thyristor" is widely used for reverse blocking triode thyristor, formerly called
"silicon controlled rectifier".

[EV. 521-04-81] {df 178}

[SOURCE: IEC 60050-521:2002, 521-04-61, modified — Note 2 to entry added]

3.1
reverse blocking triode thyristor
thrge-terminal thyristor which for negative anode voltage does not switch, but exhibits-arevdrse
blo¢king state

HEVY-521-04-63}[df 158} {df 179} {df 193}
[SQURCE: IEC 60050-521:2002, 521-04-63]

3.1)7

reverse conducting triode thyristor
thrge-terminal thyristor which for negative anode voltage does-nhot switch and conducts Iqrge
curfents at voltages comparable in magnitude to the forward.on-state voltage

[EY 521-04-85] {df 159}
[SQURCE: IEC 6005-521:2002, 521-04-65]

3.1(8

bidjrectional triode thyristor
trialc
three-terminal thyristor having substantially the same switching behaviour in the first and third
quddrants of the current-voltage ‘characteristic

[SQURCE: IEC 600505521:2002, 521-04-67]

3.1{9
turp-off thyristor
{eh ¥ o)
thyristor-which can be switched from the on-state to the off-state and vice versa by apply
cor1tro| signals of appropriate polarity to the gate terminal

ng

NOTE —Also known-as-gate turn-off thyristor.

Note 1 to entry: The gate turn-off thyristor (GTO) and the integrated gate commutated thyristor (IGCT) are types of
turn-off thyristor.

HEMV-5214-04-68]{df 79} {df 841 [df 195]
[SOURCE: IEC 60050-521:2002, 521-04-68, modified — Note to entry added]

3.1.10

power transistor

transistor designed for switching from the on-state to the off-state and vice versa by applying
control signals of appropriate polarity to the base or gate terminal {df424}{df 186}
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Note 1 to entry: The structure of the device intrinsically provides the capability of amplification
(see IEC 60050-521:2002, 521-04-46).

Note 2 to entry: Different technologies of power transistors are used, such as bipolar transistors, insulated gate
bipolar transistors (IGBT), metal-oxide-semiconductor field-effect transistors (MOSFET), etc.

3.1.11

valve device stack

single structure of one or more electronic valve devices with its (their) associated mounting(s)
and auxiliaries if any

HENLEE1. 14121 14f 17471 1df 2031
e . TT T

[SQURCE: IEC 60050-551:1998, 551-14-12]

3.1]12

valye device assembly
elegtrically and mechanically combined assembly of electronic valve devices or stagks,
complete with all its connections and auxiliaries in its own mechanical structure

Notg 1 to entry: Similar terms are applied to stacks or assemblies comprising specific electronic valve deviceg, for
example diode stack (rectifier diodes only), thyristor assembly (thyristors only or4in.combination with rectifier diodes).

[HEY 551-14-13] {df 6} {df 204}

[SQURCE: IEC 60050-551:1998, 551-14-13]

3.1)13

electronic valve device
indivisible electronic device for electronic power conversion or electronic power switch|ng,
comprising a non-controllable or bistably contfolled unidirectionally conducting current path

[HEY 551-14-02 ] {df 64} {df 199}

[SQURCE: IEC 60050-551:1998,"651-14-02, modified — Notes to entry deleted]

3.1|14
semiconductor valve device
eleg¢tronic valve devicg:which is a semiconductor device

Notg 1 to entry: Typical semiconductor valve devices are thyristors, rectifier diodes, bipolar transistors, metal-
oxide-semicondueterifield-effect transistors (MOSFET) and insulated-gate bipolar transistors (IGBT).

Notg 2 to entry./ Two or more semiconductor valve devices may be integrated on a common semiconductor chip
(examples: a thyristor and a rectifier diode in a reverse conducting thyristor, a power switching field effect trans|stor
with|its’reverse diode) or packaged in a common case (semiconductor power module). These combinations| are
congidered as separate semiconductor valve devices.

[HEV-551-14-09]{df 166} {d 200}

[SOURCE: IEC 60050-551:1998, 551-14-09, modified — Notes to entry added]

3.1.15

{electronic){power}) conversion

power conversion

conversion

change of one or more of the characteristics of an electric power system essentially without
appreciable loss of power by means of electronic valve devices

Note 1 to entry: Characteristics include, for example, voltage amplitude, number of phases and frequency, including
zero frequency.
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HEV-651-11-02}{ef321{df 58}HaF+16}

[SOURCE: IEC 60050-551:1998, 551-11-02]

3.1

.16

{electronic){power) converter
power converter

converter

operative unit for electronic power conversion, comprising one or more electronic valve devices,
and auxiliaries if any

Notg
are
corr

appl
itsel

[HEY

[SQ
nedg

3.1

trig
gat
equ

gen

3.1

1 to entry: Converter transformers and filters related to network interfacing in terms of electrical charatcteri

btics

Excluded from the converter itself. Such devices are part of the system aspect. Any device necessary tq the
pct operation of the converter itself is included in the converter, for example filters for limitation“of the qu/d¢
ed to the valve devices, surge arrestors, etc. Any auxiliary necessary to the correct operation-of’the convgrter

f is included in the converter, for example fans or cooling system.

URCE: IEC 60050-551:1998, 551-12-01, modified, — Words "trafisformers and filtergs if

essary" removed from the definition, note to entry replaced, and,figure removed]

17
ger equipment
ng equipment

ipment which provides suitable trigger pulses from aJcontrol signal for controllable valve
deViices in a converter or power switch including~timing or phase shifting circuits, pulse

erating circuits and usually power supply circuits—fd80}{df494}

18

sygtem control equipment
ipment associated with a power conversion equipment or system which performs automptic
istment of the converter output characteristics as a function of a controlled quantity-ffer

example motor speed, traction force,-etc.) [di26}{dt476}

eqy
adj

Notg

3.1
sen
ele

Notg
othe

[HEY

[SQ

1 to entry: Examples of controlled quantity include motor speed and traction force.

19
hiconductor converter
Ctronic power converter with semiconductor valve devices

1 to entry: _Similar terms for converters in general or for specific kinds of converters or for converters
r or specificwalve devices, for example thyristor converter, transistor inverter.

/[ 551-12-42}[df 37}-{df 163}

URCE: IEC 60050-551:1998, 551-12-42, modified — Figure removed]

with

3.1

.20

power conversion equipment
PCE

equipment including the electronic power converter and auxiliaries necessary for operation of
the converter itself, or even other parts dedicated to the application, and where these parts
cannot be physically separated without preventing the operation of the converter —[df33}{df 66}
fe7

3.1.

21

power conversion system
system consisting of a power conversion equipment and associated components for the

applicationferexample switchgear, reactors-ortransformers,-dedicated-filtersetc[df35H{df 148}
[di175}
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Note 1 to entry: Examples of associated components include switchgear, reactors or transformers and dedicated
filters.

3.2 Arms and connections

3.21

{valve)} arm

arm

part of the circuit of an electronic power converter or switch bounded by any two AC or DC
terminals and including one or more simultaneously conducting electronic valve devices
connected together and other components if any

HEY-551-15-04]{df 5] {df 198}

[SQURCE: IEC 60050-551:1998, 551-15-01]

3.2(2
principal arm
valye arm involved in the major transfer of power from one side of the.converter or electrgnic
swifch to the other

HEY-554-45-02}Har 4HHar 125}

[SQURCE: IEC 60050-551:1998, 551-15-02, modified — Notéfemoved]

3.2(3
auxiliary arm
amyfvalve arm other than a principal arm

Notg 1 to entry: Sometimes an auxiliary arm tempararily fulfils more than one of the following functions: by-pass
arm] free-wheeling arm, turn-off arm or regenerativerarm.

HEY-554-15-05}Hdf3Het 7

[SQURCE: IEC 60050-551:1998, 551-15-05]

3.2{4

by-pass arm
auxiliary arm providing a conductive path which allows the current to circulate without| an
intgrchange of powefr between source and load

HEY-554-45-061{at14}

[SQURCE: IEC 60050-551:1998, 551-15-06]

3.2.5
free-wheeling arm
by-pass arm containing only non-controllable valve devices

[HEV-551-15-07] ¢ 75}

[SOURCE: IEC 60050-551:1998, 551-15-07]
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3.2.6

turn-off arm
auxiliary arm which temporarily takes over the current directly from a conducting valve arm,
consisting of one or more latching valve devices which cannot be turned off by a control signal

HEV-551-15-08}{df 104}

[SOURCE: IEC 60050-551:1998, 551-15-08]

3.2.7

regenerative arm

val

[EY
[sd

3.2
cor
ele

e arm which transfers a part of the power from the load side to the source side
/- 5514-15-09]{df 153}
URCE: IEC 60050-551:1998, 551-15-09]

8
verter connection
ctrical arrangement of valve arms and other components essential for the function of

main power circuit of a converter

Notg

[HEY
[SC

3.2

1 to entry: Common practice also uses the term "topology" of thé;converter with the same sense.
/- 551-15-10]-{d£ 38}

URCE: IEC 60050-551:1998, 551-15-10, modified — Note to entry added]

9

bagic converter connection

ele

HEN
[SC
3.2
sin

<of
of t

[HEY

ctrical arrangement of principal armsdin a converter
/ 554-15-14H-{d8}
URCE: IEC 60050-551,4998, 551-15-11]

10

gle-way connection

a converter>,converter connection such that the current through each of the phase termir
he AC circuitis unidirectional

55144542} {af 170}

[SQ

URCE: IEC 60050-551:1998, 551-15-12]

3.2.11

double-way connection
<of a converter> converter connection such that the current through each of the phase terminals
of the AC circuit is bidirectional

[IEV.551-15-13] {df 52}

[SOURCE: IEC 60050-551:1998, 551-15-13]

the

als
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3.2.12

bridge connection
double-way connection of pairs of arms such that the centre terminals are the phase terminals
of the AC circuit, and that the outer terminals of like polarity are connected together and are

the

DC terminals

[EV. 551-15-14] {df 43}

[SOURCE: IEC 60050-551:1998, 551-15-14]

3.2]13
uniform connection

[HEY
[SC

3.2
no
co

[EY
[sd

3.2
ser|

cor}nection with either all principal arms controllable or all principal arms non-controllable

/ 551-15-15] {df 107}
URCE: IEC 60050-551:1998, 551-15-15]

14
-uniform connection
nection with both controllable and non-controllable principal arms

/- 554-145-481-[df 106}
URCE: IEC 60050-551:1998, 551-15-18]

15
es connection

connection of two-terminal networks so that.they form a single path

[HEY
[SC

3.2
ser
ser

134-42-75}-{df 167}
URCE: IEC 60050-131:2002,-131-12-75, modified — Notes deleted]

16
es connection of cenverters
es connection in which two or more converters are connected in such a way that t

voltages add—{df168y

3.2

17

bogst and\buck connection

ser
add

es_connection of two or more converter connections the direct voltages of which may
edcor subtracted depending on the control of the individual connections

heir

be

[EV. 551-15-21] {df 12}

[SOURCE: IEC 60050-551:1998, 551-15-21]

3.3

3.3.

Controllability of converter arms and quadrants of operation (on DC side)

1

controllable arm

con

3.3.

verter arm including controllable valve device(s)—{¢f27}

2

non-controllable arm

con

verter arm including only no-controllable valve device(s) -{¢f404}
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3.3.3

quadrant of operation

<DC side> quadrant of the voltage-current plane defined by the DC voltage polarity and the
current direction -[¢f430}

3.3.4
one-quadrant converter
AC/DC or DC converter with one possible direction of DC power flow

HEMV-554-12-34] {dr 107}

[SQURCE: IEC 60050-551:1998, 551-12-34, modified — Figure deleted]

3.3{5

twqg-quadrant converter
AC/IDC or DC converter with two possible directions of DC power flow assogiated with pne
dirgction of direct current and two directions of direct voltage or vice versa

HEY-554-12-35]{dr 196}

[SQURCE: IEC 60050-551:1998, 551-12-35, modified — Figure~deteted]

3.3|6
four-quadrant converter
ACIDC or DC converter with two directions of DC power flow, associated with two directionp of
dirgct voltage and two directions of direct current

HEY-564-142-36}Har 74

[SQURCE: IEC 60050-551:1998, 551-12-86, modified — Figure deleted]

3.3]7

reversible converter

bi-directional converter

converter in which the direction of the power flow is reversible

Notg 1 to entry: The term “bi-directional converter" corresponds to common practice, and provides a better pidture
of the bi-directional power flow in the converter.

[EY 551-12-37]4df40} {df 160}

[SQURCE:\JIEC 60050-551:1998, 551-12-37, modified — Alternative term "bi-directignal
converter\and note to entry added]

3.33%8
single converter
current stiff reversible AC/DC converter with direct current in one direction

[IEV. 551-12-38] {df 169]

[SOURCE: IEC 60050-551:1998, 551-12-38, modified — Figure deleted]
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3.3.9
double converter
current stiff reversible AC/DC converter with direct current in both directions

[IEV. 551-12-39] {df 50}

[SOURCE: IEC 60050-551:1998, 551-12-39]

3.3.10
converter section of a double converter

par
alw

[EY
[sd

3.3

of a double converter in which the main direct current when viewed from the DC termir
ays flows in the same direction

/ 551-12-40] {df 39}
URCE: IEC 60050-551:1998, 551-12-40]

11

phase control

pro

cess of varying the instant within the cycle at which current copduction in an electronic v4

deVlice or valve arm begins

[EY
[sd

3.3
trig

- 5514-16-231-[df115]
URCE: IEC 60050-551:1998, 551-16-23]

12
gering

conftrol action to achieve firing of a latching\valve device or an arm consisting of such devid

[HEY
[SC

3.4

3.4
con
<in
con
dur

/ 551-16-681] {df 192}

URCE: IEC 60050-551:1998,.551-16-61]

Commutation, quenching and commutation circuitry

1
nmutation

duct in sequence, without interruption of the current, both arms conducting simultaneo
ng a finite time interval

an electronic power converter> transfer of current from one conducting arm to the ne>lt to

[HEY

-§51-16-0H [t 17}

[SOURCE: IEC 60050-551:1998, 551-16-01]

3.4.2
quenching
termination of current flow in an arm without commutation

[EV. 551-16-19] {df 131}

[SOURCE: IEC 60050-551:1998, 551-16-19]

als

ve

es

sly
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3.4.3
direct commutation
commutation between two principal arms without transfer through any auxiliary arms

[IEV. 551-16-09] {df 46}

[SOURCE: IEC 60050-551:1998, 551-16-09]

3.4.4

indirect commutation
serles of commutations from one principal arm to another or back to the original ong| by
sucgcessive commutations via one or more auxiliary arms

HEY-554-146-10}Har 00}

[SQURCE: IEC 60050-551:1998, 551-16-10]

3.415

extprnal commutation
commutation where the commutating voltage is supplied by a source outside the convertef or
ele¢tronic switch

HEY-554-46-44Har 70}

[SQURCE: IEC 60050-551:1998, 551-16-11]

3.4/6
ling commutation
external commutation where the commutating voltage is supplied by the line

HEY-554-46-12}Har 00}

[SQURCE: IEC 60050-551:1998,.551-16-12]

3.4)7
load commutation
extérnal commutation'where the commutating voltage is taken from a load other than the line

HEY-551-16-13Fue 100}

[SQURCENEC 60050-551:1998, 551-16-13]

3.4/8
machine commutation
external commutation where the commutating voltage is supplied by a rotating machine

[EV. 551-16-14] {df 101}
[SOURCE: IEC 60050-551:1998, 551-16-14]

3.4.9

resonant load commutation

method of load commutation in which the commutating voltage is supplied by the load, using its
resonant property -[df157}
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3.4.10

self-commutation

commutation where the commutating voltage is supplied by components within the converter or
the electronic switch

HEV-551-16-15]|df161]
[SOURCE: IEC 60050-551:1998, 551-16-15]

3.4.11

capacitor commutation
method of self-commutation in which the commutating voltage is supplied by capacitors
included in the commutation circuit

HEV 551-16-17]{df 15}
[SQURCE: IEC 60050-551:1998, 551-16-17]

3.4]12

inductively coupled capacitor commutation
method of capacitor commutation in which the capacitor circuit'is inductively coupled to [the
conmpmutation circuit -[d£93}

3.4]13

valye device commutation
method of self-commutation in which the commutating voltage is created by turning off [the
conducting electronic valve device by a control signal

Notg 1 to entry: Simultaneously the next electronicywalve device to conduct is turned on.

[EY 551-16-16]{df 202}
[SQURCE: IEC 60050-551:1998 ,551-16-16]

3.4]14
valye device quenching
method of quenching in\which the quenching is performed by the electronic valve device itdelf

HEY-551-16-20}[de204}

[SQURCE; (EC 60050-551:1998, 551-16-20]

3.4|15
external quenching
method of quenching in which the quenching results from causes external to the device

Note 1 to entry: External quenching occurs in line-commutated converters under discontinuous conduction
operation.

[EV-551-16-21] {df 74}

[SOURCE: IEC 60050-551:1998, 551-16-21, modified — Words "electronic valve device"
replaced with "device", and note to entry added]
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3.5 Commutation characteristics

3.5.1
commutation circuit
circuit consisting of the commutating arms and the source providing the commutating voltage

HEV-551-16-03}{ar18}

[SOURCE: IEC 60050-551:1998, 551-16-03]

3.5]2
commutation voltage
volfage which causes the current to commutate

HEY-551-146-02}Har 25}

[SQURCE: IEC 60050-551:1998, 551-16-02]

3.5(3
commutation inductance
resyplting inductance in the commutation circuit

—

Notg 1 to entry: For line or machine commutated converters, the commutation reactance is the impedance of the

commutation inductance at the fundamental frequency.

HEY-551-16-07}{df 20}
[SQURCE: IEC 60050-551:1998, 551-16-07, modified — Note to entry added]
3.5/4

commutation interval
time interval in which commutating arms are carrying principal current simultaneously

HEY-551-16-041{df24}

[SQURCE: IEC 60050-55151998, 551-16-04]

3.5(5
andle of overlap

7]
commutationdnterval expressed in angular measure

HEY-55¢-5+6-05} a2}

[SOURCE: IEC 60050-551:1998, 551-16-05, modified — Symbol y added]
3.5.6
commutation notch

periodic voltage transient that may appear in the AC side voltage of a line or machine-
commutated converter due to the commutation

[EV. 551-16-06]fdf 22}

[SOURCE: IEC 60050-551:1998, 551-16-06]
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3.5.7
commutation repetitive transient
voltage oscillation associated with the commutation notch—fds24}

3.5.8

commutating group

group of principal arms which commutate cyclically among themselves without intermediate
commutation of the current to other principal arms

HEV-551-16-08]-[df19]

[SQURCE: IEC 60050-551:1998, 551-16-08]

3.5/9
cormmutation number

number of commutations from one principal arm to another during one elementary period in
eagh commutating group

[EY 551-17-03] {df 23}
[SQURCE: IEC 60050-551:1998, 551-17-03, modified — Symbory added]

3.5]10
pullse number

p
number of non-simultaneous symmetrical direct arlindirect commutations from one principal arm

to gnother which occur during one elementary ‘period

[EY 551-17-01] {df 429}

[SQURCE: IEC 60050-551:1998, 551*17-01, modified — Symbol p added]

3.5{11

trigger delay angle
(04
time expressed in angular measure by which the trigger pulse is delayed with respect to|the
refegrence instant in-the case of phase control

Notg 1 to entry: /With line, machine or load commutated converters the reference instant is the zero crossing indtant
of the commutating voltage. With AC controllers it is the zero crossing instant of the supply voltage. For AC controllers
with|inductive loads, the trigger delay angle is the sum of the phase shift and the current delay angle.

[EY 554216-33] {df 190}

[SOURCE: IEC 60050-551:1998, 551-16-33, modified — Symbol a added]

3.5.12
trigger advance angle

p
time expressed in angular measure by which the trigger pulse is advanced with respect to the
reference instant

Note 1 to entry: With line, machine or load commutated converters the reference instant is the zero crossing instant
of the commutating voltage.

[HEV-551-16-34] {189}
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[SOURCE: IEC 60050-551:1998, 551-16-34, symbol 8 added]

3.5.13

inherent delay angle

%p

current delay angle occurring, even without phase control, caused by multiple overlap

Note 1 to entry: Multiple overlap occurs in line commutated converters at high angles of overlap.

[IEV. 551-16-35] {df 94

[SQURCE: IEC 60050-551:1998, 551-16-35, modified — Symbol a,, added]

3.5|14

extjnction angle
Y
time, expressed in angular measure, between the instant when the current ef the arm fall

zerp and the instant when the arm is required to withstand steeply rising“off-state voltage
72}

T3

3.5|15

hold-off interval
intgrval between the instant when the on-state current of a latching valve device has decreaged
to 4ero and the instant when the same valve device is subjected to reapplied off-state voltage

[EY 551-16-45] {df 86}
[SQURCE: IEC 60050-551:1998, 551-16-45]

3.6 Rated values

3.6/1
rated value

valme of a quantity used for specification purposes, established for a specified set of opera
conditions of a component, devjce, equipment or system

ng

Notg¢ 1 to entry: The quantity may describe electrical, thermal, mechanical, or environmental properties.

Notg 2 to entry: In the case’of semiconductor converters, rated values usually apply to a semicondutor valve deyice,
a valve device assembly jor a converter.

Notg 3 to entry: ~The nominal value of a system (for example nominal voltage — IEC 60050-601:1985, 601-01-2{1) is
oftep equal to,thé,corresponding rated value of the equipment, where both values are within the tolerance band|of a
quantity.

Notg 4 toventry: Unlike many other electrical components, semiconductor devices may be irreparably damaped,
even within a very short time of operation, in excess of maximum rated values.

Note 5 to entry: Variations of rated values should be specified. Certain of the values assigned are limiting values.
These limiting values may be either maximum or minimum values.

[EV. 151-16-08] {df 145}

[SOURCE: IEC 60050-151:2001, 151-16-08, modified — Notes to entry added]

3.6.2

rated frequency-(for converters-and their transformers)
N

specified frequency on the AC side of a converter- {df442}
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3.6.3

rated voltage on the line side{forconverters-and-theirtransformers)

ULN

specified RMS value of the voltage between conductors on the line side of the converter——f¢f
4461

Note 1 to entry: If the line side transformer winding is provided with taps, the rated value of the voltage of the line
side shall refer to a specified tap, which is the principal tap.

3.6.4

rated voltage on the valve side of the transformer-(for-converters-and-their
trapsformers)

le\
RMIS value of the no-load voltage between vectorially consecutive commutating phasé terminals
of the valve windings of a commutating group at rated voltage on the line side of the'transformer
[dft-4471

Notg 1 to entry: If no transformer is provided, within the converter case of a directly connected converter, the rpted
voltage on the valve side is the rated voltage on the line side of the converter.

3.6|5

rated current on the line side-(forconverters-and-theirtransformers)
1N
makximum RMS value of the current on the line side of the cenverter under rated conditions|-{ef
137

Notg 1 to entry: The rated current on the line side takes into account rated load and the most onerous combingtion
of all other conditions within their specified ranges, for example,line voltage and frequency deviations.

Notg 2 to entry: For polyphase equipment, this value is computed from the rated direct current on the basis of
rectangular shaped currents of the converter arms. For sindle phase equipment, the basis of calculation should be
spegified.

Notg 3 to entry: The rated line current includes.gurrents supplied to the auxiliary circuits of the converter. It jalso
takes into account the effect of DC current ripple;and circulating current, if any.

3.6{6
rateéd current on the valve side{forconvertersand-theirtransformers)
[vN

makximum RMS value of thecurrent on the valve side of the converter under rated conditipns
fef4381

Notg 1 to entry: The rated’current on the valve side takes into account rated load and the most onerous combingtion
of all other conditions within their specified ranges, for example line voltage and frequency deviations.

Notg 2 to entry\{For polyphase equipment, this value is computed from the rated direct current on the basis of
rectangular shaped currents of the converter arms.

Notg 3 to\entry: For single phase equipment, the basis of calculation should be specified.

3.6.7

rated apparent power on the line side{ferconverters-and-theirtransformers)
SLN

total apparent power, at the line side terminals, at rated frequency, rated voltage on the line
side and rated current on the line side—{d¢f432}

3.6.8

rated direct voltage

UaN

mean value, at rated DC current, specified by the manufacturer, of the direct voltage between
the DC terminals of the assembly or equipment—{df144}
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3.6.9
rated direct current

TN
mean value of the direct current specified by the manufacturer for specified load and service
conditions—fdf-140}

Note 1 to entry: It may be referred to as the 1,0 p.u. value, to which other values of 7 are compared.

3.6.10
rated continuous direct current-(maximum-value)-

Igm
mean value of the direct current which an assembly or converter is capable of carrying
continuously without damage, for specified service conditions—d¢#133}

Notg 1 to entry: The rated continuous direct current of an assembly is very often essentially higher,than the rpted
dire¢t current of the corresponding complete equipment. It is a maximum value.

Notg 2 to entry: The rated continuous direct current of an assembly may be limited, by parts other than| the
semjconductor.

3.6/11
pegk maximum direct current

Tysin
mean value of the direct current which an assembly or convérter is capable of carrying without
damage, for a specified short duration, starting from an undefined duration at the rated curfent
and followed by a no-load period of short duration—{as 443}

Notg 1 to entry: The value and duration of the peak current\(peak maximum direct current / g\ ), @s well ag the

minimum time of no-load before again carrying any current, are associated parts of the definition of the peak
maxjmum direct current.

3.6{12
intermittent peak maximum direct current

T4rpN
mean value of the direct current which an assembly or converter is capable of carrying without
damage, for a specified short.duration and intermittently, starting from any value of curfent
eqyal or below the rated current, and back to any value of current equal or below the rgted
curfent—{d£98}

Notg 1 to entry: The valuesand duration of the peak current (intermittent peak maximum direct current 7,5\ ). @s

welllas the minimum time-between applications of intermittent peak loads, are associated parts of the definitign of
the iIntermittent peak. maximum direct current.

3.6)13

rateéd current for peak load duty-(shert-time-duty)
mean value of the direct current which an assembly or converter is capable of carrying| for
specified duration under specified service conditions, associated with a short-time ppak

P TR H + dpraont oo 4o
maxa-ereet eufrrent ot T T

Note 1 to entry: The characteristics of the associated maximum direct current [

4smn are parts of the definition of
the short-time duty. For details, see 6.4.3.2.

3.6.14

rated current for continuous duty with superimposed peak loads

mean value of the direct current which an assembly or converter is capable of carrying for
unlimited duration under specified service conditions and with intermittently applied intermittent
peak maximum direct current of specified magnitudes and durations—{df+34}

Note 1 to entry: The characteristics of the associated intermittent peak maximum direct current 7,5,,\ are parts of
the definition of the rated current for continuous duty with superimposed peak loads.
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3.6.15

rated current for repetitive load duty-(periodic-duty)
rated direct current of the assembly or converter, specified as the RMS value of the load current

evaluated over the period of the load duty cycle—{df+36}

Note 1 to entry: The duty class should be specified as a sequence of current values together with their durations.
"repetitive load duty" is also known as "periodic duty". See 6.4.3.2 c).

3.6.16
rated DC power
product of the rated direct voltage and the rated direct current—{¢f439}

Notg 1 to entry: The measured DC power may differ from the rated DC power as defined because of vpoltage|and
current ripple.

3.7] Specific voltages, currents and factors

3.71
idepl no-load direct voltage
Udi
thepretical no-load direct voltage of an AC/DC converter assuming”no reduction by phpse
control, no threshold voltages of electronic valve devices, and no.\oltage rise at small loadp

HEY-884-47-45}Her 87}

[SQURCE: IEC 60050-551:1998, 551-17-15, modified &£ Symbol Uy, added]

3.7)2
controlled ideal no-load direct voltage
Udi
thepretical no-load direct voltage of an AC/DC converter corresponding to a specified trigger
del@y angle assuming no threshold voltages of electronic valve devices and no voltage ris¢ at
small loads

HEY-554-47-46}Har 20}

[SQURCE: IEC 60050-5514998, 551-17-16, modified — Symbol Uy, added]

3.7(3

conventional no-load direct voltage
Uag
megan valuéhof the direct voltage which would be obtained by extrapolating the difect
volfage/current characteristic from the region of continuous flow of direct current to zero curfent
at Zerp trigger delay angle, i.e. without phase control

Note 1 to entry: U, is equal to the sum of Uy, and the no-load voltage drop in the assembly.

[EV-551-17-17] {di 31}

[SOURCE: IEC 60050-551:1998, 551-17-17, modified — Symbol Uy, and note to entry added]

3.7.4
controlled conventional no-load direct voltage

Udoa

mean value of the direct voltage corresponding to a specified trigger delay angle which would
be obtained by extrapolating the direct voltage/current characteristic from the region of
continuous flow of direct current to zero current
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Note 1 to entry: Uy, is equal to the sum of U, and the no-load voltage drop in the assembly.

dia

[EV-551-17-18] {df 28}

[SOURCE: IEC 60050-551:1998, 551-17-18, modified — Symbol Uyy, and note to entry added.]

3.7.5
real no-load direct voltage

Udo0
actual mean direct voltage at zero direct current

HEY-554-47-48}Har 148}

[SQURCE: IEC 60050-551:1998, 551-17-19, modified — Symbol Uy, added]

3.7]6

dir¢ect voltage regulation
difference between the conventional no-load direct voltage and the dirget’ voltage at load at|the
same trigger delay angle excluding the correcting effect of stabilizing \'means if any

Notg 1 to entry: If voltage stabilizing means are used, refer also to 3.7.9.

Notg 2 to entry: The nature of the DC circuit (for example capacitorsi\back e.m.f. load) may affect the volfage
change significantly. Where this is the case, special consideration may-be required.

HEY-564-47-21]{dt48H{dF154}

[SQURCE: IEC 60050-551:1998, 551-17-21, modified — Notes to entry added]

3.7{7
inherent direct voltage regulation
dirgct voltage regulation excluding the effect of the AC system impedance

HEY-584-47-22}Har 05}

[SQURCE: IEC 60050-551¢1998, 551-17-22]

3.7(8
total direct voltage'regulation
dirgct voltage regulation including the effect of the AC system impedance

[HEY 551-17-23] {a 180}

[SQURCE: IEC 60050-551:1998, 551-17-23]

3.7.9
output voltage tolerance band
specified range of steady-state values of a stabilized output voltage around its nominal or preset

value -Jdf108}

3.7.10

transition current

mean direct current of a converter connection when the direct current(s) of the commutating
group(s) become(s) intermittent when decreasing the current

[EV. 551-17-20] {df 187}
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[SOURCE: IEC 60050-551:1998, 551-17-20 modified - “commutation” replaced with
“‘commutating”]

3.7.11

conversion factor

ratio of the fundamental output power or DC output power to the fundamental input power or
DC input power

Note 1 to entry: The fundamental power (IEC 60050-551:1998, 551-17-08) is the active power determined by the
fundamental components of voltage and current.

Notg 2 to entry: For the purposes of this definition, the DC power is the product of the mean value of the volfage
and |mean value of the current.

HEY-554-47-10}Her 34}

[SQURCE: IEC 60050-551:1998, 551-17-10, modified — Notes to entry added]

3.7|12
power efficiency
ratip of the output power to the input power of the converter—{as420}

Notg 1 to entry: In the conversion factor, the power-ef contained in the AC/components of the current and volfage
on the DC side is not taken into account. In the power efficiency,-it the paerContained in these AC componenfs of
the purrent and voltage on the DC side is included in the DC power.“\T'herefore, for AC to DC conversion,| the
conyersion factor has a lower value. For a single phase, two-pulse (full wave) converter with resistive load| the
thedretical maximum conversion factor is 0,81 p.u.,-where while the maximum power efficiency is 1,0 p.u.

Notg 2 to entry: The conversion factor may be correctly obtained only by measurement of the fundamentalia-e-
powpr-and-d-c—voltage-and-current component of power on+{hé& AC side and zero-frequency components of volfage
and Jcurrent on the DC side. The power efficiency may be carrectly obtained either by measurement of root-mgan-
squgre values of AC power and DC power or by calculation“or measurement of internal losses.

Notg 3 to entry: The active power (mean value of‘the power) on the AC side, and the mean value of the powdr on
the PC side are to be considered.

3.7113

power factor
A
ratip of the absolute value of’the active power P to the apparent power S, under perigdic
conditions

7]

A=—
S

Notg 1 to entry™"Under sinusoidal conditions, the power factor is the absolute value of the active factor.

HEY 130-M-46] {di 121}

[SOURCE: TEC 60050-131:2002, 137-11-46, modified — Symbol 1 added]

3.7.14

power factor of the fundamental wave

displacement factor

CoS @4

under periodic conditions, ratio of the active power of the fundamental components P, to the
apparent power of the fundamental components §,

A
Cosyy = 5 faF-4oHar422}
1
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Note 1 to entry: For definition on the displacement angle, see IEC 60050-131:2002, 131-11-48.

3.7.15

deformation factor

|4

ratio of the total power factor A to the displacement factor cosg;

)
7C

COSp

Vv =

Notg 1 to entry: Under sinusoidal voltage condition, the deformation factor is equal to the fundamental factor.|See
3.10.14, Note 2 to entry.

3.8/ Cooling

3.8/1
cogling medium
quljid (for example water) or gas (for example air) which removes the heat from the equipment

3.8{2
heat transfer agent
liquid (for example water) or gas (for example air). within the equipment to transfer the heat ffom
its gource to a heat exchanger from where the heat is removed by the cooling medium—{d¢gs}

3.8(3

direct cooling
method of cooling by which the coeling medium is in direct contact with the parts of |the
eqyipment to be cooled, i.e. no heattransfer agent is used—{d¢f47}

3.8/4

indjrect cooling
method of cooling in which a heat transfer agent is used to transfer heat from the part tq be
codled to the cooling.medium—f{¢f94}

3.85

natural cooling
convection
method of-eirculating the cooling fluid (cooling medium or heat transfer agent) which uses|the
chjnge of volumetric mass (density) with temperature—{d¢30}{df 103}

3.8.6

forced cooling

method of circulating the cooling medium or heat transfer agent by means of blower(s), fan(s)
or pump(s) -{e73}

3.8.7

mixed cooling

method of circulating the cooling medium or heat transfer agent, which uses, alternatively,
natural and forced circulation—fdf102}

Note 1 to entry: Mixed circulation may be used for light load/overload periods or in the case of an emergency.
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3.8.8

equilibrium temperature
steady-state temperature reached by a component of a converter under specified conditions of
load and cooling—fd¢f-65}

Note 1 to entry:

necessary to establish steady-state are also different and proportional to the thermal time constants.

3.8.9
ambient air temperature
temperature of the air surrounding the power conversion equipment, measured at half the

disfance from any neighbouring equipment, but not more than 300 mm distance from

ena
equ

[HEY

3.8
cod

losure, at middle height of the equipment, protected from direct heat radiation frem
ipment

10
ling medium temperature for air and gas cooling

avdrage temperature measured outside the equipment at points 50 mf from the inlet to

eqy

Notg
undg

3.8
cod
tem

3.8
tenm
hed

3.9

3.9
ele
EM

ipment -[df 44}

1 to entry: For the evaluation of the fraction of heat which is radiated,(the ambient temperature is that def|
r 3.8.9.

1
ling medium temperature for liquid cooling
perature measured in the liquid pipe 100 mm upstream from the liquid inlet -{d£42}

12
perature of heat transfer agent
t transfer agent temperature measurediat a point to be specified by the supplier—fde477}

Service conditions tolerances and electromagnetic compatibility

1
ctromagnetic compatibility
o

ability of an equipment,or.system to function satisfactorily in its electromagnetic environm

with
HEN
[SC

3.9

out introducing infeferable electromagnetic disturbances to anything in that environmen
164-01-07] \fe 541
URCE+JEC 60050-161:2018, 161-01-07]

2

{electronmagneticyemission
emission
phenomenon by which electromagnetic energy emanates from a source

HEV-161-01-08}{df 571 [df 63]

The steady-state temperatures are in general different for different components. The times

the
the

the

ned

ent

[SOURCE: IEC 60050-161:2019, 161-01-08, modified — An alternative term “emission” added]

3.9.3

emission level
<converter> level of a given electromagnetic disturbance emitted from a converter operated
within specified conditions and measured in a specified way
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[SOURCE: IEC 60050-161:1990, 161-03-11, modified — Domain "disturbing source" replaced
with "converter", and words "particular device, equipement or system" replaced with "converter,
operated within specified conditions and measured in a specified way"]

3.94

electromagnetic disturbance

any-electromagnetic phenomenon which may degrade the performance of a device, equipment
or system, or adversely affect living or inert matter

[EV-161-01-05] {41 55

[SQURCE: IEC 60050-161:2018, 161-01-05, modified — Notes to entry deleted]

3.9/5

electromagnetic disturbance level
IevrTI of an electromagnetic disturbance existing at a given location, which iresults from| all
contributing disturbance sources

HEY-161-03-29} a1 56}

[SQURCE: IEC 60050-161:1990, 161-03-29]

3.9/6
ref¢grence level of generated disturbance of a converter
assumed level of disturbance produced by a converter, when the actual operating conditipns
are|not known and rated operating conditions are used to calculate or measure the disturbapce
level—fdf152}

Notg 1 to entry: The level of disturbance generallysdepends on the supply source impedance, which may nat be
congidered as a characteristic quantity of the converter.

3.9)7

imrhunity to a disturbance
ability of a device, equipment or system to perform without degradation in the presence of an
ele¢tromagnetic disturbance

HEY-161-01-201{df89}
[SQURCE: IEC 60050-161:1990, 161-01-20]

3.9/8
imrmhunityevel of a converter
specified value of an electromagnetic disturbance level below which a converter is designed to
megtdherequired performances or continue operation or avoid damage

Note 1 to entry: This definition is specific to the converter. For general concept of immunity level, it is found in
IEC 60050-161:1990, 161-03-14.

3.9.9

relative short-circuit power

Rsc

ratio of the short-circuit power of the source to the rated apparent power on the line side of the
converters—{df156}

Note 1 to entry: Rg refers to a given point of the network, for specified operating conditions and specified network
configuration.
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Note 2 to entry: Within the IEC 61000-3 series, the short-circuit ratio is defined with the short-circuit power of the
source at the PCC, instead of short-circuit power of the source at the IPC of use of the converter. The risk of confusion
is clarified in Clause B.2.

3.10 Harmonic distortion

thi 4 owa O io Ll el £ 4 L Tobla-2\ I A in
tHHYSTaTGaTG, TS TS Sy HTDOT UOCU 0T TCACUIVE POWOT (0T TAODTC 2. CAPTAITAUONTS SUPPOT Ft

thoke. definit] T N

NOTE Equations in the harmonic definitions below use the symbol Q to represent a quantity. When the§e gquatjons
are pised in dedicated applications, Q is replaced by the actual symbol for the quantity, for example &/ for voltage, /
for durrent. In the other parts of this document, Q is the symbol used for reactive power (see Tablg 2} Explanations
supporting these definitions are given in Annex A.

34p4
PGiPCCHPC

3.1Dp.1

point of common coupling
PCC
point on a public power network, electrically nearest to a particular load, at which other lopds
are| or could be, connected

[SQURCE: IEC 61000-2-4:2002, 8:1.6]

3.1p.2

in-plant point of coupling
IPQ
point on a network_ ifnsjde a system or an installation, electrically nearest to a particular load, at
whigh other loads ‘are, or could be, connected

Notg 1 to entry=~\\The IPC is usually the point for which electromagnetic compatibility is to be considered.

[SQUREE: IEC 61000-2-4:2002, 3.1.7]

3.10-3
fundamental frequency
frequency of the fundamental component

HEV-551-20-03}{dt 78}
[SOURCE: IEC 60050-551:2001, 551-20-03]

3.10.4

fundamental component

fundamental

<of a Fourier series> sinusoidal component of the Fourier series of a periodic quantity having
the frequency of the quantity itself
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Note 1 to entry: For practical analysis, an approximation of the periodicity may be necessary.
HEV-554-20-0H[df 7677}

[SOURCE: IEC 60050-551:2001, 551-20-01]

3.10.5

reference fundamental component

sinusoidal component of the Fourier series of a periodic quantity having the frequency to which
all other components are referred and which is not the fundamental component

Notg 1 to entry: |If it is clearly stated in a context that the reference fundamental component is used, the\word
"refgrence" may be omitted, but this document does not recommend this practice.

Notg 2 to entry: For practical analysis, an approximation of the periodicity may be necessary.

Notg 3 to entry: In power electronics, often the component having the frequency of the AC supply’system or of the
conyerter output quantities is chosen as reference fundamental component.

[EY 551-20-02] {df 150}

[SQURCE: IEC 60050-551:2001, 551-20-02]

3.10.6
reference fundamental frequency
frequency of the reference fundamental component

Notg 1 to entry: If it is clearly stated in a context that the ¢eféfence fundamental component is used, the word
"refgrence" may be omitted, but this document does not recdmmend this practice.

[EY 551-20-04]{df 151}

[SQURCE: IEC 60050-551:2001, 551-20:04]

3.10.7

hamymonic frequency
frequency which is an integer‘multiple greater than one of the fundamental frequency or of|the
refgrence fundamental frequency

Notg 1 to entry: The rationof'the harmonic frequency to the fundamental frequency, or to the reference fundamental
frequency, is named "harmonic order" (recommended notation: #).

HEY-554-20-03} e84}

[SQURCESJEC 60050-551:2001, 551-20-05, modified — Note to entry added]

3.1D:8
harmomnic component

sinusoidal component of a periodic quantity having a harmonic frequency

Note 1 to entry: For brevity, such a component may be referred to simply as a harmonic.
Note 2 to entry: For practical analysis, an approximation of the periodicity may be necessary.

Note 3 to entry: The value is normally expressed as an RMS value.

[HEV-551-20-07] ot 82}

[SOURCE: IEC 60050-551:2001, 551-20-07, modified — Notes 1 and 3 to entry added]
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3.10.9
interharmonic frequency
frequency which is a non-integer multiple of the reference fundamental frequency

Note 1 to entry: By extension of the harmonic order, the interharmonic order is the ratio of interharmonic frequency
to the reference fundamental frequency, this ratio is not an integer (recommended notation: m).

Note 2 to entry: In the case where m < 1, the term "sub-harmonic frequency" may also be used (see IEC 60050-
551:2001, 551-20-10).

[HEV-551-20-06] {97}

[SQURCE: IEC 60050-551:2001, 551-20-06, modified — Notes to entry added]

3.10.10
intIrharmonic component
sinlisoidal component of a periodic quantity having an interharmonic frequency

Notg 1 to entry: For brevity, such a component may be referred to simply as an interharmohic.
Notg 2 to entry: For practical analysis, an approximation of the periodicity may be necessary.
Notg 3 to entry: The value is normally expressed as an RMS value.

Notg 4 to entry: As stated in IEC 61000-4-7, the time window has a width of }0/fundamental periods (50 Hz systgms)
or 1P fundamental periods (60 Hz systems), i.e. approximately 200 ms:\TI'he difference in frequency between|two
congecutive interharmonic components is, therefore, approximately:\5 Hz. In the case of other fundamgntal

frequencies, the time window should be selected between 6 fundamental periods (approximately 1 000 ms at 6| Hz)
and |18 fundamental periods (approximately 100 ms at 180 Hz).

HEY-551-20-08}Har-06}

[SQURCE: IEC 60050-551:2001, 551-20-08, modified — Notes 1, 3 and 4 to entry added]

3.10.11
harfmonic content
sum of the harmonic components of a periodic quantity

Notg 1 to entry: The harmonic conténtis a time function.
Notg 2 to entry: For practical analysis, an approximation of the periodicity may be necessary.

Notg 3 to entry: The harmonic content depends on the choice of the fundamental component. If it is not clear from
the ¢ontext which one jis 'used, an indication should be given.

Notg 4 to entry: The'RMS value of the distortion content is

where
(0] represents either current or voltage;
h is the harmonic order;

H is 50 for the purpose of this document. It has been 40 for a long time in standards related to power electronics,
and should be moved to 50 in line with IEC 61000-2-2 and IEC 61000-2-4.

[IEV-551-20-12] {d 83]

[SOURCE: IEC 60050-551:2001, 551-20-12, modified — Note 4 to entry added]
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3.10.12

total harmonic ratio
total harmonic distortion
THD

ratio of the RMS value of the harmonic content to the RMS value of the fundamental component
he reference fundamental component of an alternating quantity

ort

whe
0, h
9,

Notg
conf

Notg
50 f

[SC
add

3.1

e
and H are the same as listed in 3.10.11;

is the RMS value of the fundamental esgryponent.

1 to entry: The harmonic ratio depends of the choice of the fundamental component. If it is not clear fron
ext which one is used, an indication shouldte given.

2 to entry: The total harmonic ratiémay be restricted to a certain harmonic order (recommended notation
r the purpose of this document.

URCE: IEC 60050-551:2001, 551-20-13, modified — Recommended notation and v4
ed in Note 2 to entry]

D.13

total distortion content

qudg
refd

Notg

rence fundamental component

ntity obtaimed by subtracting from an alternating quantity its fundamental component of

Note 2 to entry:

from the context which one is subtracted, an indication should be given.

Note 3 to entry: The total distortion content is a time function.

Note 4 to entry: An alternating quantity (symbol Q) is a periodic quantity with zero DC component.

Note 5 to entry: The RMS value of the distortion content is

De =+/0? - 0f

the

H),

lue

its

1<to entry: The total distortion content includes harmonic components and interharmonic components if alny.

The total distortion content depends on the choice of the fundamental component. If it is not clear
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0, is noted in 3.10.12.

[EV-551-20-11] {df 481}

[SOURCE: IEC 60050-551:2001, 551-20-11, modified — Symbol added in Note 4 to entry.
Note 5 to entry added]

3.10.14
total distortion ratio
TDR
ratiﬁ of the RMS value of the total distortion content to the RMS value of the fundamental
component or the reference fundamental component of an alternating quantity
_LC _Q° -0~
Q Q
Dy = Do NO°-0F
O O

Notg 1 to entry: The total distortion ratio depends on the choice of the fundamental component. If it is not ¢lear
from the context which one is used, an indication should be given.

[EY 551-20-14] {df 183}

[SQURCE: IEC 60050-551:2001, 551-20-14, modified * Abbreviated term "TDR" and formulp in
Note 1 to entry added. Note 2 to entry deleted]

3.10.15
total distortion factor
TDF
ratip of the RMS value of the total distortion content to the RMS value of an alternating quantity
DC Q% -Qf
TOF =—= — ——
Q Q
p =D V&0
0 0

Notg 1 to entry:/ The total distortion factor depends on the choice of the fundamental component. If it is not glear
froml the contextywhich one is used, an indication should given.

Notg 2 to"entry: The ratio between TDF and TDR equals the ratio between the RMS value of the fundamental
component’and the total RMS value. It is the fundamental factor (IEC 60050-161:1990, 161-02-22):

~~ IDF Q
DR Q

-

[HEV-551-20-16] {4t 182}

[SOURCE: IEC 60050-551:2001, 551-20-16, modified — Abbreviated term "TDF", formula in
Note 1 to entry, and Note 2 to entry added]
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3.10.16

individual harmonic ratio

IHR

ratio of any harmonic component to the fundamental-{d92}

Note 1 to entry: In IEC 60050-161:1990, 161-02-20, the individual harmonic ratio is named "»!" harmonic ratio". IHR

has been chosen for consistency with 3.10.11, and the order index has been chosen as "4" instead of "»n", which is
frequently used elsewhere, for example for the natural integer list.

Note 2 to entry: The value of the individual harmonic ratio is -HHRm=— g” OHR = %
1 Z

3.1p.17

pantial weighted harmonic ratio

PWHR

ratip of the RMS value of a selected group of higher order harmonics, weighted with [the
harmonic order 4, to the RMS value of the fundamental

Inaldraft IEC 61000-3-12 2nd edition—the term and definiftion have heen chanaed to
ln-aldralt-1E ! 12-2nd-edition,the-lerm-and-deflinilion-have been-changed-1
current (PWHC)".
h=40 2
E hx| =%
w14\

Notd 1 to entry: The partial weighted(harmonic ratio is employed in order to ensure that the effects of the higher
ordgr harmonic currents on the resultsyare reduced sufficiently and individual limits need not be specified.

“Nnartigl weiahted har nic
patia—Wetgntea——aHmpht

OpWHR =

Notgd 2 to entry: The similar conceépt for the harmonic current is shown in IEC 61000-3-12:2011, 3.2.

3.1 Definitions related to insulation co-ordination

ited
to each other by electrically conductive connections and insulated from the remaining part of
the equipment—{¢f16}{df 53}

Note 1 to entry: If parts of the same equipment are conductively connected only via a protective equipotential
bonding system, then they are regarded as separate circuits.

3.11.2
part of a circuit
section of a circuit having its own rated insulation voltage—{d¢f440}

3.11.3
equipotentiality
state when conductive parts are at a substantially equal electric potential
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HEV-195-01-09]{af 69}
[SOURCE: IEC 60050-195:2021, 195-01-09]

3.11.4
equipotential bonding
provision of electric connections between conductive parts, intended to achieve equipotentiality

[EV-195-01-10] {df 67

[SQURCE: IEC 60050-195:2021, 195-01-10, modified — Definition reformulated]

3.11.5

equipotential bonding system
EB$
intgrconnection of conductive parts providing equipotential bonding between those parts

HEY95-02-22} a1 68}

[SQURCE: IEC 60050-195:2021, 195-02-22]

3.11.6

protective equipotential bonding system

PEBS

eqyipotential bonding system providing protective equipotential bonding

[EY.195-02-23] {df 126}
[SQURCE: IEC 60050-195:2021, 195-02-23]

3.11.7

woflking voltage
volfage, at rated supply conditions (without tolerances) and worst case operating conditigns,
which occurs by design in a‘circuit or across insulation—{d#205}

Notg 1 to entry: The working,véltage can be DC or AC. Both the RMS and recurring peak values are used.

3.111.8

degisive voltage class
calgulated voltage range used to determine the classification of protective measures agajnst
ele¢tric shoCk~{df43}

3.11.9
rated insulation voltage
RMS voltage value assigned by the manufacturer to the equipment or to a part of it,
characterizing the specified (long-term) withstand capability of its insulation

Note 1 to entry: The rated insulation voltage is higher than or equal to the rated voltage of the equipment, or to the
rated voltage of the concerned part of the equipment, which is primarily related to functional performance.

Note 2 to entry: The rated insulation voltage refers to the insulation between electric circuits, between live parts
and exposed conductive parts and within an electric circuit.

Note 3 to entry: For clearances and solid insulation, the peak value of the voltage occurring across the insulation
or clearance is the determining value for the rated insulation voltage. For creepage distances, the RMS value is the
determining value.

Note 4 to entry: The rated insulation voltage depends either on the result of the insulation co-ordination
investigation for high voltage systems, or on the expectable temporary over-voltage, the over-voltage category, and
the RMS value of the working voltage, whichever is the higher.
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HEC 60664-1:2007. definition 3.9.1. modified]

[SOURCE: IEC 60664-1:2020, 3.1.18, modified — Symbol U; deleted. Words "value of the RMS

withstand voltage" replaced with "RMS voltage value". Note 1 to entry clarified, and Notes 2 to
4 to entry added]

3.11.10

rated impulse voltage

amplitude of the impulse used as reference for the definition and the tests of insulation
characteristics of a circuit—{df 143}

Notg 1 to entry: The rated impulse voltage depends either on the result of the insulation coordination inyestiggtion
for High voltage systems, or on the expectable impulse voltages from any origin related to the over-voltage\catepory
and jon the peak value of the working voltage, whichever is the higher.

3.11.11
ovgr-voltage category
conlcept used to classify equipment directly energized from the mains supply network—{¢i40p}

Notg 1 to entry: |EC 60664-1 considers four categories of equipment:

category I: connected to a distribution circuit protected against a defined level\of transient over-voltages;
category Il:  not permanently connected within the installation (any IPC);
category Ill:  permanently connected within the installation (any IPC);

category IV: permanently connected at the origin of the installation (nearest to the PCC).

3.11.12
bagic insulation |3
insyilation applied to hazardous live parts to provide basic protection against electric shock

HEY-495-06-06modified]af 9}

[SQURCE: IEC 60050-826:2004, 826~12-14, modified — The definition has been reformulat

%
o
—

3.11.13
supplementary insulation

indépendent insulation applied in addition to basic insulation-ir-erderto-provide-basic-protection
agal . i o fai f basic.| Iati

Notd 1 to entry: BasjC ifrSulation and supplementary insulation are separate, each designed for basic protegtion
agaipst electric shoek.

[SQURCEE: IEC 60664-1: 2020, 3.1.31, modified — The note to entry has been added]

31114
double insulation
insulation comprising both basic insulation and supplementary insulation

[SOURCE: IEC 60050-195:2021, 195-06-08]


Terms and definitions related to safety insulation are in coordination with IEC 62477-1:2022.
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3.11.15
reinforced insulation

single insulation—system,—applied—te of hazardous live parts; which provides a degree of
protection against electric shock equivalent to double insulation-under-the-conditions-specified

by-the-relevantEC-standard

Note 1 to entry: Reinforced insulation may comprise several layers which cannot be tested separately as b
insulation or supplementary insulation.

asic

[SQURCE: IEC 60664-1:2020, 3.1.33]

3.11.16

protective separation

separation between circuits by means of basic and supplementary protection(basic insula
plus$ supplementary insulation or protective screening) or by an equivalent protective provis
(for example reinforced insulation)—{df128}

3.11.17
elegtrically protective screening
protective screening

S o {d—f—1—2—1}

seplaration of electric circuits and/or conductors front/shazardous live parts by an electric
profective screen connected to the protective equipotential bonding system and intendeq
proyide protection against electric shock

[SQURCE: IEC 60050-195:2021, 195-06-18, modified — The word "electrically" has been ad
to "protective screening”, and the term "pretective shielding" has been deleted]

3.11.18

El_—x—(extra low voltage) circuit
ELY circuit

cirduit the voltage of which does not exceed 50 V AC and 120 V DC or the value specifie
the|relevant product standard

Notg 1 to entry: In this ge¢Ument, the volage range is defined as above for the voltage tests in 7.2.2.2. For gen
congept of extra-low vetage, it is found in IEC 60050-195:2021, 195-05-24.

3.11.19
protective extra low voltage circuit

on
on

ally
I to

Hed

H in

eral

PE1V—€p¢eteetwe—e*tr—a—lew—ve#age} circuit

electricarl circurt with the Tollowing characterisiics:

— the voltage does not exceed ELV;
— there is a protective separation from circuits other than PELV or SELV;

— there are provisions for earthing the PELYV circuit, or its accessible conductive parts, or both

Note 1 to entry: In this document, the PELV circuit is defined as above for the voltage tests in 7.2.2.2. For general

concept of PELV system, it is found in IEC 60050-195:2021, 195-06-29.
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3.11.20

SELV {safety extra low voltage) circuit

SELYV circuit

electrical circuit with the following characteristics:

— the voltage does not exceed ELV;

— there is a protective separation from circuits other than SELV or PELV;

— there are no provisions for earthing the SELV circuit, or its accessible conductive parts;

— there is a basic insulation of the SELV circuit from earth and from PELV circuits

Notg 1 to entry: In this document, the SELV circuit is defined as above for the voltage tests in 7.2.2. For derjeral
congept of SELV system, it is found in IEC 60050-195:2021, 195-06-28.

HEY-826-12-31,modified}{df 162}
3.12 Principal letter symbols and subscripts

The principal letter symbols and subscripts are given in Table 1 and Table 2.

Table 1 — List of major subscripts

Subscript Signification
0 (zero) At no load
C Commutating
D Direct current or voltagé
F Dependent of frequency
H Pertaining to harmonic component of order 4
| Ideal
L Referring\to line or source
M Maxinitum
M Rertaining to interharmonic component of order m
Min Minimum
N Rated value or at rated load
P Inherent
R Repetitive (over-voltage or peak current)
R Resistive
S Non-repetitive (over-voltage or peak current)
SC Short-circuit
Valve side
X Inductive
o Controlled value (by delay angle)
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Table 2 — Symbols 4

Symbol Quantity Reference to
Clause 3 Terms
and definitions

dan inductive direct voltage regulation due to converter transformer referred to U; -

e Inductive component of the relative short-circuit voltage of the converter -
transformer corresponding to 7,

N Rated frequency 3.6.2

g NUMDber of sets of commutating groups between which 7S divided 3.6.8

h Order of harmonic 3.10.6

I Direct current (any defined value) -

IAN Rated direct current 31679

Lydn Rated continuous direct current (maximum value) 3.6.10

L4”unN Intermittent peak maximum direct current 3.6.12

Iydun Peak maximum direct current 3.6.11

I RMS current on line side (of converter or transformer if included) -

AN Rated value of I; 3.6.5

LN RMS value of the fundamental component of 7, -

I RMS value of harmonic order 4 of 1 -

IN Rated value of current on valve side of transformer 3.6.6

P Pulse number-{see-note} 3.5.10
Active power -

L Active power on line side at rated-Jead -

q Commutation number 3.5.9
(oA Reactive power on line side“at rated load -
Rt Relative short-circuit'\power 3.9.9
s Number of series connected commutating groups -
Sedm Short-circuit power calculated at the AC terminals of the commutating arms -
Sg Short<gircdit power of the supply source -
Schin Minimum short-circuit power of the supply source -
S\ Rated apparent power on the line side 3.6.7
Siln Value of S\ based on I, -
Sin Transformer rated apparent power -
Uy Direct voltage (any defined value) -
Uqgo Conventional no load direct voltage 3.7.3
Uqgoo Value of Uy, with trigger delay angle o 3.7.4
Uqgo0 Real no-load direct voltage 3.7.5
Uy Ideal no-load direct voltage 3.7.1
Usgia Controlled ideal no-load direct voltage 3.7.2
Ugn Rated direct voltage 3.6.8
U Total inductive direct voltage regulation at rated direct current -

[=%
x
=z



For better readability, Table 2 is provided with references to Clause 3.
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Symbol Quantity Reference to
Clause 3 Terms
and definitions

UL RMS value of harmonic order 4 of U_ -

M Ideal crest no-load voltage, appearing between the end terminals of an arm -

neglecting internal and external voltage surge and voltage drops in valves, at
?ﬁeloraactji.o remains the same at light load current close to the transition current.

U, Line-to-line voltage on line side of converter or transformer, if any -

U Rated value of U 3.6.3

U km Maximum instantaneous value of U, including repetitive over-voltage but -

excluding non-repetitive over-voltages

Ui km Maximum instantaneous value of U, including non-repetitive over-voltages -

Ulivm Maximum instantaneous value of U, excluding transient over-voltages ~

U, Maximum of the sinusoidal waveform of the voltage (see 7.2.3.1) -

U, No-load line-to-line voltage on the line side of the converter or on the valye side | -

of the transformer, if any
U, Rated voltage on the valve side of the transformer 3.6.4
Xt Inductive voltage drop of the transformer in per unit -
a Trigger delay angle 3.5.11
ap Inherent delay angle 3.5.13
B Trigger advance angle 3.5.12

¥ Extinction angle 3.5.14

S5 Number of commutating groups commutating simultaneously per primary -

A tetal-Power factor 3.7.13

U Angle of overlap (commutation angle) 3.5.5
v Deformation factor 3.7.15
? Displacement.angle of the fundamental component of /. 3.7.14
B e e e e e

4 |Operation of semiconductor power equipment and valve devices

4.1 —CGlassifieation

411

Semiconductor converter

Semiconductor converters-can-be are classified as below.

a) Type of conversion and switching

1) AC to DC conversion (rectifier, identified as (power) rectification in+&V IEC 60050-
551:1998, 551-11-06);

2) DC to AC conversion (inverter, identified as (power) inversion in—+EV IEC 60050-
551:1998, 551-11-07);

3) DC to DC conversion (direct or indirect DC converter, identified as DC (power)
conversion in4+EV IEC 60050-551:1998, 551-11-09);
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c)

4) AC to AC conversion (direct or indirect AC converter, identified as AC (power)

conversion in4+EV |[EC 60050-551:1998, 551-11-08);
5) switching (periodic or non-periodic).

NOTE 1 Other similar terms are used, e.g. "DC/DC conversion" for DC conversion or "AC/AC converter" for AC

converter.

Purpose of conversion

In a power system, the converter changes or controls one or more characteristics such as

the following:

1) _freqguency (includina zero frequency):
] J \ ~J Ll J 77

N

voltage level or current level,;

A~ W

flow of active power;

[8)]

)
) number of phases, phase angle;
)
)

flow of reactive power, waveform;
6) quality of load power.
Type of valve turn-off

A semiconductor valve device can be turned off either by commutation, implying that
current of the arm is transferred to another arm, or by quenching, if the current of the
falls to zero before another arm is turned on. See Figure 1(

NOTE 2 Both types of turn-off-may can occur in normal operatidn of converters depending on the load.
classification is based on normal operation, full load current.
NOTE 3 The types of turn-off can be characterized by the source of the turn-off voltage:
a) external commutation (or quenching):
— line commutation (or quenching);
— load commutation (or quenching);
b) self commutation (or quenching, see alsg\4.1.2, Note 2):
— valve device commutation (or quenching);

— capacitor commutation (or quenching).
Type of DC system

Converters connected to at least one DC system can usually be wholly or partly classi
as current source (current stiff converter) or voltage source (voltage stiff convern
depending on whether the current or the voltage on the DC side is smoothed-infact-of.

predominant internal impedance of a current stiff converter is high, while the predomin
internal impedance of a voltage stiff converter is low. A thyristor converter is general
current stiff.converter.

from theAC to the DC side and inversion a power flow in the opposite direction.

Fot,'each mode of operation, in a current source system, the current is unidirectional,

the
arm

The

fied
ter)
The
ant

y a

For a converter connecting an AC system to a DC system, rectification implies a power flow

the“woltage polarity depends on the direction of the power flow. In a voltage source syst

the converse applies.

4.1.2 Semiconductor valve devices

Valve devices used in the power circuits of semiconductor converters-can-be are divided into
the following categories:

a)

b)

non-controllable valve device with a conductive forward and a blocking reverse

characteristic (rectifier diode);

valve device with a controllable forward switch-on (thyristor). Common name of this type of

valve device is "on-switched valve device";
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c) valve device with a controllable forward switch-on and forward switch-off (turn-off thyristor
(GTO), integrated gate-commutated thyristors (IGCT), power transistor, insulated gate
bipolar transistor (IGBT)). Common name of this type of valve device is "switched valve
device";

d) valve device which is controllable in both directions (for example triac).

NOTE 1 A valve device is controllable if it can be switched from the blocking to the conducting state by means of a
control signal.

NOTE 2 Power transistors and turn-off thyristors can be turned off by a signal applied to or taken off the gate.
Thyristors and triacs do not have this property and-must have to be turned off by main circuit voltages and currents.

NOW’LE 3 Depending on the type of semiconductor valve devices, they can have a conductive or a blocking.reverse
characteristic. Some of them can have an "only few volts" blocking reverse characteristic.

4.2 Basic operation of semiconductor converters
4.211 Commutation

Power electronic converters are semiconductor converters which, by means-of the commutation
or fhe quenching of the semiconductor valve devices, convert amplitude and/or frequency of
the|voltage or of the current from one side to the other side of the conwverter. The commutation
or quenching is the basis of the function and the operation of a s€émiconductor converter. The
gerleral performance is moreover defined by the converter connections of the semicondugtor
valye devices (circuit topology) and their control.

Thg different types of commutations are defined in 3.4, and the characteristics of commutation
in 3.5. The definition differentiates between commutatign which is a transfer of current from an
arn] to another, and quenching which is the termination of the current within an arm.

Figure 1 gives an overview of the different typés-of commutations.
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NO

QUENCHING

— 47 —

CURRENT TRANSFER
BETWEEN ARMS ?

YES

COMMUTATION

NO
DUE TO DEVICE ?

YES

AUXILIARY ARM

?

EXTERNAL VALVE DEVICE DIRECT INDIRECT
QUENCHING QUENCHING COMMUTATION COMMUTATION
NO YES
EXTERNAL MEANS ?
SELF- EXTERNAL
COMMUTATION COMMUTATION
NO YES NO YES
DUE TO COMMUTATION VOLTAGE
VALVE DEVICE ? FROM LINE ?
CAPACITOR VALVE DEVICE LOAD LINE
COMMUTATION COMMUTATION
COMMUTATION COMMUTATION
NO YES NO YES
DIRECTLY COUPLED n
CAPACITOR? FROM MACHINE 7
INDUCTIVELY COUPLED CAPACITOR RESONANT LOAD MACHINE
CAPACITOR COMMUTATION COMMUTATION
COMMUTATION COMMUTATION
3.4.11 349

IEC 1144/09
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arms?

342

Quenching

Current transfer between

Yes

Commutation
3.4.1

No \alve device? Yes No Al |vi|i=r\ll arm?2 Yes
External quenching Valve device Direct commutation Indirect commutation
3.4.15 quenching 343 3.4
3.4.14
No Yes

External means?

Self-commutation
3.4.10

Capacitor
commutation
3.4.11

capacitor?

Valve device?

Directly ‘coupled

Yes

External commutation
345

No

Commutation
voltage from line?

Yes
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machine?

Valve device ) ] _
commutation Load commutation Line commutatidn
3.4.13 347 346
Yes No From Yes

Inductively coupled
dapacitor commutation
34312

Capacitor commutation
3.4.11

Resonant load
commutation
3.4.9

Machine
commutation
34.38

Figure 1 — Types of commutation

IEC

The commutation is characterized by the waveforms of voltage and current and by angles (see
3.5.5, 3.5.11, 3.5.12, 3.5.14). Figure 2 illustrates these angles with a simple case of
commutating voltages from line. The top trace shows the rectified voltage and the bottom trace
shows an anode to cathode voltage. Figure 2 a) and Figure 2 b) are examples for p = 3 and

p = 6, respectively. [8


For better understandings, Figures 2 a) and 2 b) are provided with supplemental explanation.
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Figure 2 a) — Three phase stariconnection Figure 2 b) — Three phase bridge converter
converter
Figure 2 — lllustration of angles

4.2]2 Basic._calculation factors for line commutated converters
4.212.1 Voltage

Thg ideal no-load direct voltage Uy; is obtained from the voltage between two commutafing
phgses U, and the pulse number p by Formula (1):

. T
Ugi = Uy X 2><£><Sln; 1) [6

The controlled ideal no-load direct voltage Uy;, is calculated for different cases, first for uniform

connections (see 3.2.13, example with thyristors), and for non-uniform connections (see 3.2.14,
example half with thyristors and half with diodes).


For clear identification, the formulae are provided with numbers.
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a) Uniform connection (fully controllable)
1) If the direct current is continuous over the entire control range:

Ugia = Ugj * COS a 2)

2) If the converter load is purely resistive

For 0< o s%—l:
= ¥
Ugia = Ugi * COS « (3)
For LT <<y
p 2 p
1-sin (a —=n/p)
U. = U X L7

b) INon-uniform connection (half controllable)

Ugi, = 0,5 x Ugix.(1 + cos a) (5)

4.212.2 Voltage characteristics and*transition current

Belpw the value of the transition cusrent (mean value), and during the period where the current
is gero (instantaneous value),«the’ DC voltage only depends on the DC circuit and no longer
degends on the line side voltdge.

At the transition currentivalue, the voltage/current characteristic bends as is shown in Figure 3

0]
+

=\

Tw¢ examples where this transition between voltage characteristics occurs are

— bhack em f loads in which the inductance of the DC circuit cannot maintain direct curfent
over the entire period, and

— in the case of interphase transformer connection, when the direct current decreases below
the critical value at which the interphase transformer becomes ineffective.
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Ud00 -

Direct voltage

Udo -

UdN 4

-

Transition IyN Direct current
current

IEC
Figure 3 — Voltage regulation

4.2(3 Disturbances and fault conditions
4.2{3.1 Immunity level of a converter

When a disturbance from any origin does not exeeed the immunity level specified (see|for
exgmple Table 7, Table 8 and Table 9), the corresponding performance shall be maintained} no
los$ of performance, no tripping and no damage.yTable 3 defines the levels.

Table 3 — Performance criteria

Immunity level Symbol Performance criteria
Fupctional F No loss of performance
Tripping T No interruption of service due to protective devices
Damage D No permanent damage (fuses excepted)

Thg functional immunity level (F) of a converter is a combination of all the limiting levels of|the
varfous kinds ofteléctromagnetic disturbance level which said converter can withstand without
los$ of performance.

The tripping immunity level (T) of a converter is a combination of all the limiting levels of |the
varfous kinds of electromagnetic disturbance level which said converter can withstand without
interruption of service due to protective devices

The tripping immunity level-ean-be is further divided into two sub-levels:

— tripping with automatic reset when the disturbance is over;

— tripping without automatic reset (requiring outside intervention for restarting, manual
resetting of a circuit-breaker, changing fuse, etc.).

NOTE 1 Automatic resumption of service-sheuld-censider needs consideration of safety aspects according to the
application.

The damage immunity level (D) of a converter is a combination of all the limiting levels of the
various kinds of electromagnetic disturbance level which said converter can withstand without
sustaining permanent damage.
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Disturbances and compatibility

For electromagnetic compatibility (EMC), the semiconductor converters shall comply with
IEC 61000-6-1, IEC 61000-6-2 and IEC 61000-6-4 in general unless relevant product standards
are provided. EMC standards for semiconductor converters are provided to some products as
listed below:

NOT
intrg

E 1

IEC 61204-3 for-power-supphyrunits{(PSU) low-voltage switch mode power supplies;
IEC 61800-3 for adjustable speed electrical power drive systems{(PDS);

IEC 62040-2 for uninterruptible power systems (UPS);
IEC 62310-2 for static transfer systems (STS).

duces references to dedicated standards which are applicable according to their scope.

This document is not intended to define EMC requirements. It covers all phenemena and thergfore

Conducted phenomena are distinguished between systém-borne low-frequency disturbanices

andg

a)

converter-generated disturbances.

System borne disturbances

NOTE 2 Examples of such disturbances,are:

Converter‘generated disturbances

Disturbances attributable to a number of calses external to the converter, such as in|the
case of varying loads on the distribution system, switching transients, changes| of
configuration in the supply network, for'which only statistical values can be specified.

overvoltages, switching transients,)lightning strokes;

voltage changes due to motonstarting, capacitor switching;

faults and fault clearingysingle phase-to-earth, phase-to-phase;

quasi-permanent voltage unbalance, to be specified in terms of negative to positive sequence ratio;
frequency variatieniand phase displacement;

ripple-control (sighals;

harmonic«and interharmonic components of voltage and current.

Disturbances due to the non-linearity of the converter are generated by the operation of|the
converter.

OTE 3 Examples of such disturbances are:

harmonic currents, in terms of order, magnitude and phase relationship, for specified operating conditions,
taking into account the average, the "most likely" value and the maximum, occasional value for short
durations (for example 1 min);

commutation notches, to be specified in terms of width, depth, area;

commutation repetitive transients, to be specified as short impulses in terms of energy, crest value, rate of
rise, etc.;

non-repetitive transients which-may can be due to transformer inrush current, internal or external fault
clearing, etc.;

interharmonic components (for example frequency changers);

voltage dips and swells, to be specified as the difference of RMS value between consecutive steady-states.

NOTE 4 The listed disturbances-may-be are possibly produced by the converter under consideration or by other
converters and the actual level-may-chanrge changes with the network impedance, at the point at which they are
considered.
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5

5.1

NOTE 5 For more information, refer to IEC TR 60146-1-2. For example, when many converters with large p

ulse

numbers and phase-shift transformers are used, the harmonic problem-may-be is possibly alleviated to a point

where the voltage changes become the main concern.

Service conditions

Code of identification for cooling method

The cooling method is identified by letter symbols. They are arranged in a code form. The code
consists of two letters for direct cooling, and of four letters for indirect cooling.

a) [Direct cooling
For direct cooling, the first letter indicates the cooling medium (see 3.8.1 ands«refefl to
Table 4), the second letter indicates the circulation method (refer to Table 5).
EXAMPLE 1 AN, air cooled, natural circulation (convection).
b) [Indirect cooling
For indirect cooling, the same rule applies first to the two first letters'corresponding to|the
heat transfer agent (see 3.8.2) and secondly to the two last lettets) corresponding to [the
cooling medium (see 3.8.1).
EXAMPLE 2 OFAF, converter with forced circulated oil (pump) as heat transfer agent and forced circulpted
(fan) air as cooling medium.
c) [Mixed cooling method
For both cases, direct cooling or indirect cooling, ifthe’circulation is alternatively naturgl or
forced, two groups of symbols, separated by a stroke, shall indicate both possible methpds
of circulation as used, the first group corresponding with the lower heat flow or the lower
ambient temperature.
EXAMPLE 3 For direct cooling: AN/AF, converter Wwith natural direct air cooling and possibilities for forced d|rect
air cooling.
EXAMPLE 4 For indirect cooling: OFAN/@FEAF, converter with forced circulated oil as heat transfer agent|and
natural air as cooling medium, with possibilities for forced air as cooling medium.
Table 4 - Cooling medium or heat transfer agent
Cooling medium or heat transfer agent Symbol
Mineral oil (0]
Diglectric liquid (other than-mineral oil or water) L
Gas G
W3ater w
Air A
FlJid used for tWo*state cooling P
Table 5 — Method of circulation
Method of circulation Symbol
Natural (convection) N
Forced, moving device not incorporated E
Forced, moving device incorporated F
Vapour cooling \%

NOTE

In most cases, the identification code for the cooling method is the same as that now in use for transformers.



https://iecnorm.com/api/?name=f2970496cd705c200598ef6b4a65d6d7

- 54 - IEC 60146-1-1:2024 CMV © IEC 2024

5.2 Environmental conditions

5.21 Ambient air circulation

Indoor type equipment installed in a room shall be connected to the (unlimited) supply of cooling
medium or, if the cooling air is taken from the ambient in the room, provision shall be made to
extract the heat from the room, which then-ean—be is considered as an intermediate heat-
exchanger between the equipment and the outside air.

For assemblies mounted in a cubicle or cabinet, the ambient for the assemblies (internal air of

the

cubicle or cabinet) is to be considered as a heat transfer agent and not as a cooling medi

m.

The
for

re is some reflection from the cabinet walls, which should be taken into account. Theréf
he cubicle or cabinet mounted assemblies, a higher ambient temperature has to be speci

bre,
fied

and the clearance distances shall comply with the supplier’s specification.

5.2]2 Normal service conditions — Temperatures

Thg following limits shall apply unless otherwise specified.
a) [Storage and transport temperatures

Minimum Maximum

Storage and transport -25°C +55 °C

[These limits apply with cooling liquid removed.

b) |Operation including off-load periods, indoor equipment

Temperature conditions are defined in Table'®, according to different cases.

Table 6 — Limit of temperature,of the cooling medium for indoor equipment

Conditions Cooling medium Minimum Maximum

°C °c

Temporary extreme temperatures of the cooling Air 0 40
medium

Water +5 30

Oil -5 30

Dajly average Air 30

Yeprly average Air 25

5.2

3 Other normal service conditions

Operation including off-Toad periods are infended under the following limits.

a) Relative humidity of the ambient air for indoor equipment

b)

c)

Minimum: 15 %.

Maximum: standard equipment is designed for the case where no condensation can occur.
The case of condensation shall be treated as unusual service conditions (see 5.2.4).

Altitude
Not higher than 1 000 m

Dust and solid particle content for indoor equipment

Standard equipment is designed for clean air (IEC 60664-1, pollution degree 1). Any other
conditions are to be specified by the purchaser as unusual service conditions (see 5.2.4).
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d)

Outdoor equipment

Operation including off-load periods for outdoor equipment shall be specified by
purchaser.

5.2.4 Unusual service conditions

the

The service conditions are assumed to be those listed under normal service conditions. The
following list is an example of unusual service conditions that shall be subject to special
agreement between purchaser and supplier:

unusual mechanical stresses, for example shocks and vibrations:

a)

5.3

The
rati

cooling water which-may can cause corrosion or obstruction, for example sea water orh
water;

foreign particles in the ambient air, for example abnormal dirt or dust;

salt air (for example proximity to the sea), high humidity, dripping water or.cosrosive gas
exposure to steam or oil vapour;

exposure to explosive mixtures of dust or gases;

exposure to radioactive radiation;

high values of relative humidity and temperature similar to thosejassociated with sub-trop|
or tropical climatic conditions;

fluctuations of temperature exceeding 5 K/h and relative humidity changes exceeg
0,05 p.u./h;

altitude more than 1 000 m-(seeEC/TR-60146-1-2);

operation at ambient temperatures below +5 C<with water cooling;

operation at ambient temperatures below 456.3C with oil cooling;

other unusual service conditions not coveféd by this list or service conditions exceeding
specified limits of normal service conditions.

Characteristics of the load

supplier shall state the type of load for which the converter is designed and for which
hg is valid:
resistive (W);
highly inductive (k);
motor (M);
battery charging (B);
capacitive (C);
regeénerative (G).

ard

es;

ical

ing

the

its

Conve

roeaoly _tha ~yrobh o

the

oo
VOTOoCTy — o puroraotT

prospective application.

Examples of loads which require to be specified in detail include:

inductive load requiring voltage reversing and/or over-voltage protection, such as DC motor

fields, electromagnets, inductors with high X/R ratio;

energy-storing load such as storage batteries, capacitor banks, electrochemical proc
cells, inverters;

hoists, unwinders and other regenerative loads which require means of handling
regenerated energy and protection against mains failure;

highly variable impedance loads with high rate of current rise.

€SS

the


https://iecnorm.com/api/?name=f2970496cd705c200598ef6b4a65d6d7

- 56 - IEC 60146-1-1:2024 CMV © IEC 2024

5.4 Service condition tolerances
5.4.1 Steady state and short time conditions

Unless otherwise specified, the converter shall be designed to conform to the requirements for
immunity to conducted disturbances specified by the following determinations.

Disturbance levels corresponding to the immunity levels include the disturbance effects of the
converter; however, if the converter improves the disturbance values, the disturbance levels
shall exclude the corresponding effects of the converter.

For|different AC or DC connections, different immunity classes or special immunity levels\may
be specified. If no immunity class is specified, class B in Table 7 shall be assumed toapply.

For|connected stiff voltages, the electric service conditions refer to IEC 61000-2-4. IEC 61000{2-2
is also taken into consideration.

For| guidance on disturbance effects caused by line-commutated converters, see 3also
IEJ TR 60146-1-2.

Thg immunity classes A, B, C defined in 5.4 correspond to the practice established, before|the
pulbjlication of the IEC 61000-2 series setting up the compatibility levels.

NOTE 1 While the IEC 60146 series establishes immunity classes fromithe highest immunity to the lowest (A, B, C
decreasing immunity), IEC 61000-2-4 sets classes of compatibility levels from the lowest values to the highest
(clagses 1, 2 and 3 with increasing values of compatibility levels):

NOTE 2 For these low frequency phenomena, the margin between the compatibility levels and the immunity lgvels
may|can have significant consequences on the design. Thisis the responsibility of the manufacturer to define their
margin according to the tolerances resulting from theirdesign and according to their manufacturing process.
Thegefore, there is no margin planned in the standard-réquirements.

Immunity class A The immunity level§ of class A apply to the compatibility levels of clags 3
of IEC 61000-2-4:2002 excluding dips and short time interruptions (which
are not admissible at most converters) and additional immunity leyels
defined in_ Table 7, Table 8 and Table 9.

Immunity class B The immunity levels of class B apply to the compatibility levels of clags 2
of {EC 61000-2-4:2002 excluding dips and short time interruptions (which
are' not admissible at most converters) and additional immunity leyels
defined in Table 7, Table 8 and Table 9.

Immunity class-€ The immunity levels of class C apply to the compatibility levels of clags 1
of IEC 61000-2-4:2002 excluding short time dips (which are not admissjble
at most converters) and additional immunity levels defined in Tablge 7,
Table 8 and Table 9.

The defined immunity levels are summarized in Table 7 for frequency and voltage amplitude,
Table 8 for voltage unbalance and Table 9 for voltage waveform. Compatibility levels defined
in [IEC 61000-2-4:2002 are also shown in italics for reference.

Deviations from the defined immunity levels and additional immunity levels should be specified
for the individual equipment and application.
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Table 7 — Immunity levels to frequency and voltage amplitude

57—

for stiff AC voltage connections

Disturbance Applicable Immunity class Performance
values of criteria @
IEC 61000-2- A B c
4:2002
Frequency tolerance
Range (%) +2 B2 =42b +1 F
B1 = %1
[ Rete-ofehange—{%+s) +2 +4 +4 =
Vo‘tage amplitude tolerance
a) | Steady state AU/U) (%) +10to -10 | +10to -10 | +10to -5 F
Compatibility levels IEC 61000-2-4:2002 © Table 1 +10 to -15 +10 +8
b) | Short time (0,5 to 30 cycles)
up to rated values
— Rectifier operation only (%) - +15 +15to -10 [.+15't0 —-10
— Inverter operation (%) - 15 +15 to =10 +15 to
-7,5
NO[FE—For overload conditions, other limits-are-te shall be specified separately:
NOJTE 1 Compatibility levels defined in IEC 61000-2-4:2002 are shownNpvitalics for reference.
NOJTE 2 A decrease in frequency is assumed not to coincide with’ an-increase in line voltage and vice versa.
NOf if;
by
NOJTE 3 Short-time AC voltage variations are not expected to occur more frequently than once every 2 h.

special control arrangements.

Electromagnetic environment classes 3, 2, 1.

The compatibility level for industrialinetworks class 2, according to IEC 61000-2-4:2002, is 1 %.

For definition of the code, refer to Table 3. Within certain limits to be specified, the possible consequence T
may be replaced by F, in particular if, by a regiirement to be inserted in the specification, the purchaser requires
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Table 8 — Immunity levels to voltage unbalance for stiff AC voltage connections

Disturbance Applicable Immunity class Performance
|E‘::a|6u1eosogf2- A B c criteria ®
4:2002

Voltage unbalance factor UnegIUpos
a) Steady state (%) 5 5 2 F
Compatibility levels IEC 61000-2-4:2002 ° Table 1 3 2 2
(over any 10 min)
b) | Short time

— Rectifier operation only (%) - 8 5 3

— Inverter operation (%) - 5 5 2

NOJTE 1 Compatibility levels defined in IEC 61000-2-4:2002 are shown in italics for reference.

NOJTE 2 The higher values specified for short time-may can lead to, for example, excessivevripple on the DC dide
and uncharacteristic harmonics on the AC side.

NOJTE 3 Short-time voltage unbalances are not expected to occur more frequently than once every 2 h.

2 |For definition of the code, refer to Table 3.

Electromagnetic environment classes 3, 2, 1.

Table 9 — Immunity levels to voltage waveformfor stiff AC voltage connections

Disturbance Applicable Immunity class Performarjce
values of criteria
IEC 61000-2- A B c
4:2002
Voltage waveform
a) | total harmonic distortion THD (%) 25 10 5 F
Colnpatibility levels IEC 61000-2-4:2002% Table 25 10 8 5
b) | individual harmonic distortion
stepdy-state  odd (%) 8 6 3 F
even (%) 2 2 1 F
Cofnpatibility levels IEC/61000-2-4:2002°
4 order 5 (%) Table 2 8 6 3
+ other odd-erders See See See
excluding‘multiples of 3 Table 32 IEC 61000- | IEC 61000 | IEC 61000
. 2-4:2002 -2-4:2002 | -2-4:2002
1 multiples of 3 Table 43 Class 3 Class 2 Class 1
+ <even orders Table &4
C) bUIIIIIIUth;UII IIUtUhUO (otcady otatc\;
— amplitude (% of U y,) - 100 40 20 T
— area (% of U x degree) - 625 250 125 T
NOTE 1 Compatibility levels defined in IEC 61000-2-4:2002 are shown in italics for reference.

NOTE 2 The area of a notch is approximately constant for a given DC current and Rg.. The width and depth vary

with the trigger delay angle (a).

NOTE 3

If several converters are connected to the same converter transformer terminals, the total area of all

notches over one period of the fundamental is not expected to exceed four times the area given above for one

principal commutation notch.

2  For definition of the code, refer to Table 3.

b

Electromagnetic environment classes 3, 2, 1.
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.2 Repetitive and non-repetitive transients

A typical waveform of repetitive and non-repetitive transient is shown in Figure 4. The following
characteristics shall be specified as far as possible:

a)
b)
c)
d)

e)

transient energy available at the converter terminals (J);
rise time, (from 0,1 p.u. to 0,9 p.u. peak value) (us);
peak value U ru/ULwm (p.u.);
peak value U g/UL\wm (p.u.);
duration above 50 % of the peak measured from the sine wave-{£} (us).

Ite e) describes the duration of the non-repetitive transient voltage denoted by U, g)f in

Fig
of t
wa
par

ire 4. The duration is defined by the parameters "¢" and "¢" in the waveformny“e" shows 50 %
he amplitude of the non-repetitive voltage above the "sine wave", the sihusoidal part inthe
eform. "t" is the width of the non-repetitive transient measured at "d% from the sinusojdal
as shown in Figure 4. | 7

Figure 4 — AC voltage waveform

NOTE For additional information on AC voltage waveforms, see IEC TR 60146-1-2.

6

6.1

a)

Power conversion equipment and assemblies

Electrical connections
Standard design converters

Considering the need for simplification in the common case of standard design converters
covering the majority of users requirements, two types are considered in Clause 6:

1) converters without transformer;
2) individual transformer converters.



For better understandings, Figure 4 is provided with supplemental explanations especially for item e).
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In both cases, single phase and three-phase supplies are considered (p = 2, p = 6) with

uniform connection.

In case 2), twelve-pulse converters and dual six-pulse converters require two secondary

windings (valve side windings) with star (Y) and delta (D) connections, respectively.

Special design converters

For converters subject to special agreement between the purchaser, the supplier and
possibly the supply authorities because of their rating or special requirements or mode of
operation, refer to IEC TR 60146-1-2:2019, which also gives other types of possible

connections for particular applications.

6.2
6.2
Tah

co

Tak

coummutated converters. IEC TR 60146-1-2 gives the calculation factors also] for some of

Calculation factors
1 Essential variables

le 10 gives the value of some calculation factors for the most used conpéctions of

nections. '8

le 10 consists of 17 columns.

Column 1 gives a reference number to the connection.

Column 2 defines the transformer connections on the ling side.
Column 3 defines the transformer connections on the valve side.
Column 4 shows the converter connections (schematics).
Column 5 is the pulse number p.

Column 6 is the commutation number ¢ (on.@ycommutating group).

Column 8 gives the line side currentfactor.
Column 9 gives the valve side cutrent factor.

Column 10 gives the voltage ratio Uy;/U,.
Column 11 gives the voltage ratio U;,/Uy;.

Column 12 gives the parameter for inductive voltage regulation (see Formula (10)).
Column 13 gives the short-circuit transformer connections for transformer test.
Column 14 gives the short-circuit transformer connections for transformer test.

Column 15 gives the short-circuit transformer connections for transformer test.

Column~T6 gives the transformer guaranteed losses-forconverteroperationrelated-tolos
| | . it 3 14-45).

Column 7-{thiscolumn-isfree) gives the-lile side fundamental to dc current factor 74, /1{.

ine
her

alumn 17 aives-tha maaciiramant of o inductivg camnanagnt af thg rglativig chaort cir
T

it
<

a)

N XN g
voltage-of-the-convertertransformercorresponding-te , the transformer guaranteed sh

circuit impedance.

Voltage ratios
The voltage ratios are:

-

v0

ot

ort-

(6)


Contents of Table 10 are replaced with those in Table 1 of IEC TR 60146-1-2:2019, which was revised considering the coordination with the converter transformer standard, IEC 61378-1:2011.
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Um

Uy (7)

regarding the ideal no-load direct voltage, and the ideal crest no-load direct voltage.
b) Line side current factor

The line side current factor is the quotient of the RMS value I, of the current on the line
side of the converter and the direct current 7, The line side current factor is indicated in

Table 10 on the assumption of smooth direct current, rectangular wave-shape -of [the
alternating currents and on the following voltage ratio for single or double-way connectigns:

U
=t (8)
Uvo

where

U, is the phase-to-phase voltage on the line side;
U,o is the voltage between two commutating phases ondyvatve side.

The line side current is approximately:

UVO
L

IL =]|1><

9)

Thdin y lation.| io:

dxtN
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c) Nominal inductive voltage regulation

The nominal inductive voltage regulation may be calculated from the value of X; by means
of Formula (10): |9

OXgxs

d =
XIN 2><77,'><g Udi

where

I
x Xy x9N (10)

<

Short-cirsliit conditions

For details, see IEC TR 60446-1-2:2019, 4.7.2.4.
Transformer losses ang-sfiort-circuit impedance 10

[Table 10 gives the {ransformer guaranteed losses and the transformer guaranteed sh
circuit impedance3For details, see IEC TR 60146-1-2:2019, 4.4.7 and 4.4.8, respectiv
They are originaly/defined in the IEC 61378 series, the converter transformer standard

Usually,*the protection of the converter is such that a short-circuit is cleared in the shor
possible time. Some applications, for example converters for railway fixed installatig
require the converter to withstand the DC short-circuit current for the breaking time of

is the number of sets of commutating groups between which 7y is dvided;
is the rated direct current;

is the commutation number;
is the number of commutating groups in series;

is the ideal no-load direct voltage;

is the number of commutating groups commutating simultaneatsly per primary.

The parameter below used in Formula (10) is listed in Tablé 10, column 12.
oxgxs

g

is the transformer commutating reactanté measured according to IEC 61378-1:2(
7.2

11)

11,

is calculated from U, o with the parameter of Table 10, column 10. In case of the 6-pylse

32

converter, Uy =——U,q-
T

ort-
ely.

est
ns,

the

output circuit-breaker which can be as long as 150 ms. In such cases, specific calculation
ratios take into account the large angle of overlap which introduces multiple commutation.
This is covered by dedicated standards (see IEC 62589).


The formula for nominal inductive voltage regulation is replaced with Formula (10). The formula in the previous edition was derived based on the r.m.s. value of the rectangular current waveform while the latest converter transformer standard, IEC 61378-1:2011, is based on the fundamental frequency component.

In addition, the previous formula is not popular and could not be found in general textbooks of the power electronics. Then, this edition takes Formula (10).

For details, see IEC 60146-1-2:2019, Subclause 4.7.2.4 and Annex C.

The transformer loss and the transformer guaranteed short-circuit impedance are changed in Table 10 to keep good coordination with IEC 61378-1:2011.
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Contents of Table 10 are replaced with those in Table 1 of IEC TR 60146-1-2:2019, which was revised considering the coordination with the converter transformer standard, IEC 61378-1:2011.
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6.2.2 Losses and efficiency

6.2.2.1 General

The efficiency of converter assemblies or equipment shall be declared as power efficiency.

The efficiency may be determined by a measurement of AC and DC power at normal load
conditions or by a measurement of internal losses in a short-circuit test and a light load test or
by a calculation of internal losses, at the choice of the supplier.

NO
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6.2
The

a)

6.2
The

E The loss evaluation by calculation can be applied for the large converters which practically cannot bete
e factory or in the laboratory. The loss calculation is performed in such cases based on the acfual
surement of the assemblies or on the authorized calculation procedures in relevant product standardss Aty
hple is the HVDC converter, of which loss determination is specified in IEC 61803.

apparatus included in the determination of the over-all efficiency shall be stated.

ase of doubt as to whether the losses of a component of the power conversion equipm
E) should be included or not, when calculating the efficiency, it shall be stated whether
es in it are included in the declared efficiency. For certain components in the po

version equipment, 6.2.2.2 and 6.2.2.3 shall be considered.
2.2 Included losses
following losses shall be included when determining the efficiency:

internal losses in the assembly such as losses 4nysemiconductor valve devices, in fus
potential dividers, current balancing means, capacitor resistor damping circuits and volt
surge diverters;

losses in transformers, transducers, interphase transformers, current limiting and balang
reactors between transformer and thyristor or diode assemblies and the losses of the
side auxiliary transformers and reactors forming part of the equipment and delivered un
the same contract;

losses due to main connections between transformer and assembly for the case w
transformer and assembly are*built together and delivered as a unit;

power absorbed by auxiliaries such as permanently connected fans or pumps and rel
unless otherwise specified;

losses in series smoothing reactors, when supplied by the supplier of the PCE;
losses due to circdlating currents in double converter connections;

power consumed by the trigger equipment (see 3.1.17).
23 Not included losses

following losses shall not be included when determining the efficiency but shall be sts

sted
loss
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arately if requested and if the apparatus concerned is supplied by the supplier of the P(

CE:

a)
b)
c)

d)

f)
g)

losses due to the main connections between transformer and the assembly when delivered

as separate units;

losses due to the main connections to circuit-breakers, disconnectors, switches and to
load;

the

losses in circuit-breakers, disconnectors, switches and in control gear other than the items

mentioned in 6.2.2.2;

losses due to heating and ventilation of the building and in the cooling supply;
losses in the series smoothing reactor, when not supplied with PCE;

losses in system control equipment (see 3.1.18);

losses due to auxiliary apparatus which operate only intermittently.
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6.2.3 Power factor

As the line current to a line-commutated converter contains harmonics, it is important to state
the kind of power factor meant when a specification for a guaranteed supply power factor is
written.

Reference is made to the power factor of the fundamental wave or displacement factor cosgy,
unless otherwise specified (see 3.7.14).

For pulse numbers higher than 6, the difference between the total power factor 4 and the
displacement factor cosg, is small, but for lower pulse number the difference is significant.

Unless otherwise stated in the contract, for multi-phase converters supplying inductive Idad,
the|manufacturer guarantees shall be given on the displacement factor cosg;.

NOTE In such a case, calculation is adequate to get reliable figures of the displacement factor under the condjtion
of symmetrical control.

For fonverters supplying mainly battery chargers or capacitive loads, the total power\factor-should-be-considergd is
calcplated in general. When exact calculations of the displacement factor or of the total power factor are requfred,
knowledge of many parameters is necessary, including line impedance. For such calculations, refer to IEC TR 60{46-
1-2.
The|formulae described in 6.2.3 can be applied on the assumption of smooth direct current and rectangular wpve-
shape of the alternating current.

When the actual direct current and output direct voltage of a line-commutated convertefr is
kngwn, the following formulae give approximate values:

Agtive power P =Ug % Iy 12)
Fundamental apparent power Sp= Uy * Iy 13)
Displacement factor cosgpq = PIS, 14)
Flindamental reactive \power 04 = 1/S12 - p? 15)

Thgse formulae normally give sufficient accuracy to calculate cose, and also the amounf of
capacitors-needed to correct the power factor to a specified value.

Referrio IEC TR 60146-1-2 for more detailsif rnquirnd

6.2.4  Voltage regulation

The following refers to standard design (connection no. 8 in Table 10), line commutated, three-
phase, uniform, double-way connection converters with transformer or line reactors. Here, some
usual cases are considered.

a) Resistive direct voltage regulation

Resistive direct voltage regulation Uy, is approximated by Formula (16) using losses in
components P,.
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R

Ugr =—— (16)

I4N

The term "components” includes transformer windings, series reactors, smoothing reactor,

diodes, thyristors, fuses, etc.

Inductive direct voltage regulation

Scom /dN
. ‘thoindividual ‘
1
Scom = —
o XIN
Sc SiN

T induectance | of the cahlae and linea raaectore i€ sintrodiced inctaad of the trancfarmer
LA LABAV AT AVAS @ ) ) vy vy = T ALELAYZ CTOUTO O arTa LLLB A LAYAZAYAa v, pw ) LOU T oo ooT mTTotoaT T ares TaAaATToTOTIImToT
indlictance;using-theperunit-voltageregulation-aifated-currentto-caleulate-S ..
s 1
com <4 Y,
_ |
Sc  SiLN
where
2x wx fiyx Lx SqIN
X, =
Z
U
LN
Forothercases;see |EGC/TR 60146-1-2-

The indudtive voltage regulation including the effects from the reactances of the suj
sourcenand the feeder cable or line is calculated as below based on Formula (10).

—5qusyy yId_N

ply

<+ 12
AUN 2><77,'Xg SUTITI Idl \
where
Xeum =Xt + X'+ X'c, the sum of the reactances below:
X, is the commutation reactance of the converter transformer seen

from the valve side;

2
U
X' = [LOJ x X  is the reactance of the cable or the line seen from the valve side

through the converter transformer;


The formula for the inductive direct voltage regulation is replaced with Formula (17). The formula in the previous edition used the short circuit ratio and seemed to be difficult to understand. Formula (17) is based on the reactance which is consistent with Formula (10).

For details, see IEC 60146-1-2:2019, Subclause 5.1.3.
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2

U

X'c =( UVOJ x Xc is the reactance of the supply source seen from the valve side
L

through the converter transformer.

For other symbols and parameters in Formula (17), refer to the explanations for
Formula (10). For details, see IEC TR 60146-1-2:2019, 5.1.3.

c) Influence of other converters

If several converters are fed from the same supply transformer, this usually causes an
additional voltage drop. If required by the contract, the detailed calculation may be
performedusing the Tating; type of commectiomand other particutars of theotherconverters.

In the simple case of several independent, identical converters, the maximum additignal
voltage drop may be estimated using the total apparent power of all the converters,
assuming the same value of the trigger delay angle .

d) [Twelve-pulse converters

In the case of two series connected six-pulse converters, one fed from™a-‘star (Y) and|the
other from a delta (D) secondary winding, each six-pulse converter is considered separatgly,
neglecting the primary leakage reactance, which is usually much smaller than the secondary
reactance for transformers designed for the purpose and adding the individual voltage
regulation.

e) [Boost and buck connection converters (series connection)

Using the same assumption as above, the voltage regulation depends on the operating ppint
and each six-pulse converter shall be treated separately. The DC voltage and voltage
regulation add up (algebraically if one of the converters is in the inverter mode).

[This approximate method may also be used/for three-phase, double-way non-unifprm
connections (for example three thyristors, three diodes or six thyristors, six diodes).

6.3| Electromagnetic compatibility
6.3|{1 Harmonics
6.3]1.1 General

In this document, the power freguency is taken as the fundamental frequency of the harmon|ics.
For|details, see Annex B.

6.3/1.2 Order of harmonics in line current and voltage

Asquming perfect'symmetry of the supply voltages, trigger delay angles, transformer ratiol for
star (Y) and _delta (D) windings, the following apply for three-phase uniform connedgted
converters.

Theg orden of characteristic harmonics depends on the pulse number p:

h=hkp+1 k = integer (1...n) (18)

The corresponding frequency is related to the fundamental frequency f; by:

Jh=h* [ (19)

subject to the mains frequency variations.
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NOTE 1 Due to small errors in star (Y) and delta (D) winding voltages (integer number of turns), supply voltage
unbalance, trigger delay angle error and other manufacturing tolerances, twelve-pulse converters usually produce
uncharacteristic harmonics which-may can range from 0,05 p.u. to 0,15 p.u. of the value for a six-pulse converter (p
= 6) of the same rating.

NOTE 2 Sequential gating or non-uniform, dual six-pulse converters-may can produce harmonics up to 1,0 p.u. of
the theoretical value for the equivalent six-pulse converter depending on the trigger delay angle and transformer
secondary phase shift, if any.

6.3.1.3 Amplification of harmonic currents on the line side

Poi/er capacitors may be used for power factor compensation both of AC motors and.line-
commutated converters. The resonance between the source impedance and the gapacifors
(indluding the cable capacitances, especially for MV systems) may amplify the“harmonic
curfents and voltages. These resonances may be shifted to lower frequencies_(bélow the|5th
harmonic) by providing reactors in series with the capacitors.

6.3{1.4 Direct voltage harmonic content

For perfectly balanced supply voltages, trigger delay angles, Etc., the frequency of the difect
curfent and the direct voltage harmonic content is given by:

Jhde =k Xpxfy k =Sfiteger (1...n) 20)

Thg negative sequence voltage produces_anadditional harmonic component at a frequency
2 x|f;, which cannot be cancelled by an appropriate design of the converter unless a Iqrge

smoothing reactance or DC output filter is added.

As g result of the harmonigtontent of the voltage on the DC side, the DC current also contains
ripgle. For converters supplying capacitor banks or storage batteries (battery chargers), [the
counter e.m.f. may be«egual to the direct voltage average value, in which case the direct curfent
is discontinuous and_an appropriate trigger equipment is required.

6.3]2 Other EMC aspects

Begide harmonics, which represent the main EMC concern for line commutated semicondugtor
converters, the risk of interference with in-plant low current control and communication lirjes,
or with(telephone and communication links shall be considered. The following only gives general
ad ibU dlld It ib |c|||i||u'cu' tilat, as illdibdtbd ill 4232, d” dbpcbtb Uf UiUbtlUllldyll t|C
compatibility (EMC) for certain semiconductor converters are discussed in dedicated standards.

The purchaser-shall should specify any special requirements in the enquiry or, failing this,
specify the installation site, the type of supply system, the intended use of the converter and all
particulars that-may can have an influence on the actual electromagnetic compatibility (EMC)
requirements.

a) Interference with in-plant, low current control and communication lines

Cable routing, filtering, feed-back cables and low current cables, etc., where such are
installed by the purchaser,-shall should be in accordance with any instructions provided by
the supplier and also publications by IEC TC 77 and local authorities.

b) Interference with telephone and communication links


https://iecnorm.com/api/?name=f2970496cd705c200598ef6b4a65d6d7

Standard design industrial converters or special design converters for industrial application
are not usually designed to meet the emission requirements applicable to equipment
intended for use in residential environments, such as those specified in IEC 61000-6-3.
Emission limits are given in the dedicated product EMC standards, see 4.2.3.2. Where no
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CISPR 11 or the relevant generic emission standard, such as IEC 61000-6-4
IEC 61000-6-8.

Rated values
1 General
erters or as closely as possible according to the load that it is intended to serve. The rati

e converter are not valid if the load is changed to a load for Which the converter is
nded.

Ra{d values of a converter shall be given either as standard design values.for general purp
\%

he specification of the converter, the character of the load.shall also be specified.

noted that this document will not take precedence_dyer a specific product standard. Nam
sidering the fact that the load characteristics vafy application by application, requireme
A product shall be specified by its appropriate product standards where applicable 13.

exgmple, requirements for adjustable speed mator drives in applications such as rolling m
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er mills, mining hoists, etc. are given in—EC—publications IEC 61800-2
TR 61800-6.

2 Rated output voltage

rated output voltage shall be*the continuous operating voltage assigned by the supplie

maximum output voltage shall comply with the dynamic requirements of the intended
hall be separately spécified by the purchaser.

E A line-commutated’converter frequently-has needs to be designed for a maximum direct voltage higher
ated direct voltage-(for example, in the case of field excitation of DC machines or synchronous machines,
pned for a multiple of the rated direct voltage) in order to allow a margin for control, voltage regulation, AC|
ge variation.compensation. This-may can result in a rated apparent power for the converter transformer, w|
me cases greatly exceeds the rated output of the converter.

he absence of such a specification, the rated direct voltage shall be maintained at all val
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cOcrent up to the rated direct current for the specified limits (see 5.4, service condi

ion

tolerances) at the Tine terminals of the converter.

A line-commutated converter shall perform without service interruption at its rated values, under
any operation mode (as rectifier or inverter) and throughout the service condition tolerances. A
lower voltage may be negotiated for AC systems subject to heavy fluctuations, with the
recommendation that the safe level of inverter operation should be set lower than the expected

min

imum alternating voltage on line side (see 5.4).



This document explicitly declares its position to the product standards.
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6.4.3 Rated current values
6.4.3.1 Current values to be specified

Each PCE shall have an assigned value for rated current, together with a specified duty class
unless the rated current is related to continuous duty (see duty cycle,
IEC 60050-151:2001, 151-16-02). Additionally, the assemblies shall have an assigned value for
rated continuous current. This assigned value is the rated continuous direct current (maximum
value) I N (see 3.6.10)

Indepehden of-the-du a or-the-converter—the-converterand-its—constituen emblies
shdll be capable of withstanding fault currents within the limits permitted by the protective
eqlipment (example fuses) as recommended by the converter supplier. This applies tq all
opgrating conditions up to and including maximum loading.

Independently of the duty class for the converter, the converter and its constituent assemblies
shdll be capable of withstanding over-currents of such magnitude and duration‘as is necesgary
to pllow the automatic load regulating equipment or over-current protective equipment to
opgrate (over current electronic protection).

6.4{3.2 Short-time duty

A rated current-ean may be defined for continuous and permanent condition as above, or| for
simlple load duty consisting of a constant current associated . with a single short duration ppak
curfent. Two equivalent methods-ean may be used. For_both cases, requirements of 6.4(3.1

apgly.

a) [Rated current for peak load duty

The rated current for peak load duty delivered by the PCE is compatible with a peak Ipad
duty, provided the peak is followed by,aZno load period the duration of which allows |the
temperature of all parts of the PCE to fall to that correspondent to operation at rated difect
current.

The value of direct current which~the PCE can supply to its load for specified duration under
specified service conditions, swhich includes a short-time peak direct current, is the rgted
current for peak load duty. The duration and magnitude of the peak current (peak maximum
direct current /yg\n) andithe minimum time of no-load before carrying any current shall be

specified, as defined in"'3.6.11 and 3.6.13.
b) |Rated current for-Cohtinuous duty with superimposed peak loads

[The rated curréntfor continuous duty with superimposed peak loads delivered by the HCE
is compatibleswith an intermittent peak load duty, provided the minimum time betwgen
applicatiofs-of intermittent peak loads allows the temperature of all parts of the PCE to|fall
to that.corresponding to operation at rated direct current.

[The(rated direct current for this duty is the value of direct current which the converter pan
supply to its load for unlimited duration under specified service conditions and With
;Iltcllll;ttcllt:y apphcd }JCG:\ :uado (IdRMN) Uf apcuiﬂcd |||au||itudca allk_.lI dulatiuna. . he
minimum time between applications of intermittent peak loads shall also be specified (see
3.6.12 and 3.6.14).

c) Rated current for repetitive load duty (periodic duty)

The rated direct current of the PCE shall be specified as the RMS value of the load current
evaluated over the period of the load duty cycle. The duty class shall be preferably specified
as a sequence of current values together with their durations, as defined in 3.6.15.

6.5 Duty classes
6.5.1 Principles

6.5 is described assuming the line commutated converter applications, listed in Table 12, as
examples where the loads have cyclic variation patterns.
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It is noted that this document will not take precedence over a specific product standard. Then,
in case where the load of a product has different characteristics from those assumed,
appropriate product standards shall be applied. 14

If in practice it is difficult to know the expected load diagrams on which the exact size of a
converter depends, conventional diagrams which show constant current values for specified
durations may be specified as follows.

A rated current value shall be specified and valid only for a defined duty class. If a converter is
designed to operate at different duty classes, separate rated current values have to be given
for pachduty class.

If np suitable standard duty class-can-be is found in Table 11, the duty shall be specified baged
on fhe agreement between purchaser and supplier. The rated current-shalt may be the RMS
vallie of the repetitive load duty cycle taken over the most onerous 15 min- period, if |not
otherwise specified.

Tahle 11 contains standard duty classes, which specify current capabilities in terms of curfent
valyles and durations.

Theg current values specified in Table 11 are each individually applicable after temperatyres
haVe been reached equivalent to continuous operation at rated_c¢urrent.

Forlexamples of load cycles, see Table 12.

Table 11 — Standard duty classes

Duty class Rated currents\for converters and test conditions for assemblies

(relative values in per unit of 7,,)

| 1,00 p.uscontinuously

1 1,00 p.u. continuously
1,50, "p.u. 1 min

I 1,00 p.u. continuously
$#50 p.u. 2 min
2,00 p.u.10s

v 1,00 p.u. continuously
1,25 p.u.2h
2,00 p.u.10s

\% 1,00 p.u. continuously
1,50 p.u.2h
2,00 p.u. 1 min

VI 1,00 p.u. continuously
1,50 p.u.2h

3,00 p.u. 1 min

6.5.2 Selection of duty class and rated current value

Different hypothetical load current diagrams giving assumed typical load conditions for the
standard duty classes are given in Table 12 together with an indication of applications for each
class.

For guidance in determining the rated current of the PCE, the expected load diagram shall be
examined-a HH e i g ;

The load conditions specified in Table 12 are less onerous than the rated current values
specified in Table 12. This allows for the fact that the peak loads are sometimes concurrent and


This edition clearly declares its scope for the duty class. It also clarifies the procedure for the case where an appropriate duty class cannot be found in this document.
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ensures that rated peak of short duration (5 min and less) can, in almost all practical cases, be
safely applied as often as permitted by the longer time specified for the lower rated peak load
current, the only restriction being that the time between two consecutive peak currents is at
least 20 min. The restriction is due to the fact that the thermal time constant of converter
assemblies is normally in the order of 2 min to 20 min, depending on the properties of the
cooling system.

For duty classes IV and V, this will mean that the time periods—T,;—T,—ete- and corresponding
current values-{,-+/, may differ considerably without affecting the design of the transformer.

Tydical load conditions of duty classes V and VI include recurrent two-step peak currents| as
shgwn in the load diagrams, with interposed intervals of current amplitude 7, (p.u.). The curfent
amplitude /4 (p.u.) and the duration ¢ (min) are specified in the tables and change in the codrse
of the day.
Table 12 — Examples of load cycles as guidance for selection of'duty class
Djuty class Most typical applications Assumed typical load conditions for the duty class
Load current in relation to.the rated direct current
| Electrochemical processes, A
etc. 1,0
f I >
0 24 h t
IEC
1 Electrochemical processes, | | 171,5 :1min
etc. Y rl—
1,0
| | -
0 24 h t
IEC
I Light industrial and light 20:10s
traction substation service \
1,5 ;2 min
L0 for —
0 6 24 h t
IEC
\Y% Industrial sefvice, heavy 'R )
duty 2,0;10s
1.0 1,25
’ 0,7
} i — f >
0 6 8 14 16 24 h t
IEC
V, Medium traction substation T=10 min
and mining -
N~ L2 ) “ 20-30¢
3 HE SEA I oL Iﬁ_ "‘ T
15
=13 1,5;90s
1 ] -
0 2h t
IEC
Ig (p.u) | T (min) |1y rms (pou.)?
Ohto 2h 1,3 10 1,36
2hto10h 0,8 15 0,94
10hto12h| 1.3 10 1,36
12hto24h| 07 30 0,79
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Duty class Most typical applications Assumed typical load conditions for the duty class
Load current in relation to the rated direct current
VI Heavy traction substation TiSLnin
l4=1,5p.u. (2 h) I
25:60s
A
Id =12 1,5 ) 90s
| 1 »
0 2h t
TEC
Ig (p.u.)| T (min)| Iy ms (p-u.)?
Ohto 2h 1,2 5 1,50
2hto10h| 08 6 1,26
10hto 12h| 1,2 5 1,50
12hto 24 h 0,7 20 0,93
a Id‘rms is the RMS value over the load cycle.
6.5)3 Particular remarks for double converters

Ad
sec
loa

The
with

Spe
ma

puble converter may have either a symmetrical load where theJoading of the two conve
tions is symmetrical in the two directions of current flow or(an asymmetrical load where
Hing of the two sections is different. For converter section\0f a double converter, see 3.3

requirements in 6.4.3 apply also to double convérters. In the case of double conver
asymmetrical loading, each section shall be given separate duty cycles.

cial recommendations for double converters' intended for adjustable speed motor dri
be found in [IEC TR 61800-6.

Markings
1 General

h PCE which is delivered_as an integrally assembled unit and each assembly whic
vered separately shall bear the following markings.

Clear indication ofsmanufacturer or supplier

INOTE4-This indication may be given on the rating plate.

Indication of.the type of equipment

The type of equipment is according to 3.2 and 3.3.

INOTE-2—This indication may be given on the rating plate. The indication should, for P
include the intended mode of operation, for example "adjustable rectifier equipment

rter
the
10.

ers

ves

"inverter equipment"

c)

Marking of the input and output terminals of the main circuit
The marking should express sequence of phases (if to be observed) or polarity respectiv

6.6.2 Rating plate

a)

Rating plates of equipment and assemblies

ely.

The following information shall be provided with the product. For products not covered by

their own dedicated standards, the rating plate shall bear the following indications:
1) identification reference, manufacturer's type designation and serial number;

2) number of input phases (including neutral, if connection to it is necessary) or "DC";

3) rated input voltage (called "rated direct voltage" in the case of inverters);
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rated input current (called "rated direct current" in the case of inverters);
rated input frequency, if any;

rated output voltage (called "rated direct voltage" in the case of rectifiers);
rated output current (called "rated direct current" in the case of rectifiers);
9) rated output frequency, if any;

10) range of output voltage (if the output voltage is adjustable);

11) range of output frequency (if the output frequency is adjustable):

)
)
6) number of output phases (including neutral, if connection to it is necessary) or "DC";
)
)

7

71
7.1
Ser

eqy
par

12) character of the load (for example counter e.m.f., inductive, etc.) if so restricteds;
13) type of duty or duty class;

14) type of connection including "uniform” or "non-uniform" respectively (forvassemb
only);

15) maximum permissible prospective symmetrical RMS short-circuit current of the po
source;

16) the reference of this document.

NOTE-On the rating plate of small equipment (300 kW and(less and rated current
exceeding 5 000 A), items 4) and 10) to 13) may be excluded. As stated in the Scope, wh
a dedicated product standard, or product safety standard defines requirements for the ra
plate, this dedicated standard takes precedence.

Additional information where appropriate
Some items may be added if appropriate, especially those listed below:
1) cooling method;

N

cooling requirements (temperature, flow'rate of cooling medium);

w

over-all mass, mass of cooling fluid,\f any;

[SES

)

)

) degree of protection;

) displacement factor under rated conditions;
)

)

output characteristic curye*symbol.

Tests for valve device assemblies and power conversion equipment

General
1 Methods of testing

niconductor converters are frequently integrated in electrical equipment. The electr
ipment includes auxiliaries necessary for operation of the converter itself, or even of
s/Itsmay happen that the semiconductor converter cannot be separated, even for test

In g

lies

wer

not
ere

ing

ical
her
ng.

uch’a case, the assembly is named "power conversion equipment" (PCE).

It is advisable for economical reasons to confine the performance of tests to those which are
considered necessary. This document is therefore arranged so that testing of large equipment
can be limited to tests in the manufacturer's works on the separate assemblies that are to be
shipped separately.

Other tests such as tests on large, complete equipment or tests on site are to be included if

sep

arately specified.

Smaller equipment normally shipped as integral assemblies shall, however, be tested
completely before being shipped in accordance with these provisions.
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.2 Kinds of tests

Two different kinds of tests are necessary.

a) Type tests
Type tests shall be performed to verify that the design of the product is appropriate to meet
the performance requirements specified in this document and/or those specified separately.
NoTE-Some or all of the type tests may be repeated at specified intervals on a specified
number of samples to verify that the quality of the product is maintained.

b) Routine tests
Routine tests shall be performed on each PCE or on its sub-assemblies if they are shipped
separately, before delivery to verify that the requirements of this document are met;

7.1)3 Performance of tests

The tests shall be performed in electrical conditions equivalent to those in real service. If this

is nmot practicable, the assemblies and equipment respectively shall be ,tested under s
conditions as to allow the specified performance to be proved.

In gquipment tests, the assembly and other items of the equipmentmay be tested separate

this

is more convenient. When tested separately, the stack or assembly shall be supplied f

a transformer with a connection equivalent to that specified in'thee contract.

Unl

atrf

ess otherwise agreed at the time of the contract, the(AC supply and test voltages shal

frequeney—{at-thesupplier's—choicebetween—15H2z and—100-Hz} in the frequency ra

intr

Lo

SO

bduced in 7.2.2.3.

shduld provide a report of tests performed on the product.

Luch

y if
om

be

pted frequency except for the insulation test voltagelwhich may be DC or-at-any-convenfent

nge

[E_When the purchaser or their representative desires to witness factory tests, they shquld
specify in the order. If so agreed before order, the contract may specify that the supplier

Reference may be made to type tésts, previously performed, on an identical or similar product

with test conditions at least equal to the requirements of the contract or of this specificatior).
Thg tests, unless otherwise agreed, shall comprise all the following items marked "x" in Tablg 13,
which are applicable to'the assembly or converter.

The

tests marked "(xX)" in Table 13 shall only be performed if specifically agreed in the contr

Table 13 — Summary of tests

act.

Test Type Routine Optional Specification
test test test subclause

Visual inspection X X
Insulation test X X 7.2
Light load and functional test X X 7.3.1
Rated current test X 7.3.2
Over-current capability test (x) 7.3.3
Measurement of the inherent voltage regulation (x) 7.3.4
Measurement of ripple voltage and current (x) 7.3.5
Measurement of harmonic currents (x) 7.3.6
Power loss determination for assemblies and X 7.4.1
equipment
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Temperature rise test X 7.4.2
Power factor measurement (x) 7.4.3
Checking of auxiliary devices X 7.5.1
Checking the properties of the control equipment X 7.5.2
Checking the protective devices X 7.5.3
Immunity test (x) 7.6 a)
Radio frequency radiated and conducted (x) 7.6b)
disturbances

Measurement of audibie nofse 69) 77
Adfitional tests (x) 7.7

7.2
7.2

To
are
by 1

The

NOT
disc

Insulation tests
1 General

demonstrate adequate dielectric strength of the insulation system, Within the product, tg
to be conducted as type test as well as routine testing. The insulation system is investiga
esting safety critical components and solid insulation by means-of three types of tests.

different types of tests cover different physical phenomenqa:
AC or DC voltage test to cover the impact of-leng+term temporary over voltages from
mains supply;

impulse voltage test to cover the impact of impulse transient over voltages generated in
mains supply;

partial discharge testing of solid insulatian to cover the impact of impulse over voltag
temporary over voltages, as well as recurring peaks across the insulation.

E Impulse transient over voltages, temparary over voltages, as well as recurring peaks might cause p4g
harge inside the insulation material whichican lead to its degradation.

Generally, the impulse voltagestest and the partial discharge test are specified separately,

7.2

The
fron
are

The
req
stal
sta

3.2.

selection of type test.and the corresponding test voltages shall be based on the requirem
n [EC 62477-1 of lEC 62477-2, unless the relevant product standards—{see-in-Clause-4
provided.

selection{of routine tests and the corresponding test voltages shall be based on
Lirement Hied-i [ [ Hed-

-as-specified-in72-unless—a-more-severe-requirement-is-specified-in-the-reley
hdgrds (see-in-Clause-C-5) from IEC 62477-1 or IEC 62477-2, unless the relevant prog

hdafds are provided.

bsts
ted

the

the

es,

rtial

see

ent

the

uct

7.2.2 introduces the routine insulation tests. If any inconsistency is found with the IEC 62477
series, then the requirements in IEC 62477-1 or IEC 62477-2 shall take precedence.

For the relationship between the IEC 60146 series and the IEC 62477 series, see Annex B. 1§

7.2.2

7.2.21

Routine insulation tests of power conversion equipment

AC or DC voltage test

If possible, an AC or DC voltage test shall be performed on the final assembly to ensure that
the manufacturing process has not affected the insulation coordination of the product. Test
voltage shall be according to Table 14 or Table 15, as appropriate.


For Subclause 7.2, this document explicitly declares its position to IEC 62477-1 and IEC 62477-2 for keeping good coordination among standards.
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The test voltages in Table 14 or Table 15 cover routine testing of basic, supplementary, double
and reinforced insulation in addition to type testing of basic insulation (see definitions 3.11.12,
3.11.13, 3.11.14 and 3.11.15).

NOTE H-should-bereminded-that-The withstand voltage of double or reinforced insulation is-twice higher than the
withstand voltage of basic insulation. However, in order to prevent damage to the solid insulation by partial discharge,
routine testing uses only one level of test voltage for basic, supplementary, double and reinforced insulation,
assyming that the validity of the different systems has been duly verified by type tests.

a tactin
e—teSth

Tv a
t hg t

dedendi Linculat laae.

o]

Functional insulation is not considered unless specified by the purchaser according to 7.2.3.2.

Terminals, open contacts on switches and semiconductor valve devices, etc. shall be bridged
where necessary in order to create a continuous circuit for the voltage'test on the equipment.
Befpre testing, semiconductors and other vulnerable componentshwithin a circuit may| be
dis¢onnected and/or their terminals bridged to avoid damage occurring to them during the test.

Wherever practicable, individual components forming part.of the insulation under test,|for
exgmple capacitors of high frequency filters, should not bedisconnected or bridged before|the
tes{. In this case, it is recommended to use the DC test«oltage specified in Table 14 or Tablg 15.

Where the equipment is covered totally or parthr. by a non-conductive accessible surfacg, a
conductive foil to which the test voltage is applied shall be wrapped around this surface| for
tes{ing. In this case, the insulation test between a circuit and non-conductive accessible surface
may be performed as a sample test instead of a routine test. If a complete covering of [the
hoysing with a metal foil is not possible;-a*partial covering shall be applied at those spots which
are|considered relevant with regard to-protection.

Prigted circuit boards and modules with multipoint connectors may be withdrawn, disconnegted
or replaced by dummies during’the AC or DC voltage test.

This does not apply, however, to auxiliaries for which, in case of a dielectric breakdown, voltage
may pass on to accessible parts not connected to the housing or from the side of higher voltage
to fhe side of lower voltage. These are, for example, auxiliary transformers, measufing
eqlipment, pulse transformers and instrument transformers, the insulation stress of which is
eqyal to thatofthe main circuit.

Switchgear and control gear in main circuits shall be closed or by-passed. Auxiliaries |not
galyanically connected to the main circuits (for example system control equipment, fan motors)
shatbecormecte W rehousts . Hre-tHre—A ot voltacetest—Duringthese ,“]its
with housings consisting of insulating material shall be covered with metal foil. The foil is
regarded as housing when performing these tests.

7.2.2.2 Performing the voltage test
The test shall be applied as follows:

— test (1) between accessible conductive part (connected to earth) and each circuit
sequentially (except PELV or SELV);

— test (2) between accessible surface (non-conductive or conductive but not connected to
earth) and each circuit sequentially (except PELV or SELV);
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test (3) between each considered circuit sequentially and the other adjacent circ
connected together;

test (4) between PELV or SELV circuit and each adjacent circuit sequentially.

NoTeE4+—Either the adjacent circuit or the PELV or SELV circuit may be earthed for this test.

uits

NOTE 1 It is described above to test basic insulation between PELV and SELV circuits. For test of functi

insu

NOTE 2 PELV/SELV circuits and other circuits of higher voltage are separated from chassis (earth) by\b

insu

voltgge circuits in a fully-assembled equipment without overstressing the basic insulation. For this reason;*the
voltdge for basic insulation is used for double or reinforced insulation as well.

7.2

Thg voltage test shall be performed with a sinusoidal voltage—at50-Hz6r60-Hz of wi
frequency is in the range from 45 Hz to 65 Hz. If the circuit contains capacitors, the test n

be

Thg duration of the test shall be 1 min for type test and at least 1s)for the routine test. The
volfage may be applied with increasing and/or decreasing ramp_voltage but the full voltage s

be

A

lation between adjacent PELV or adjacent SELV circuits, see 7.2.2.1, third paragraph.

onal

ation. It is typically impossible to test double or reinforced insulation separating low-voltage circuits fromh

2.3 Duration of the AC or DC voltage test

performed with a DC voltage of a value equal to the peak value of the specified AC volts

maintained for the specified duration.

asic
igh-
test

ich
nay
ge.

est
hall

1EG-61180-1-shall- be-used forthistest:

For{the detailed requirements of the test procedures and test circuits, refer to IEC 61180:2(

Cla

The test is successfully passed if no eleétrical breakdown occurs during the test.

1 A ascecordin
H—aCGCOoraH

a to 52 2 )
1g—0—o0L

uses 5 and 6. 16

[0}
=n

7.2]12.4 Test voltages 17

AC|or DC test voltages forequipment directly connected to low voltage mains are given in
Tahle 14.

Eord-tyne testina of eircuite with _nrotective _separation—and - bhetween circuites _and-—acecessihle
Soqbmotoctine of oo nlie b secioothen pononallon ool bobucon clonlie ol coconaille
surfaces—{tren-conductive—orcenductive-but-net-connected-to-protective—earth)-these—veltages

NONE 1 The 8baoverule-is-the result of the latest
NOHE——HRedbgvVeFetstheFresthtorthe1atest

]

tandardization-work-andis-inlinewith-the latest nublished-stan
taRagaraZzatoR-workahaisHhHhe-WhHhh HdoHsAea-stah

s
[
+
[0}

£

In Table 14, with U being the rated insulation voltage, for U between 0 V and 1 000 V, the

test voltage equals (U + 1 200) V and the DC test voltage equals

ﬁﬂ x (U +1200) V.
T

AC


The reference for the test procedures is changed to the latest standard.

In Subclause 7.2.2.4, the formulae of test voltage are added for better understandings.
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Table 14 — AC or DC test voltages for equipment directly connected
to low voltage mains
Rated insulation voltage Test voltages
Y v
(see 3.11.9)
AC (RMS) DC

<50 1250 1770

100 1300 1840

150 1350 1910

300 T500 2120

600 1 800 2 550

1 000 2 200 3110

NOTE—Interpolation is permitted.
Forlhigher voltage equipment, above 1 000 V AC and directly connected.to high voltage majns,
AC|or DC test voltages are given in Table 15 (see 7.2.2.1-ard-Nete 1)
Eord tyna tectina _cireuite wit nrotective canaration  and hoatwesan circnite and arcaccelhla
Feor—type—testing—eireuits—with—protective—separation—and—between—cireuits—and—aceess|ble
surfaces—{hon-conductive-orconductivebut-not-connected-toprotective-earth)-these—veoltages
NOTE-3-The-above rule-is-the result-of the latest standardization-work-and-is-inline- with-the-latest published-stanflard
Forjthe test voltages in Table 15, the&planations are given below.
With U being the rated insulationvoltage, for U between 1 000 V and 7 200 V, the AC fest
32
volfage equals (2,7 x U + 30D) V and the DC test voltage equals /2 x (2,7 x U + 300)|V.
T
Forl U between 7 200V and 36 000 V, the AC test voltage equals (1,8 x U + 7 200) V and|the
3v2
DC|test voltages@quals /2 V2 (1,8 x U + 7 200) V.
T
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Table 15 — AC or DC test voltages for equipment
directly connected to high voltage mains

Rated insulation voltage Test voltages
\% \%
(see 3.11.9)
AC (RMS) DC
> 1000 3 000 4 250
3 600 10 000 14 150
7 200 20 000 28 300
72000 28 000 39 600
17 500 38 000 53 700
24 000 50 000 70 700
36 000 70 000 99 000
NOTE—Interpolation is permitted.

Forl equipment not directly connected to the mains, the AC test voltages-may-be are given in
S

T=o O

nowear drive cvctamme)
power—aHve—SsSYysStems)

nroduect standards (examnle
progdct——StaRGaraS—exXxampie

IEQ 62477-1:2022, Table 29. Unless otherwise specified, the test voltage shall be agrged
between purchaser and supplier. The principle should be to define AC test voltage with an RMS
valyie not less than 1,15 times the total voltage used for desighing the blocking capability of|the
semiconductor devices which are the most exposed to, over-voltages within the circuit. Where
DC|voltage is used, the level of the test voltage should not be less than 1,63 times the tptal
volfage used for designing the blocking state of thermost exposed semiconductor valve devices
to qver-voltages within the circuit.

dedicated

ralated\ to
aeqglicatet f o

CTatGHy

NOTE The word "total" means that, in case of semicanductor valve devices mounted in series, the total voltage is
the pum of the voltages used for each semiconductor valve device, excluding the tolerance for voltage shdring
betwWeen the different devices.

Fod-tvpetesting—circuits—wit nrotective _saenaration—and bhetween circuits and sececessible
of—type—teSthg—CHEURS—WiHR—pfrotectve——Separation—aht—roetweeh—CHEURSanRG—accesSsSjoe
surfaces (non-conductive or condtetive but not connected to nrotective_earth) these voltahes
LA AN L= AvAvae ) \IIUII AAVARAVACAVAY B A | AAYANAC A A AR AR VAT R R AV AR VAV AR R R AVA VA LWL Ry g 4 Hlu‘\J\Jle\l oar lll, \LLBAYA"AYENL A ARy e | \v e
shauld be multinlied bv 2 for watkina voltaages unto and-includina 1 000\, . and bv 1 6 for hi ar
SAQUHCG—R e MUPpHEG O Y £ TOWORHR G YO GeS U pt0a R GGG g+ ooo—Vv anG oYy 15010 HgRe
7.2{3  Additional tests

7.2{3.1 Insulation resistance

On¢ minute after the AC or DC voltage test, the insulation resistance is to be measured by
apdlying a direct voltage of a least 500 V. The insulation resistance should be not less than

1 MQ for voltage values of Uy, / V2 not exceeding 1 000 V.

For higher values of U,/ V2 , the insulation resistance should exceed 1000 Q/V. The
measurement of the insulation resistance is not necessary for routine tests.

Grounding resistors, if any, shall be disconnected during the insulation tests.

If water is used as a heat transfer agent, the insulation resistance test may be performed in two
steps, without and with water. In the first case, the insulation level shall meet the specified
value, while in the latter case it has to be specified separately.

7.2.3.2 Agreed tests

Insulation tests other than those-preseribed specified in this document shall be performed only
if agreed upon prior to order.
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For high voltage converters 3,6 kV to 36 kV, when the assembly is connected to the AC line

without a converter transformer, an impulse test may be performed in addition to the AC or
voltage test if specified separately.

7.3  Functional test
7.31 Light load test and functional test
The light load test and functional test are carried out as follows.

a) Light load test

he light load test is carried out to verify that all parts of the electrical circuit and the oo
f the equipment operate properly together with the main circuit.

For the routine test, the converter is connected to rated input voltage. For the typétest,
unction of the equipment is also tested at maximum and minimum values|,of the in
oltage. If series-connected semiconductor devices are used in the armscof-the conver

DC

ing

the
put
ter,

he voltage sharing shall be checked. For a high voltage converter, this part of the light Ipad

est could be conducted at a lower voltage than rated. For low current equipment (/4 <5
he test is not necessary.
b) |Functional test

he test load is chosen in such a manner that the required proof of performance is giv
During the test, it should be verified that the control €quipment, auxiliaries, protec
quipment and main circuit are operating properly together. This could be achieveq
ifferent ways depending on the type of equipment,

7.312 Rated current test

The test is carried out to verify that the equipment will operate satisfactorily at rated current.

Thg DC terminals shall be short-circuiteddirectly or with a reactor, and an alternating volt
of sufficient value, to cause at least -the rated continuous direct current to flow, shall
connected to the AC terminals of the cenverter. During the test, the control equipment, if g
and auxiliaries have to be supplied-separately with rated voltage.

By |proper co-ordination of control, if any, and applied alternating voltage, rated continu
curfent shall be caused to _flow through the DC terminals and operation shall be checked
parpllel connected devices are used in the arms, the current division shall be checked.

When it is more Convenient, the current test may be replaced by a full load test at r3
altdrnating voltage:

7.3(3 Over-current capability test

Theg aVver-current capability test is a load test. Specified values of short time over-curren

A),

en.
ion
| in

hge
be
ny,

pus
. |f

ted

[ or

statting up sequences of actual load are to he applied for the fime interval specified Speci

fied

values of voltage and current are to be recorded. If this is a factory type test, then it shall be
carried out in accordance with 6.4.3 and 6.5. The over-current capability test is performed

according to the second paragraph of rated current test (7.3.2).

7.3.4 Measurement of the inherent voltage regulation

The converter shall be supplied with rated alternating voltage. Transducer control current, delay
angle, etc., shall be set at a specified value and direct voltage and direct current measured

while the direct current is varied.
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7.3.5 Measurement of ripple voltage and current

The measurements of superposed AC voltage, superposed AC current, noise voltage or noise
current on the DC side, if necessary, shall be specified separately.

NOTE DC ripple and AC unbalance of input or output of the equipment-should-be-taken-inte-account are noted in
measurement.

7.3.6 Measurement of harmonic currents

The determination of harmonic currents on the AC side, if necessary, shall be specified
separatety:

Hanmonic emission may be determined by either:

e [direct measurement, or

e |calculation by validated simulation.

Forl converters included in low voltage equipment of rated input current greater than 16 A and
les$ than or equal to 75 A, IEC 61000-3-12 gives the requirements for a simulation to| be
validated.

Whgn a measurement is specified as a special test, the measurement methods and conditipns
shdll comply either with the relevant standard: IEC 61000-3=2{/EC 61000-3-12 according to|the
AC|rated current, or shall be agreed for higher values of rated current. In the latter case, it-gan
may be agreed to perform the measurement on the té€st premises of the manufacturer under
deflned conditions (example short-circuit on the DC _side), or once installed at the customer gite.

Theg measurement of harmonic currents shall-be performed

e |with measuring instruments and methods complying with IEC 61000-4-7,

e |[disregarding individual harmonic_cufrents below 1 % of the reference fundamental current,
and

e [recording the characteristics of the voltage source used to perform the measurenfent
(voltage level and tolerance, frequency and tolerance, R, and impedance, voltage

unbalance in case of multiphase systems, harmonic voltages under no load conditions)

Resgults of the meastrements shall be interpreted taking into account the characteristics of|the
source.

Harimonic veltage measurement depends on the whole installation and on the network itself and
is dutside_the scope of this document.

7.4| “\Kosses, temperature and power factor

7.41 Power loss determination for assemblies and equipment
7411 General

Losses in the assembly and equipment may be determined either by calculations based on
measurements or by direct measurements. Power loss of indirectly cooled converters may be
evaluated by measurement of the heat removed by the heat transfer agent (using the
calorimetric method) and estimation of heat flow through the housing of the converter.

When loss measurement cannot be performed under actual service conditions (rated load), the
following methods-ean may be applied.
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The power losses of the converter shall be measured during a light load test (minimum load
possible) and a short-circuit test. The total losses of the converter are the sum of the light load
losses and short-circuit losses from the tests.

The method is valid under the following assumptions and conditions.
a) The losses in the semiconductor valve devices in service, due to switching losses, off-state
and reverse current, are normally negligible.

b) The forward voltage drop in the semiconductor valve devices-eanr may be represented by a
constant component plus a resistive component directly proportional to the current.

c) [The losses in service due to forward current are taken to be equal to those that would\ekxist
at the same value of direct current and with rectangular current waveform in the convefter
arms in the case of polyphase connections.

d) [Saturable or non-saturable reactors built into the assembly and carrying valve/side phpse
current or converter circuit currents may be included in the measuring cirguits. The biag of
saturable reactors should be adjusted to the value that will be required in°'nérmal operation
to supply rated direct voltage at rated direct current and rated voltage.on the line side.

e) [For those load conditions for which efficiency is specified, the efficieficy may be determiped
by measuring input and output power or by segregated loss tests.

f) |For those load conditions for which a conversion factor is specified, this may be determiphed
by measuring AC power and DC output.

g) [Increase of power losses due to existing line distortion”or due to load increase is |not
considered here.

7.4{1.2 Methods of measurement

Thg methods of measurement prescribed here . are based on the foregoing assumptions. The
tes{ or tests may be performed in the normal,ambient temperature prevailing in the supplipr's
premises. Forward loss measurements shall"\be made when all parts of the converter assembly
have reached stable temperature carrying the rated direct current.

-k S e - e 4 E e
A dnd B inculation) bhv increasina the valiie of B hy 0 001 2 n 11 for eae K hyv which ltha
A—agh Db HhStatoh)—o Yy HereadS g e Va6 o0+ 0y o, 9o+~ pP-t—10+H—EaChH 1oy WrHCAtHE
transformertemnerature durino the measurementis below the reference value orthis nurnbhse
R Srormer—temperatdre-Gyringme-measSurement1iS o e oW e rerereRce- Vahde-+ o trHS PHHPPSEe;
theltrancsfarmer temneraturé chall he taken ac the avaraae oil temnerature in oil-immerked
tRetanRsrormertempeatdre—SsSnarn—oe1aKke—astheaverage—-ohtemperatdre+H—oh-Hnefrpea
trancformers or the. Mmean windina temperature in  air-cooled trancformers (cee  4lecp
SO e rS—o—nessiheaht—wWiR G g—emperatre—h—a-Coo e G—HaRSOMMerS—SEeE SO

WhEn the conyerter transformer is included in the power loss measurement, the measurement
shdll be in gegordance with the converter transformer standard.IEC 61378:2011. 18

NOTE ,Inis'possible the transformer losses need to be corrected considering its temperature characteristics.

7.4 73— TestTirTuits

Guidance on connections which may be used for test purposes is given in IEC TR 60146-1-2.

In all cases, the losses that will occur in service in voltage dividing resistors, damping circuits
and surge arrestors, if any, are to be calculated and added.

7.4.2 Temperature rise test

The temperature rise of the converter shall be determined under test conditions given for the
current test under the cooling conditions, which are least favourable. If the test is conducted at
a lower temperature than the maximum specified, corrections have to be made. The
temperature rise test is not limited to the main circuit.



For transformer losses, this document changes the description simply to refer IEC 61378-1:2011 considering good coordination between the standards.
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Whenever possible, the temperature rise test should be conducted at rated load conditions.

In other cases, the test shall be conducted according to 7.3.2 and by adding temperature rise
due to switching losses.

The temperature rise shall be measured at a specified point and the result shall be used to
verify the design of the cooling system.

If the converter is rated for other than continuous load duty, the transient thermal impedance
shall be measured for the main circuit components and for the cooling system. The test shall
be |performed for several of the components including those operating at the highest
temperature.

Thg temperature rise at a specified point on the semiconductor valve devices shall,be recorged.
Theg rise of virtual junction temperature shall be calculated and based on the“temperafure
megsurements in order to show that the assembly is capable of carrying the specified load dquty
without exceeding maximum virtual junction temperature for the devices taking into account|the
actyial current sharing between parallel valve devices.

7.413 Power factor measurements

As Ja rule, power factor measurements need not be carried ‘out. However, if a power fagtor
measurement is required, it shall be determined as the displaegement factor cos¢g, (see 3.7]14)
in gccordance with 6.2.3.

7.5| Awuxiliaries Auxiliary device and control eguipment
7.51 Checking of auxiliary devices

The function of auxiliary devices such as contactors, pumps, sequencing equipment, fans, gtc.,
shdll be checked. If convenient, this-eanwnay be done in conjunction with the light load test.

7.5(2 Checking the properties-of the control equipment

It ig not feasible to verify the properties of the control equipment under all those load conditipns
which may prevail in real operation. However, it is recommended that trigger equipment shquld
be checked under real load conditions as far as possible. When this cannot be done on |the
manufacturer's premises; it may be performed after installation by agreement with the user

WhEn practicable, ‘the checking of control equipment may be restricted to a check under fwo
loadl conditions*as specified by 7.3.1 a) and 7.3.2 respectively.

In ¢ithercase, the static and dynamic properties of the control equipment shall be checKed.
Thig shall include checking that the equipment operates satisfactorily for all values of supply
volfages within the range of variation for which it is designed.

7.5.3 Checking the protective devices

Checking of the protective devices shall be carried out as far as possible without stressing the
components of the equipment above their rated values.

Due to the wide variety of protective devices and their combinations, it is not possible to state
any general rules for the checking of these devices. However, if a system control equipment is
designed to protect the converter from current overloads, its ability in this respect shall be
checked.

If type tests to check the effectiveness of fuse protection are considered to be necessary, they
shall be specified separately with conditions for tests.
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Routine tests shall be performed to check the operation of protective devices. It is, however,
not intended that the operation of devices such as fuses, etc., where the operation is based on
destruction of the operating component, shall be checked.

7.6

EMC tests

There are two aspects concerning EMC tests as follows.

a)

7.7

Immunity test

Checking of the immunity level of the converter shall be treated as an optional type test if

U aglccu' iII t;IU L'Ullllldbll. TiIU tcbi Dild“, as fdl as pUDbibiU, IUU ;ll dbbulddllbc VVitiI
specified electrical service conditions.

the

NOTE 1 National regulations relating to the prevention of radio interference are likelysto restrict the abili
perform certain immunity tests outside an EMC shielded room.

power port.
Radio frequency radiated and conducted disturbances

The requirements for radio frequency radiated and conducted disturbances may be
subject of a separate specification and should then-be specified for actual loads.
separate specification may be constituted by natiogal regulations.

NOTE 3 The disturbances from a complete equipmentimay can differ from the disturbances produce
functional units. For example, the radio-frequency disturbances produced by a variable speed drive sy
including converter and motor are very different to thesdisturbances produced by a converter on its own.

Measurement of audible noise-and additional tests

Tedt procedures and limits shall beyspecified separately for the measurement of audible no

NOTE Audible noise of a complete.RCE-may can differ considerably from the values of individual functional u

Roo

M conditions — resonance and neflection — will cause differences from calculated or measured values.

Specification and procedures for any additional tests, if necessary, for example vibration, shqg
environmental, drift,(shall be specified separately.

Tolerances

araniées are given, they shall always refer to rated values and rated conditions. It is

y to

NOTE 2 Effective immunity tests usually include tests on auxiliary and contiglVports as well as on the fain

the
fhe

I by
tem

se.

hits.

ck,

not
oW,
vith

If guarantees are given with tolerances, the values stated in Table 16 shall apply. If the
guaranteed values are given without tolerances, they are maximum or minimum values, as the
case may be.
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Table 16 — Tolerances

Subclause Item Tolerance
7.4.1 Assembly losses +0,1 p.u. of the guaranteed value
7.4.1.2 Losses of transformer and reactor +0,1 p.u. of the total guaranteed value
7.4.1.2 Efficiency of the PCE Efficiency tolerancecorresponding-to+0.2 p-u—of the

limited-to—0;002 p-u—%
X i x—0.21¢

below 2@
1) value corresponding to +0,2 p.u. of the loss&s

2) -0,002 p.u. (-0,2 %)

x is the guaranteed value. 19

Namely, efficiency shall be at least [~ 0s2] %, whef

. . g

Efficiency tolerance shall be the stricter of the values

7.4.3 Calculated displacement factor -0,2 x (1 - cosg,)
7.3.4 Inductive direct voltage drop U,,, due +0,1 p.u. of guaranteed valde
to the transformer
7.3.4 Inherent voltage regulation +0,15 p.u. of guaranteed regulation
Measured direct voltages £ (1+0,02 Uyy)
above 10V °
Measured direct voltages below 0,1 Uy

orequalto 10V P

With the readings of loss measurements:
P for the output power and P, for the losses, the first\criterion provides a condition to the tolerance of
losses AP, .

AP < 0,2PL

The efficiency 7 is given by

n=P/(P+P))

The tolerance for the efficiency Ay;-corresponding to the tolerance AP, is approximately given by
An=[(P_+AP )/ (P+P_+AP ) -[(P)/(P+P)l~[AP /P]
Ihe#eie#e%he%eeeﬂd—eﬂteﬂe#kie#th&te#e#aﬂe&e{#ﬁ;@#espeﬂds%

AP, <0,002P

Therefore, te-second criterion for the efficiency tolerance provides the other condition to AP, .
AP &AW x P] < 0,002P

Ihgummary, for efficiency calculation, tolerance of the losses APL complies with the stricter of the follow,

AP < 0,2PL
AP, <0,002P

For information, the first criterion implies the efficiency tolerance as approximately 0,2P / P.

he

For equipment provided with automatic control of an output quantity, the tolerance on the controlled quantity

shall be specified.



For the efficiency tolerance requirement, descriptions are simplified by explicitly showing two criteria. Notation "a" is provided with supplemental explanations for better understandings.
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Annex A is made compact. Descriptions are largely changed clearly to provide reasons for supporting the preference of the harmonics definition in this document.
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A1

Non-sinusoidal voltages and currents

The line-side current of a line commutated converter is usually similar to a train of trapezoids

as
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The
The
sta
fred

For
fred
con

The

In n

uency of the line voltage for commutation. The line voltage for commutation can be dis%
h as is shown in Figure 4 unless appropriate countermeasures are taken. The r i

uency of the distorted voltage waveshape is also equal to the frequency of the Iiﬁ'g olt

commutation. ™
N4

s, the current waveshape and the voltage waveshape include the harmonic compone
frequency of which are integer multiples of the frequency of the line von\ag for commuta
ndicated by Formula (19). b/

N

vever, when the harmonics are measured in real installations(harmonic components
-integer multiple of the fundamental frequency can bserved. They are ca
rharmonics. For harmonic measurement, refer to IEC 61@4—7.
;\\
N &) :
Two approaches for definitions reIated&harmomcs
re have been two different approaches to est@%h a set of definitions related to harmon
first approach considered the frequency primary source of the set of definitions

ted with the definition of an arbitrary @eference, giving it the name of "fundame
uency" (IEC 61000-2-2:2002, 3.2.1, and I[EC 61000-2-4:2002, 3.2.1).

the purposes of this documenf&%e fundamental frequency is the same as the po

uency supplying the convertg{'o)r supplied by the converter according to the case whic
sidered. N~

Q)

N

definition above is pl;agt)cally reasonable as described below.

X

hany cases, the @ commutated converters are connected to the mains power supply.

commutation vo t@ is fed by the mains. The frequency of the commutation voltage is
er frequen f the mains. In cases where the line commutated converters provide
er to thefdads or to the machines, the frequency of the commutation voltage is determi
he co ter. In these cases, the frequency of the commutation voltage is also the po

pov
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The second approach defines the harmonic components as the result of the Fourier analysis;
frequencies are therefore a consequence (IEC 60050-551:1998, 551-20-01 and 551-20-02).
However, this approach is not superior to the first approach from practical viewpoint.
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B.1

Annex B
(informative)

Electrical environment — Short-circuit ratio

Electrical environment specification

The generic aspect of network conditions is developed in the publications of IEC TC 77 and its
subcommittees. All EMC considerations are developed in dedicated standards as mentione

d in

4.2
bot
con

Infd
loa
pov
dur

3.2. These EMC standards for application of semiconductor converters set requirements
h immunity and emission in the low frequency range and high frequency range and.cons
ducted phenomena as well as radiated phenomena.

rmation on the prospective conditions of coexistence between supply systems, disturh
s and sensitive apparatus (mostly low current control equipment, other, power convert
er capacitors and sensitive lines such as used for communications and eontrol) is esser
ng the early stages of the design of an installation.

for
der

ing
brs,
tial

Nofably, harmonic emission should be considered relative to the ratio of short-circuit powefr to

apq

Gui

NOT
Ins

Req
is kn

arent power, presence of capacitors or other converters.
dance on calculation methods will be found in IEC TR 60146-1-2.

E Such information-may-net-be-readily is not possibly available-and-the-approach-could-be-made-asfolld

ch case, the approach below is taken for example.

Liest system information from the appropriate local and\national authorities, when the final location of the
own. This includes the power, line and radio communication authorities and those responsible for the limita

of disturbance.

Whg
use

Low
pre

Fol

re agreement is necessary with the purchasérto finalize the requirements, the above information-should-4
as a basis for discussion and when agregdy used for calculation purposes.

frequency conducted emissions are defined relative to the applicable set of standg
bared by IEC subcommittee Z7A.

r standards or Technical’'Reports deal with harmonic emission:

IEC 61000-3-2: low*voltage equipment with input current < 16 A per phase;

IEC TS 61000-3-4: Technical Report for low-voltage power supply systems and equipn]
with rated current greater than 75 A;

IEC 61000-3-12: equipment connected to public low-voltage systems with input cur
between 16 A and 75 A per phase (restricted conditions of use);

IEC TR 61000-3-6: distorting loads in MV and HV power systems.

lant
tion

be is

rds

ent

ent

NOTE 1 IEC 61000-3-2, IEC TS 61000-3-4 and IEC 61000-3-12 apply only to equipment intended to be conne
to public low voltage AC distribution systems. This is stated in the scopes of these standards.

cted

Four standards or Technical Reports deal with voltage changes, voltage fluctuations and flicker:

IEC 61000-3-3: low-voltage equipment with input current < 16 A per phase;
IEC TS 61000-3-5: low-voltage equipment with input current greater than 75 A;

IEC 61000-3-11: low-voltage equipment with input current-between—16-A—and < 7
(restricted conditions of use);

IEC TR 61000-3-7: fluctuating loads in MV and HV power systems.

5A
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NOTE 2 |IEC 61000-3-3, IEC TS 61000-3-5 and IEC 61000-3-11 apply only to equipment intended to be connected
to public low voltage AC distribution systems. This is stated in the scopes of these standards.

Guidance for different applications is also provided in the dedicated EMC product standards
(see 4.2.3.2).

When neither the final location nor the user is known, for standard converters, the supplier
should select the "immunity class" from experience and this should be stated in the specification
for the equipment.

The_general electrical service condition tolerances are discussed in 5.4

B.2 Point of coupling of the converter

B.2.1 Systems and installations

A donverter is generally a component of a larger system. To avoid any“confusion in this
dodument, the word "installation" is used exclusively to designate the ,complete installation
which is connected to a PCC (point of common coupling) on a public power supply network|

Within the installation, a converter is connected at a given point of coupling. The harmgnic
opgrating characteristics of the converter depend on the netwark characteristics at the point of
coupling.

Forla given installation, the agreed power Sq1 defines.the equivalent reference current Iy (tptal
RMES value):

Sst = Upp* Ity * \3 (B.1)

where

Un| is the nominal (or declared) line-to-line voltage at the PCC;

Ity| is the reference current.-Note-that

NOTE 1 I

T~ IS close to thettripping current value of the main circuit-breaker of the installation.

S| represents the-power which can be delivered at any time, by the public supply network, to

the| installation.~ 1t can be assumed that, for each agreed internal power, there existp a
reaponable(short-circuit power (fault level) Sg¢ defined at the PCC. This is the responsibility of

the|powerdistribution authority.

NOTE2—The "ngrnnd pn\nn:r" results from an acrnnmnnf between the user (n\unar of the inefallafinn) and-the f|||ty

authority.

Where the agreed power is used to define the reference current to which harmonic currents are
compared in order to express them in p.u., the reference current Iy, is by convention equal to

ITN.

The agreed internal power Sj1a, for an installation at a defined4HPG—e~ IPC, (in-plant point of
coupling) defines the equivalent reference current I1y (total RMS value) for the part A of the

installation fed from-e IPC4:

Sita = Un * Itna * 3 (B.2)
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where

UN

NOTE 3 [

is the rated line-to-line voltage at the tRC~&" IPC,.-Note-that

Tna i the rated current of the feeding section of part A of the installation.

ITnp is close to the rating of the circuit- breaker protecting this part A. It can be assumed that,

for each agreed internal power, there exists a reasonable short-circuit power (fault level)
Sgc. Sscp defined at the PG " IPC,. This is the responsibility of those in charge of internal

pow

B.2

Rsg)
ap(

NOT
poin

NOT
ratig
poin

NO|

er distribution.

.2 Short-circuit-current ratio of the source in the installation

is the ratio of the short-circuit power of the source at a defined point of coupling to the ra

Roia—=SscaSita—tscatHina

Rgia = Ssca ! Sita = Isca ! Iv6A (§

subscript "A" indicates the considered part of the installation-and-the-subseript"e"indieg
PC ich thi ; .

E 1 3.9.9-and-definition-3-69-0fHEC-62103 defines/the relative short-circuit power (Rg) as "ratio of the s
it power of the source to the rated apparent power on the line side of the converter(s)". Ry refers to a g
i of the network, for specmed operatlng condltlons and speC|f|ed network conflguratlon "—T—h—l—S—l—S—t—he—S

lE-2-This definition can be applied\to the totality of the installation. In this case, the point of coupling (PC) is
t of common coupling (PCC),.and-1;, , corresponds to the agreed power.

of the source in the installation Ry, is expressed as the ratio of the short-circuit current at the-internal in-|
t of coupling (HRC& 1PC ) of the part of the installation to its rated current.

exp
tot

congtraints of equipment.

NOTE 2" In Figure B.1, the installation shows a part A with a short-circuit current ratio of the source R.,,. P4

[E-4-By extension, this definition can also be applied to a part of an equipment of rated current Ip;. R

ssed as the'ratio of the short-circuit current available at the internal considered point (delivered by the sod
rated.current of part of the equipment supplied. This extension is strictly dedicated for consideration of intg

ted

arent power of the installation, or of a part of the installation, supplied frem this point of
coupling (see Figure B.1):

3.3)

ort-
iven
e

pHag

the

[E-3—This definition can also-be applied to a part of an installation of rated current /4. The short-circuit cufrent

lant

'S
rce)
rnal

rt A

contains a part B, part B has a short-circuit current ratio of the source Rq,5, and part A also contains a part C, etc.

Part B contains in turn a part B1, a part B2, etc. This partition allows an analysis and the assessment of the different
short-circuit current ratios of the source at the different possible points of coupling.
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B.2

Rsq
of t

.3

is thewratio of the short-circuit power of the source at the PCC to the rated apparent po
heequipment (see IEC TS 61000-3-4 or IEC 61000-3-12):

4
IPCa @ T T T
5 5 5 ™
| |
iPCp @ 27 ® ;
FR IPCy etc.
AL I ﬂ|
Rsic
T I IPC38
Part C ‘] 7
etc.
Part B1
Equipment e
Part B Part B2
Impedance of PCC
the connection J
1
5 & g
! |
IPC; @ d > ®
8 l l * l lIPcC etc.
e ) e L
SIC
\l, PartC _ 4 0] 1#5g,
tc.
Part B1

Equipment e

Figure B.1 — PCC, IPC, installation current ratio and Rg,

Short=circuit ratio

IEC
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wer

NOTE 1

Rgc = Ssc/ Sne = Isc ! INe

(B.4)

With the example of Figure B.2, Ry, can be expressed as a function of the relevant Rg. The piece of

equipment (e) is fed from a bus bar ({RC4 IPC), with a point of common coupling (PCC) at which the short-circuit
current is Ig, and draws a rated current 7 .. Applying the above definitions gives:

Rsie—=SscsHSize—=FscsHHine——{scsHsc) ¥ st Hne)——ASscs+Ssc)*(Rsce)
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Rsie = Ssco!/Site = Iscp!/fine = Uscp!1sc) * Usc/Iine) = (Ssep ! Ssc) * (Rgge) (B.5)
or
Rgge—=+Ssc+Sscs)*Rsie
Rsce = (Ssc!Sscp) * Rgje (B.6)

Thig definition is suitable, in the application of IEC TS 61000-3-4 or IEC 61000-3-12,| for
deflning the condition of connection of a piece of equipment to the low voltage publi¢c supply
network.
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Impedance of i PCC
the connection

IPCo @ i 1 i
pep &L —v—"—v—?,
él él Q* o \

—_

etc.
1
Part B1
Part B2 _{_71_""35

Equipment'e
Rsg

IEC 1150/09

Impedance of i pcc
the connection R,
IPC, @ T ! T
i

IPC
B | | IPC¢

e

Equipment e
Rsc

IEC

= ; ; nd Rgc

NOTE 2 IEC TR 61000-2-6:1995, Clause A.2, gives another definition of Ry, for rectifiers referring to the DC
current.
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Annex C
(informative)

Introduction to safety standards for power conversion equipment 21

General

Annex C briefly introduces the safety standards of the IEC 62477 series for power electronics

con

verter _systems (PECS) and equipment. Annex C also_clarifies that this edition

IEG

NOT

C.2

IEG

60146-1-1 was revised considering good coordination with the IEC 62477 series. A

E PECS is defined in IEC 62477-1. Annex C interprets PCE as equivalent to power conversion e@ment

Brief introduction to IEC 62477 series with reference to IEC 5@(6 series

.

62477-1 and IEC 62477-2 cover the safety requirements for the power convers

of

ion

eqyipment while the IEC 60146-1-1 and IEC TR 60146-1-2 mainly cov&j’he basic performapce
reqpirement. The IEC 62477 series is in the same position as the IEC60146 series, which fan
be ppplied to the converters not covered by product standards. @
C.3 Purposes or intentions of IEC 60146 series { IEC 62477 series
Thdg purposes or intentions of the standards a@) |sted in Table C.1. Some additignal
explanations are added in parentheses in Table r making the differences clear betwgen
twol| series. 0
From Table C.1, it is pointed out that th 60146 series focus on basic requirements to
opgrations and performances of the po&a conversion equipment while the IEC 62477 sefies
foclis on the safety requirements.
4\
Table C.1 - Comparison@ purposes or intentions between two standards
"o
IEC 6014640 IEC 62477-1
NS
Tolestablish basic terms and definitions (for To establish common terminology for safety aspects
opgrations and performaréof the line-commutated relating to PECS
t
copverters) O To establish minimum requirements for the
Tol|specify basic per ance requirements coordination of safety aspects of interrelated parts
\* ) , within PECS
Tol|specify tes@_f rements (for basic operations and
pefformanc he line commutated converters To establish common basis for minimum safety
requirements for the PEC portion of products that
To spec@rwce conditions which influences the contain PEC
bagis
To specify requirements to reduce safety risks durinp
use and nnarnhnn and dllrlnn service and
malntenance where specmcally stated

The requirements related to safety were deleted from this revision of IEC 60146-1-1. This
edition of IEC 60146-1-1 refers to the IEC 62477 series for relevant guidance on safety.

Careful consideration has been made for test requirements during revision of IEC 60146-1-1.
The test requirements related to safety have been deleted and now IEC 60146-1-1 only includes
the test requirement for basic operations and performances of the power electronics converter.

IEC 60146-1-1 also considers that the power electronics products covered by this edition
comply with fundamental IEC standards like IEC 60364-1 or IEC 60529.


Annex C is completely replaced with descriptions on relationship between this document and the safety standard IEC 62477 series.
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List of comments

The note reminds the first purpose listed in Introduction. The note clarifies that this document
has a mission to develop common understanding on power electronics technology by listing
key terms and definitions.

For the safety standards, IEC 62477 series are referred instead of IEC 62103.
Terms and definitions related to safety insulation are in coordination with IEC 62477-1:2022.
For better understandings, Figures 2 a) and 2 b) are provided with supplemental explanatipn.
For clear identification, the formulae are provided with numbers.

For better understandings, Figure 4 is provided with supplemental explanations especially for
item e).

Contents of Table 10 are replaced with those in Table 1 of IEC TR 60146-1-2:2019, which was
revised considering the coordination with the converter transformier standard, IEC 61378-
1:2011.

The formula for nominal inductive voltage regulation is replaced with Formula (10). The formula
in the previous edition was derived based on the r.m.s."value of the rectangular curfent
waveform while the latest converter transformer standard, IEC 61378-1:2011, is based on|the
fundamental frequency component.

In addition, the previous formula is not popularand could not be found in general textbookf of
the power electronics. Then, this edition takes)Formula (10).

For details, see IEC 60146-1-2:2019, Subeclause 4.7.2.4 and Annex C.

The transformer loss and the transformer guaranteed short-circuit impedance are changef in
Table 10 to keep good coordination with IEC 61378-1:2011.

Contents of Table 10 are replaced with those in Table 1 of IEC TR 60146-1-2:2019, which was
revised considering _the’ coordination with the converter transformer standard,
IEC 61378-1:2011.

The formula forthe' inductive direct voltage regulation is replaced with Formula (17). The
formula in the~previous edition used the short circuit ratio and seemed to be difficulf to
understand. aormula (17) is based on the reactance which is consistent with Formula (10)

For details, see IEC 60146-1-2:2019, Subclause 5.1.3.

This document explicitly declares its position to the product standards.

Thie adition clearbh declaras-ite scane-forthe - dutvclass It alea clarifias tha nrocaedure for the
—HS-8eHHeR-G1ea Y& HS-560p 6+ —He-aHty-6raSS— S-S HRe-PH etH-0—+0+

orert

case where an appropriate duty class cannot be found in this document.

For Subclause 7.2, this document explicitly declares its position to IEC 62477-1 and
IEC 62477-2 for keeping good coordination among standards.

The reference for the test procedures is changed to the latest standard.
In Subclause 7.2.2.4, the formulae of test voltage are added for better understandings.

For transformer losses, this document changes the description simply to refer IEC 61378-1:
2011 considering good coordination between the standards.

For the efficiency tolerance requirement, descriptions are simplified by explicitly showing two
criteria. Notation "a" is provided with supplemental explanations for better understandings.
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20 Annex A is made compact. Descriptions are largely changed clearly to provide reasons for
supporting the preference of the harmonics definition in this document.

21 Annex C is completely replaced with descriptions on relationship between this document and
the safety standard IEC 62477 series.
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1

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR CONVERTERS - GENERAL REQUIREMENTS
AND LINE COMMUTATED CONVERTERS -

Part 1-1: Specification of basic requirements

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization~comprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to pronote internati
¢o-operation on all questions concerning standardization in the electrical and electronic fieldsy To this end
ih addition to other activities, IEC publishes International Standards, Technical Specifications,) I'echnical Rep

pnal
and
brts,

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC "Rublication(s)”). Their

reparation is entrusted to technical committees; any IEC National Committee interestédin the subject dealt
ay participate in this preparatory work. International, governmental and non-goverpmental organizations liai
ith the IEC also participate in this preparation. IEC collaborates closely with thé\International Organizatio

with
sing
h for

$tandardization (ISO) in accordance with conditions determined by agreement between the two organizatiors.

he formal decisions or agreements of IEC on technical matters express, asmearly as possible, an internati

pnal

¢onsensus of opinion on the relevant subjects since each technical committee has representation from all

interested IEC National Committees.

I[EC Publications have the form of recommendations for international use and are accepted by IEC Nati

Committees in that sense. While all reasonable efforts are made_to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for
isinterpretation by any end user.

pnal
IEC
any

IIh order to promote international uniformity, IEC National Committees undertake to apply IEC Publicafions
fransparently to the maximum extent possible in their national and regional publications. Any divergence between
gny |IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the Idtter.

I[EC itself does not provide any attestation of cénformity. Independent certification bodies provide conformity

gssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for
gervices carried out by independent certification bodies.

\Il users should ensure that they have the,latest edition of this publication.

o liability shall attach to IEC or its*directors, employees, servants or agents including individual experts

any

and

embers of its technical committées. and IEC National Committees for any personal injury, property damage or

¢ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
¢xpenses arising out of thé publication, use of, or reliance upon, this IEC Publication or any other

and
IEC

\ttention is drawn to_the\Normative references cited in this publication. Use of the referenced publications is

indispensable for thelcarrect application of this publication.

I[EC draws attention”to the possibility that the implementation of this document may involve the use o
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent righ
espect theréof~As of the date of publication of this document, IEC had not received notice of (a) patent(s),

ay be required to implement this document. However, implementers are cautioned that this may not repre
fhe latest-information, which may be obtained from the patent database available at https://patents.iec.ch.
ghall hot be held responsible for identifying any or all such patent rights.

(a)
s in
hich
sent
IEC

This fifth edition cancels and replaces the fourth edition published in 2009. This fifth edition
constitutes a technical revision.

This fifth edition introduces four main changes:

a) re-edition of the whole standard according to the current directives;

b) deletion of safety-related descriptions considering coordination with IEC 62477 series;

c) changes of calculation methods of inductive voltage regulation;

d) changes considering coordination with IEC 61378 series.
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The text of this International Standard is based on the following documents:

Draft Report on voting

22/374/FDIS 22/378/RVD

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accprdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availgble
at fvww.iec.ch/members_experts/refdocs. The main document types developed \by IEC Jare
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INTRODUCTION

The main purposes of the IEC 60146-1 series are as follows.

IEC 60146-1-1, Specification of basic requirements:

to establish basic terms and definitions;

to specify service conditions which influence the basis of rating;

to specify test requirements for electronic power converters and assemblies, standard

IEQ

[design (for special design, see [EC TR 60146-1-2);
to specify basic performance requirements;

to give application oriented requirements for semiconductor power converters.
TR 60146-1-2, Application guidelines:

to give additional information on test conditions and components (for exam
semiconductor valve devices), when required for their use inj.semiconductor po
converters, in addition to or as a modification on existing standards;

to provide useful reference, calculation factors, formulae andcdiagrams pertaining to po
converter practice.

ble:
wer

wer
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SEMICONDUCTOR CONVERTERS - GENERAL REQUIREMENTS
AND LINE COMMUTATED CONVERTERS -

Part 1-1: Specification of basic requirements

Scope

Thi
pov
ele

The
(i.e
tran

5 part of IEC 60146 specifies the requirements for the performance of all semicondu
er converters and semiconductor power switches using controllable and/or non-coniroll3
Ctronic valve devices.

electronic valve devices mainly comprise semiconductor devices, either lnot controlle
rectifier diodes) or controllable (i.e. thyristors, triacs, turn-off thyristors and po
sistors). The controllable devices can be reverse blocking or reverse conducting

controlled by means of current, voltage or light. Non-bistable devices are assumed to

ope

Thi
and
DC
pov

The
eith

rated in the switched mode.

5 document is primarily intended to specify the basic requirements for converters in gen

the requirements applicable to line commutated converiérs for conversion of AC powe
power or vice versa. Parts of this document are also applicable to other types of electrd
er converter provided that they do not have their awn product standards.

se specific equipment requirements are applicable to semiconductor power converters
er implement power conversion or use cemmutation (for example semiconductor §

commutated converters) or involve particular applications (for example semicondu

con
dirg

Thi
sta
ded

NOT
intrg

NOT

NOT
estal

2

verters for DC motor drives) or include‘a combination of said characteristics (for exan
ct DC converters for electric rolling stock).

5 document is applicable to_all power converters not covered by a dedicated prog
ndard, or if special features are not covered by the dedicated product standard. Gener
icated product standards:for'power converters refer to this document.

E 1 This document isynot intended to define EMC requirements. It covers all phenomena and therg
duces references to dedicated standards which are applicable according to their scope.

E 2 For the information on converter transformers, related to this document, see IEC 61378-1.

E 3 All thesterms listed in Clause 3 are not necessarily used in this document, however they are necessa
blish a common understanding in the application of semiconductor converters.

Normative references

ctor
ble

ble
wer
And

be

bral
r to
nic

hat
elf-
ctor

ple

uct
ally

fore

y to

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-551:1998, International Electrotechnical Vocabulary (IEV) — Part 551: Power
electronics, available at www.electropedia.org

IEC 60050-551-20:2001, International Electrotechnical Vocabulary (IEV) — Part 551-20: Power
electronics — Harmonic analysis, available at www.electropedia.org

IEC 60664-1:2020, Insulation coordination for equipment within low-voltage supply systems —
Part 1: Principles, requirements and tests
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IEC 61000-2-4:2002, Electromagnetic compatibility (EMC) — Part 2-4: Environment -
Compatibility levels in industrial plants for low-frequency conducted disturbances

IEC 61000-3-2:2018, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for
harmonic current emissions (equipment input current <16 A per phase)

IEC 61000-3-12:2011, Electromagnetic compatibility (EMC) — Part 3-12: Limits — Limits for
harmonic currents produced by equipment connected to public low-voltage systems with input
current <16 A and < 75 A per phase

measurement techniques — General guide on harmonics and interharmonics measuremehnts and

IE?61000-4-7:2002, Electromagnetic compatibility (EMC) - Part 4-7: Testing\ and
rumentation, for power supply systems and equipment connected thereto

ins

IEQ 61000-6-1:2016, Electromagnetic compatibility (EMC) — Part 6-1: Geneficstandards —
Immunity standard for residential, commercial and light-industrial environments

IEQ 61000-6-2:2016, Electromagnetic compatibility (EMC) — Part 6-2:7Generic standards —
Immunity standard for industrial environments

IEQ 61000-6-4:2018, Electromagnetic compatibility (EMC) —Part 6-4: Generic standards —
Emjssion standard for industrial environments

IEQ 61378-1:2011, Converter transformers — Part 1: Transformers for industrial application

12]

IEQ 62477-1:2022, Safety requirements for power glectronic converter systems and equipment
— Pprt 1: General

IEQ 62477-2:2018, Safety requirements fot\power electronic converter systems and equipment
— Hart 2: Power electronic converters from 1 000 V AC or 1 500 V DC up to 36 kV AQ or
54 kv DC

3 |Terms and definitions

For| the purposes of this "document, the terms and definitions given in IEC 60050-551,
IEC 60050-551-20, IEC60664-1 and the following apply.

ISQ and IEC maintain terminology databases for use in standardization at the follow
addresses:

ng

o [ISO Qnline browsing platform: available at https://www.iso.org/obp

o [IEC Electropedia: available at https://www.electropedia.org

NOTE The policy adopted is as follows:

— when an existing IEC 60050 definition needs amplification or additional information, the title, the reference and
the additional text are given;

— explanations and figures are given in 4.2;

— terms used in connection with converter faults are defined in IEC TR 60146-1-2.
31 Semiconductor devices and combinations

3.1.1

semiconductor device

device, the essential electric characteristics of which are due to the flow of charge carriers
within one or more semiconductor materials

[SOURCE: IEC 60050-151:2001, 151-13-63]
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3.1.2

electronic power switch

electronic switch

operative unit for electronic power switching comprising at least one controllable valve device

[SOURCE: IEC 60050-551:1998, 551-13-01]

3.1.3
semiconductor switch
electronic power switch with semiconductor valve devices

Notg 1 to entry: Similar terms are used for electronic switches or power controllers with specific electrohic*vjalve
devites, for example thyristor controller, transistor switch.

[SQURCE: IEC 60050-551:1998, 551-13-05]

3.1)4

non-controllable valve device

rectifier diode

reverse blocking valve device the current path of which conducts jin’its conducting direc
without any control signal being applied

on

[SQURCE: IEC 60050-551:1998, 551-14-04]

3.1{5

thyristor
bi-gtable semiconductor device comprising three orimore junctions which can be switched ffom
the|off-state to the on-state or vice versa

Notg 1 to entry: Devices having only three layers bdt\having switching characteristics similar to those of four-layer
thyristors may also be called thyristors.

Notg 2 to entry: The term "thyristor" is used‘ds’a generic term to cover the whole range of PNPN type devicqgs. It
may| be used by itself for any member of the thyristor family when such use does not result in ambiguity or
misynderstanding. In particular, the term*thyristor" is widely used for reverse blocking triode thyristor, formerly called
"siligon controlled rectifier".

[SQURCE: IEC 60050-521¢2002, 521-04-61, modified — Note 2 to entry added]

3.1{6

reverse blockingtriode thyristor
thrge-terminal thyristor which for negative anode voltage does not switch, but exhibits a revgrse
blo¢king state

[SQUREELTEC 60050-521:2002, 521-04-63]

317
reverse conducting triode thyristor

three-terminal thyristor which for negative anode voltage does not switch and conducts large
currents at voltages comparable in magnitude to the forward on-state voltage

[SOURCE: IEC 6005-521:2002, 521-04-65]

3.1.8

bidirectional triode thyristor

triac

three-terminal thyristor having substantially the same switching behaviour in the first and third
quadrants of the current-voltage characteristic

[SOURCE: IEC 60050-521:2002, 521-04-67]
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3.1.9

turn-off thyristor

thyristor which can be switched from the on-state to the off-state and vice versa by applying
control signals of appropriate polarity to the gate terminal

Note 1 to entry: The gate turn-off thyristor (GTO) and the integrated gate commutated thyristor (IGCT) are types of
turn-off thyristor.

[SOURCE: IEC 60050-521:2002, 521-04-68, modified — Note to entry added]

3.1.10

power transistor

transistor designed for switching from the on-state to the off-state and vice versa by .apply
conftrol signals of appropriate polarity to the base or gate terminal

ng

Notg 1 to entry: The structure of the device intrinsically provides the capability( “of amplificdtion
(sed IEC 60050-521:2002, 521-04-46).

Notg 2 to entry: Different technologies of power transistors are used, such as bipolar transistors, insulated pate
bipojar transistors (IGBT), metal-oxide-semiconductor field-effect transistors (MOSFET),.etc.

3.1{11

valye device stack
single structure of one or more electronic valve devices with,its (their) associated mounting(s)
and auxiliaries if any

[SQURCE: IEC 60050-551:1998, 551-14-12]

3.112

valye device assembly
elegtrically and mechanically combined assembly of electronic valve devices or stacks,
complete with all its connections and auxiliaries in its own mechanical structure

Notg 1 to entry: Similar terms are applied to\stacks or assemblies comprising specific electronic valve deviceg, for
examnple diode stack (rectifier diodes only)~thyristor assembly (thyristors only or in combination with rectifier diodes).

[SQURCE: IEC 60050-551:1998;-551-14-13]

3.1}13

elegtronic valve device
indivisible electronic_device for electronic power conversion or electronic power switch|ng,
comprising a non-centrollable or bistably controlled unidirectionally conducting current path

[SQURCE: (EC 60050-551:1998, 551-14-02, modified — Notes to entry deleted]

3.1]14
semicon r valv Vi
electronic valve device which is a semiconductor device

Note 1 to entry: Typical semiconductor valve devices are thyristors, rectifier diodes, bipolar transistors, metal-
oxide-semiconductor field-effect transistors (MOSFET) and insulated-gate bipolar transistors (IGBT).

Note 2 to entry: Two or more semiconductor valve devices may be integrated on a common semiconductor chip
(examples: a thyristor and a rectifier diode in a reverse conducting thyristor, a power switching field effect transistor
with its reverse diode) or packaged in a common case (semiconductor power module). These combinations are
considered as separate semiconductor valve devices.

[SOURCE: IEC 60050-551:1998, 551-14-09, modified — Notes to entry added]
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3.1.15

electronic power conversion
power conversion
conversion

change of one or more of the characteristics of an electric power system essentially without
appreciable loss of power by means of electronic valve devices

Note 1 to entry: Characteristics include, for example, voltage amplitude, number of phases and frequency, including

zero

frequency.

[SOURCE: IEC 60050-551:1998, 551-11-02]

3.1
ele

16
ctronic power converter

power converter

cor
op€
and

Noteg
are
corr

appl
itsel

[SC
neg

3.1

trig
gat
equ
deVv
gen

3.1

verter
rative unit for electronic power conversion, comprising one or more electronic valve devig
auxiliaries if any

1toentry: Converter transformers and filters related to network interfacing in tetms’of electrical characteri
excluded from the converter itself. Such devices are part of the system aspect.” Any device necessary tq
ect operation of the converter itself is included in the converter, for example)filters for limitation of the g
ed to the valve devices, surge arrestors, etc. Any auxiliary necessary to.the’correct operation of the conv
f is included in the converter, for example fans or cooling system.

URCE: IEC 60050-551:1998, 551-12-01, modified, =\Words "transformers and filter
essary” removed from the definition, note to entry replaced, and figure removed]

17

ger equipment

ng equipment

ipment which provides suitable trigger(pulses from a control signal for controllable va
ices in a converter or power switch including timing or phase shifting circuits, pd
erating circuits and usually power supply circuits

18

system control equipment

equ
adj

Notd

3.1
sen
ele

Notd

ipment associated with/a,power conversion equipment or system which performs autom
Istment of the converteroutput characteristics as a function of a controlled quantity

1 to entry: Examples of controlled quantity include motor speed and traction force.

19
hiconductor converter
ctronic power converter with semiconductor valve devices

{Morentry:  Similar terms for converters in general or for specific kinds of converters or for converters

oth

es,

btics

the
uldt
brter

5 if

lve

Ise

atic

with

r ot specific valve devices for example thvristor converter transistor inverter
™ T ™ Y T

[SOURCE: IEC 60050-551:1998, 551-12-42, modified — Figure removed]

3.1.20

power conversion equipment
PCE

equipment including the electronic power converter and auxiliaries necessary for operation of
the converter itself, or even other parts dedicated to the application, and where these parts

can

not be physically separated without preventing the operation of the converter
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3.1.

21

power conversion system
system consisting of a power conversion equipment and associated components for the
application

Note 1 to entry:

filters.

3.2

3.2.

valre arm
ar

par
tern
con

[SC

3.2

principal arm

val
swi

[SQ

3.2
aux
val

Noteg
arm

[SQ

3.2
by-

auxiliary arm providing a_conductive path which allows the current to circulate without

intg
[SC

3.2

fre¢-wheeling arm

by-

Arms and connections

1

Examples of associated components include switchgear, reactors or transformers and dedicated

of the circuit of an electronic power converter or switch bounded by any two AC or
ninals and including one or more simultaneously conducting electronic valve”devi
nected together and other components if any

URCE: IEC 60050-551:1998, 551-15-01]

2

e arm involved in the major transfer of power from one side(of-the converter or electrg
ch to the other

URCE: IEC 60050-551:1998, 551-15-02, modified — Nete removed]

3

iliary arm

e arm other than a principal arm

1 to entry: Sometimes an auxiliary arm tempararily fulfils more than one of the following functions: by-
free-wheeling arm, turn-off arm or regenerative arm.

URCE: IEC 60050-551:1998, 55115-05]

4
pass arm

rchange of power bétween source and load
URCE: IEC 60050-551:1998, 551-15-06]

5

bass-arm containing only non-controllable valve devices

DC
ces

nic

ass

an

[SOURCE: IEC 60050-551:1998, 551-15-07]

3.2.6

turn-off arm
auxiliary arm which temporarily takes over the current directly from a conducting valve arm,
consisting of one or more latching valve devices which cannot be turned off by a control signal

[SOURCE: IEC 60050-551:1998, 551-15-08]

3.2.7

reg

enerative arm

valve arm which transfers a part of the power from the load side to the source side
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[SOURCE: IEC 60050-551:1998, 551-15-09]

3.2.8

converter connection

electrical arrangement of valve arms and other components essential for the function of the
main power circuit of a converter

Note 1 to entry: Common practice also uses the term "topology" of the converter with the same sense.

[SOURCE: IEC 60050-551:1998, 551-15-10, modified — Note to entry added]

3.2{9
bagic converter connection
elegtrical arrangement of principal arms in a converter

[SQURCE: IEC 60050-551:1998, 551-15-11]

3.2)10

single-way connection
<of|a converter> converter connection such that the current through-each of the phase terminals
of the AC circuit is unidirectional

[SQURCE: IEC 60050-551:1998, 551-15-12]

3.2{11

double-way connection
<of|a converter> converter connection such that the current through each of the phase terminals
of the AC circuit is bidirectional

[SQURCE: IEC 60050-551:1998, 551-15-18]

3.2]12

brigge connection
doyble-way connection of pairslof arms such that the centre terminals are the phase terminals
of the AC circuit, and that the-outer terminals of like polarity are connected together and jare
the|DC terminals

[SQURCE: IEC 600503551:1998, 551-15-14]

3.2/13
uniform connection
connectionwwith either all principal arms controllable or all principal arms non-controllable

[SQURCE: IEC 60050-551:1998, 551-15-15]

3.2.14
non-uniform connection
connection with both controllable and non-controllable principal arms

[SOURCE: IEC 60050-551:1998, 551-15-18]

3.2.15
series connection
connection of two-terminal networks so that they form a single path

[SOURCE: IEC 60050-131:2002, 131-12-75, modified — Notes deleted]
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3.2.16

series connection of converters

series connection in which two or more converters are connected in such a way that their
voltages add

3.2.17

boost and buck connection

series connection of two or more converter connections the direct voltages of which may be
added or subtracted depending on the control of the individual connections

[SQURCETTEC 60050-5511998, 55 1-15-271]

3.3] Controllability of converter arms and quadrants of operation (on DC side)

3.31
controllable arm
converter arm including controllable valve device(s)

3.3]2
non-controllable arm
converter arm including only no-controllable valve device(s)

3.313
quadrant of operation
<DC side> quadrant of the voltage-current plane defihed by the DC voltage polarity and [the
current direction

3.3{4
ong-quadrant converter
AC/DC or DC converter with one possible:direction of DC power flow

[SQURCE: IEC 60050-551:1998, 551=12-34, modified — Figure deleted]

3.3/5

twg-quadrant converter
ACIDC or DC converter with two possible directions of DC power flow associated with pne
dirgction of direct current and two directions of direct voltage or vice versa

[SQURCE: IEC 60050-551:1998, 551-12-35, modified — Figure deleted]

3.3]6
four-quadrant converter
ACIDC ©r,DC converter with two directions of DC power flow, associated with two directiong of
dirdctwoltage and two directions of direct current

[SOURCE: IEC 60050-551:1998, 551-12-36, modified — Figure deleted]

3.3.7

reversible converter

bi-directional converter

converter in which the direction of the power flow is reversible

Note 1 to entry: The term "bi-directional converter" corresponds to common practice, and provides a better picture
of the bi-directional power flow in the converter.

[SOURCE: IEC 60050-551:1998, 551-12-37, modified - Alternative term "bi-directional
converter" and note to entry added]
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8

single converter
current stiff reversible AC/DC converter with direct current in one direction

[SOURCE: IEC 60050-551:1998, 551-12-38, modified — Figure deleted]

3.3.

9

double converter
current stiff reversible AC/DC converter with direct current in both directions

[SQURCE: IEC 60050-551:1998, 551-12-39]

3.3/10

converter section of a double converter

parf of a double converter in which the main direct current when viewed from the,DC terminals
alwpys flows in the same direction

[SQURCE: IEC 60050-551:1998, 551-12-40]

3.3]11

ph3ase control

progess of varying the instant within the cycle at which current,conduction in an electronic vglve
devlice or valve arm begins

[SQURCE: IEC 60050-551:1998, 551-16-23]

3.3/12

triggering

conftrol action to achieve firing of a latching(valve device or an arm consisting of such devides
[SQURCE: IEC 60050-551:1998, 551-16-61]

3.4] Commutation, quenching'and commutation circuitry

3.411

commutation

<inlan electronic power\converter> transfer of current from one conducting arm to the next to
conduct in sequence, without interruption of the current, both arms conducting simultaneoysly
dur|ng a finite time.interval

[SQURCE: (EC 60050-551:1998, 551-16-01]

3.412

quegnching

termination of current flow in an arm without commutation

[SOURCE: IEC 60050-551:1998, 551-16-19]

3.4.3
direct commutation
commutation between two principal arms without transfer through any auxiliary arms

[SOURCE: IEC 60050-551:1998, 551-16-09]
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3.4.4
indirect commutation

series of commutations from one principal arm to another or back to the original one by

successive commutations via one or more auxiliary arms
[SOURCE: IEC 60050-551:1998, 551-16-10]

3.4.5
external commutation

commutation where the commutating voltage is supplied by a source outside the converter or

elegtronic switch
[SQURCE: IEC 60050-551:1998, 551-16-11]

3.4/6
ling commutation
external commutation where the commutating voltage is supplied by the line

[SQURCE: IEC 60050-551:1998, 551-16-12]

3.4|7
load commutation

exteérnal commutation where the commutating voltage is takern from a load other than the line

[SQURCE: IEC 60050-551:1998, 551-16-13]

3.418
machine commutation
external commutation where the commutating’voltage is supplied by a rotating machine

[SQURCE: IEC 60050-551:1998, 551-16-14]

3.4/9
respnant load commutation

mefihod of load commutatian jn which the commutating voltage is supplied by the load, using i

respnant property

3.4/10
self-commutation

conmpmutationwhere the commutating voltage is supplied by components within the converte

thelelectronic, switch

[SQURCE: IEC 60050-551:1998, 551-16-15]

I or

3.4.11
capacitor commutation

method of self-commutation in which the commutating voltage is supplied by capacitors

included in the commutation circuit
[SOURCE: IEC 60050-551:1998, 551-16-17]

3.4.12
inductively coupled capacitor commutation

method of capacitor commutation in which the capacitor circuit is inductively coupled to the

commutation circuit
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3.4.13

valve device commutation

method of self-commutation in which the commutating voltage is created by turning off the
conducting electronic valve device by a control signal

Note 1 to entry: Simultaneously the next electronic valve device to conduct is turned on.

[SOURCE: IEC 60050-551:1998, 551-16-16]

3.414
val
method of quenching in which the quenching is performed by the electronic valve device.itdelf

[SQURCE: IEC 60050-551:1998, 551-16-20]

3.4]15
external quenching
method of quenching in which the quenching results from causes external\to the device

Notg 1 to entry: External quenching occurs in line-commutated converters_under discontinuous condugtion
opetation.

[SQURCE: IEC 60050-551:1998, 551-16-21, modified — Words "electronic valve dev|ce"
replaced with "device", and note to entry added]

3.5 Commutation characteristics

3.51
commutation circuit
cirduit consisting of the commutating arms and the source providing the commutating voltage

[SQURCE: IEC 60050-551:1998, 551-16-03]

3.5)2
commutation voltage
voliage which causes the current to commutate

[SQURCE: IEC 60050-551:1998, 551-16-02]

3.5]3
commutation-inductance
resplting induétance in the commutation circuit

Notg 1 to.entry: For line or machine commutated converters, the commutation reactance is the impedance of the
commutation inductance at the fundamental frequency.

[SOURCE: IEC 60050-551:1998, 551-16-07, modified — Note to entry added]

3.5.4
commutation interval
time interval in which commutating arms are carrying principal current simultaneously

[SOURCE: IEC 60050-551:1998, 551-16-04]

3.5.5
angle of overlap

u
commutation interval expressed in angular measure
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[SOURCE: IEC 60050-551:1998, 551-16-05, modified — Symbol y added]

3.5.6

commutation notch

periodic voltage transient that may appear in the AC side voltage of a line or machine-
commutated converter due to the commutation

[SOURCE: IEC 60050-551:1998, 551-16-06]

3.5.7
commutation repetitive transient
volfage oscillation associated with the commutation notch

3.5(8
commutating group
grolp of principal arms which commutate cyclically among themselves withaut intermed|ate
compmutation of the current to other principal arms

[SQURCE: IEC 60050-551:1998, 551-16-08]

3.5)9
commutation number

q
number of commutations from one principal arm to another during one elementary period in

eadh commutating group
[SQURCE: IEC 60050-551:1998, 551-17-03, modified — Symbol ¢ added]

3.5/10

pulse number
P
number of non-simultaneous symmettical direct or indirect commutations from one principal arm
to gnother which occur during onelelementary period

[SQURCE: IEC 60050-551;1998, 551-17-01, modified — Symbol p added]

3.5{11

trigger delay angle
o
tim¢ expressediin angular measure by which the trigger pulse is delayed with respect to|the
refgrence instant in the case of phase control

Notg 1 to\entry: With line, machine or load commutated converters the reference instant is the zero crossing ingtant
of thescdmmutating voltage. With AC controllers it is the zero crossing instant of the supply voltage. For AC controllers

th mnducting laade th tricaor dalayvy ana ie-th PART==Y fih nhac chift and th wrrant dalav ana ]
withlinduetivetoads—the-triggerdelay-angleis-the-sum-of- the-phase-shift and-the-eurrent-delay-angle-

[SOURCE: IEC 60050-551:1998, 551-16-33, modified — Symbol a added]

3.5.12
trigger advance angle

B

time expressed in angular measure by which the trigger pulse is advanced with respect to the
reference instant

Note 1 to entry: With line, machine or load commutated converters the reference instant is the zero crossing instant
of the commutating voltage.

[SOURCE: IEC 60050-551:1998, 551-16-34, symbol § added]
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3.5.13

inh

%

erent delay angle

current delay angle occurring, even without phase control, caused by multiple overlap

Note 1 to entry: Multiple overlap occurs in line commutated converters at high angles of overlap.

[SOURCE: IEC 60050-551:1998, 551-16-35, modified — Symbol a, added]

side

shall refer to a specified tap, which is the principal tap.

3.5.14

extjnction angle

4 . .

time, expressed in angular measure, between the instant when the current of the armfalls to
zerp and the instant when the arm is required to withstand steeply rising off-state voltage
3.5]15

hold-off interval

intgrval between the instant when the on-state current of a latching valve device has decreaged
to 4ero and the instant when the same valve device is subjected to reapplied off-state voltage
[SQURCE: IEC 60050-551:1998, 551-16-45]

3.6 Rated values

3.6]1

ratmd value

vallie of a quantity used for specification purposes,‘established for a specified set of operating
conditions of a component, device, equipmentcarsystem

Notg 1 to entry: The quantity may describe electrieal, thermal, mechanical, or environmental properties.

Notg 2 to entry: In the case of semiconductor converters, rated values usually apply to a semicondutor valve deyice,
a vajve device assembly or a converter.

Notg 3 to entry: The nominal value of a system (for example nominal voltage — IEC 60050-601:1985, 601-01-2{1) is
oftep equal to the corresponding rated value of the equipment, where both values are within the tolerance band|of a
quantity.

Notg 4 to entry: Unlike many other electrical components, semiconductor devices may be irreparably damaped,
evern within a very short time.of operation, in excess of maximum rated values.

Notg 5 to entry: Variations of rated values should be specified. Certain of the values assigned are limiting values.
Thege limiting valuessmay be either maximum or minimum values.

[SQURCE: (EC 60050-151:2001, 151-16-08, modified — Notes to entry added]

3.6{2

rated\frequency

IN

specified frequency on the AC side of a converter

3.6.3

rated voltage on the line side

ULN

specified RMS value of the voltage between conductors on the line side of the converter

Note 1 to entry: If the line side transformer winding is provided with taps, the rated value of the voltage of the line
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4

rated voltage on the valve side of the transformer

Uv N

RMS value of the no-load voltage between vectorially consecutive commutating phase terminals
of the valve windings of a commutating group at rated voltage on the line side of the transformer

Note 1 to entry:

voltage on the valve side is the rated voltage on the line side of the converter.

3.6.

5

rated current on the line side

If no transformer is provided, within the converter case of a directly connected converter, the rated

I N
ma

Noteg
of a

Notd
rect
spe

Noteg

takes into account the effect of DC current ripple and circulating current, if any;

3.6

ratéd current on the valve side

IvN
ma

Noteg
of a

Notg
rect

Notd

3.6

rat¢d apparent power on theline side

SIN
tots

sid¢ and rated currention the line side

3.6

rated direct yvoltage

Uan

mean valug, at rated DC current, specified by the manufacturer, of the direct voltage betw

the

imum RMS value of the current on the line side of the converter under rated conditions

1 to entry: The rated current on the line side takes into account rated load and the most onerous combina
| other conditions within their specified ranges, for example line voltage and frequency deviations.

2 to entry: For polyphase equipment, this value is computed from the rated direct current on the bas
hngular shaped currents of the converter arms. For single phase equipment, the basis_6f calculation shoul
ified.

3 to entry: The rated line current includes currents supplied to the auxiliary eircuits of the converter. It

6

imum RMS value of the current on the valve side-0f the converter under rated condition

1to entry: The rated current on the valve side takes inte account rated load and the most onerous combina
| other conditions within their specified ranges, for example line voltage and frequency deviations.

2 to entry: For polyphase equipment, this value is computed from the rated direct current on the bas
hngular shaped currents of the converter arms,

3 to entry: For single phase equipment,\the basis of calculation should be specified.

7

| apparent power, at the line side terminals, at rated frequency, rated voltage on the

8

DC. terminals of the assembly or equipment

tion

be

also

tion

s of

ine

14

een

3.6.9
rated direct current

I4N

mean value of the direct current specified by the manufacturer for specified load and service

con

ditions

Note 1 to entry: It may be referred to as the 1,0 p.u. value, to which other values of /4 are compared.

3.6.10
rated continuous direct current

I
dMN
mean value of the direct current which an assembly or converter is capable of carrying

con

tinuously without damage, for specified service conditions
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Note 1 to entry: The rated continuous direct current of an assembly is very often essentially higher than the rated
direct current of the corresponding complete equipment. It is a maximum value.

Note 2 to entry: The rated continuous direct current of an assembly may be limited by parts other than the
semiconductor.

3.6.11
peak maximum direct current

1

dSMN
mean value of the direct current which an assembly or converter is capable of carrying without
damage, for a specified short duration, starting from an undefined duration at the rated current
and_followed hy a no-load period of short duration

Notg 1 to entry: The value and duration of the peak current (peak maximum direct current / q),\), as-well*ag the

minimum time of no-load before again carrying any current, are associated parts of the definition ‘of the peak
maxjmum direct current.

3.6{12
intermittent peak maximum direct current

TariN
mean value of the direct current which an assembly or converter is capable of carrying without
damage, for a specified short duration and intermittently, starting. from any value of curfent
eqyal or below the rated current, and back to any value of curfent equal or below the rgted
curfent

Notg 1 to entry: The value and duration of the peak current (intermittent peak maximum direct current 7 ,,y], as

welllas the minimum time between applications of intermittent pedk loads, are associated parts of the definitign of
the iIntermittent peak maximum direct current.

3.6]13

rate¢d current for peak load duty
mean value of the direct current which an.@ssembly or converter is capable of carrying|for
specified duration under specified service conditions, associated with a short-time pgak
maximum direct current

Notg 1 to entry: The characteristics of the associated maximum direct current [

4smn are parts of the definitign of
the ghort-time duty. For details, see 6.4.3.2.

3.6]14
rath current for continuous duty with superimposed peak loads

mean value of the direct current which an assembly or converter is capable of carrying|for
unlimited duration under specified service conditions and with intermittently applied intermit{ent
pegdk maximum direct current of specified magnitudes and durations

Notg 1 to entpy=\\The characteristics of the associated intermittent peak maximum direct current /

JruN are pars of

the ¢lefinitionof the rated current for continuous duty with superimposed peak loads.

3.6{15
rated-eurrent-forrepetitivetoad-duty
rated direct current of the assembly or converter, specified as the RMS value of the load current
evaluated over the period of the load duty cycle

Note 1 to entry: The duty class should be specified as a sequence of current values together with their durations.
"repetitive load duty" is also known as "periodic duty". See 6.4.3.2 c).

3.6.16
rated DC power
product of the rated direct voltage and the rated direct current

Note 1 to entry: The measured DC power may differ from the rated DC power as defined because of voltage and
current ripple.
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3.7 Specific voltages, currents and factors

3.7.1

ideal no-load direct voltage

Ugi

theoretical no-load direct voltage of an AC/DC converter assuming no reduction by phase
control, no threshold voltages of electronic valve devices, and no voltage rise at small loads

[SOURCE: IEC 60050-551:1998, 551-17-15, modified — Symbol Uy; added]

3.7)2
controlled ideal no-load direct voltage
Ugi
thepretical no-load direct voltage of an AC/DC converter corresponding to a specified trigger
del@y angle assuming no threshold voltages of electronic valve devices and nagvoltage ris¢ at
small loads

[SQURCE: IEC 60050-551:1998, 551-17-16, modified — Symbol Uy, added]

3.7]3
conventional no-load direct voltage
Udgo
mean value of the direct voltage which would be obtained by extrapolating the difect
volfage/current characteristic from the region of continuous flow of direct current to zero curfent
at Zero trigger delay angle, i.e. without phase control

Notg 1 to entry: U, is equal to the sum of U, and the no-load voltage drop in the assembly.

[SQURCE: IEC 60050-551:1998, 551-17-17,-modified — Symbol Uy, and note to entry added]

3.7)4
controlled conventional no-load.direct voltage
Udgu
mean value of the direct voltage corresponding to a specified trigger delay angle which wquld
be |obtained by extrapolating the direct voltage/current characteristic from the region of
continuous flow of direct current to zero current

Notg 1 to entry: U, (S equal to the sum of Uy, and the no-load voltage drop in the assembly.

D
o
[

[SQURCE: IEC60050-551:1998, 551-17-18, modified — Symbol U, and note to entry add

3.7)5
rear no-load direct voltage

Udou
actual mean direct voltage at zero direct current

[SOURCE: IEC 60050-551:1998, 551-17-19, modified — Symbol Uy added]

3.7.6

direct voltage regulation

difference between the conventional no-load direct voltage and the direct voltage at load at the
same trigger delay angle excluding the correcting effect of stabilizing means if any

Note 1 to entry: If voltage stabilizing means are used, refer also to 3.7.9.

Note 2 to entry: The nature of the DC circuit (for example capacitors, back e.m.f. load) may affect the voltage
change significantly. Where this is the case, special consideration may be required.
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[SOURCE: IEC 60050-551:1998, 551-17-21, modified — Notes to entry added]

3.7.7

inh

erent direct voltage regulation

direct voltage regulation excluding the effect of the AC system impedance

[SOURCE: IEC 60050-551:1998, 551-17-22]

3.7.8
total direct voltage regulation

dirdct voltage regulation including the effect of the AC system impedance

[S

3.719
output voltage tolerance band
spelcified range of steady-state values of a stabilized output voltage around.its nominal or pre

val

3.7
tra
me
gro

[SC

Cco

3.7
cor
rati
DC

Noteg
fund

Notd
and

[SC

3.7

power efficiency

rati

Notd

URCE: IEC 60050-551:1998, 551-17-23]

e

10
sition current
n direct current of a converter connection when the diréct’current(s) of the commuta

Lip(s) become(s) intermittent when decreasing the current

URCE: IEC 60050-551:1998, 551-17-20 modified - “commutation” replaced
mmutating”]

11

version factor

b of the fundamental output power on DC output power to the fundamental input powe
input power

1 to entry: The fundamental powersdEC 60050-551:1998, 551-17-08) is the active power determined by
amental components of voltage and.current.

2 to entry: For the purposes)of this definition, the DC power is the product of the mean value of the vol
mean value of the current.

URCE: IEC 600505551:1998, 551-17-10, modified — Notes to entry added]

12

b of thewoutput power to the input power of the converter

1.to’entry: In the conversion factor, the power contained in the AC components of the current and voltag

set

ng

vith

[ or

the

age

£ on

the

Ne aid | HY 4 Lo sl ££: 0 4l toi At Wal 4
DCStaeSThotrakKehtoaccount— e power— ermcrency e power—Coframe T teSe7AC CoOMponNentS—o

the

current and voltage on the DC side is included in the DC power. Therefore, for AC to DC conversion, the conversion
factor has a lower value. For a single phase, two-pulse (full wave) converter with resistive load, the theoretical

max

imum conversion factor is 0,81 p.u., while the maximum power efficiency is 1,0 p.u.

Note 2 to entry: The conversion factor may be correctly obtained only by measurement of the fundamental
component of power on the AC side and zero-frequency components of voltage and current on the DC side. The
power efficiency may be correctly obtained either by measurement of root-mean-square values of AC power and DC
power or by calculation or measurement of internal losses.

Note 3 to entry: The active power (mean value of the power) on the AC side, and the mean value of the power on
the DC side are to be considered.
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3.7.13
power factor

A

ratio of the absolute value of the active power P to the apparent power S, under periodic

con

ditions

7]

P
S

Note 1 to entry: Under sinusoidal conditions, the power factor is the absolute value of the active factor.

[SC

3.7

URCE: IEC 60050-131:2002, 131-11-46, modified — Symbol 1 added]

14

power factor of the fundamental wave

dis
cos
und

app

Noteg

3.7
def
|4

rati

Noteg
3.10

3.8

3.8
€og

placement factor

1
er periodic conditions, ratio of the active power of the fundamental components P, to

arent power of the fundamental components S,
cospq = A
M S

1 to entry: For definition on the displacement angle, see IEC/60050-131:2002, 131-11-48.

15
prmation factor

D of the total power factor A to the displacement factor cosg;,

A
y =
COSy

1 to entry: Under sinusoidalh\voltage condition, the deformation factor is equal to the fundamental factor.
.14, Note 2 to entry.

Cooling

1
ling medium

the

See

liqulid (for example water) or gas (for example air) which removes the heat from the equipmlent

3.8

2

heq

t'transfer agent

liquid (for example water) or gas (for example air) within the equipment to transfer the heat from
its source to a heat exchanger from where the heat is removed by the cooling medium

3.8.3

direct cooling
method of cooling by which the cooling medium is in direct contact with the parts of the
equipment to be cooled, i.e. no heat transfer agent is used

3.8.4

ind

irect cooling

method of cooling in which a heat transfer agent is used to transfer heat from the part to be
cooled to the cooling medium
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3.8.5

nat

ural cooling

convection
method of circulating the cooling fluid (cooling medium or heat transfer agent) which uses the

cha

nge of volumetric mass (density) with temperature

3.8.6
forced cooling
method of circulating the cooling medium or heat transfer agent by means of blower(s), fan(s)

or pump(s)

3.8]7

mixXed cooling

method of circulating the cooling medium or heat transfer agent, which uses, alternativ
natpral and forced circulation

Notg 1 to entry: Mixed circulation may be used for light load/overload periods or in the case\of an emergency.
3.8]8

equilibrium temperature

steqdy-state temperature reached by a component of a converter_ander specified condition

loa

Noteg
necq

3.8
am
tem

I and cooling

1 to entry: The steady-state temperatures are in general different for different components. The ti
ssary to establish steady-state are also different and proportiona}to the thermal time constants.

9
bient air temperature
perature of the air surrounding the power conversion equipment, measured at half

disfance from any neighbouring equipment, but not more than 300 mm distance from

eng
eqy

3.8
coq
ave
eqy

Notd
und

3.8
cod
tem

3.8

losure, at middle height of the equipment, protected from direct heat radiation from

tem

ely,

mes

the
the
the

ipment
10
ling medium temperature for-air and gas cooling
rage temperature measured-outside the equipment at points 50 mm from the inlet to [the
ipment
1 to entry: For the evaluation of the fraction of heat which is radiated, the ambient temperature is that deffjned
br 3.8.9.
11
ling medium temperature for liquid cooling
peraturé measured in the liquid pipe 100 mm upstream from the liquid inlet
12
iperature of heat transfer agent

heat transfer agent temperature measured at a point to be specified by the supplier

3.9 Service conditions tolerances and electromagnetic compatibility
3.91

electromagnetic compatibility

EMC

ability of an equipment or system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to anything in that environment

[SOURCE: IEC 60050-161:2018, 161-01-07]
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2

electromagnetic emission

emi
phe

ssion
nomenon by which electromagnetic energy emanates from a source

[SOURCE: IEC 60050-161:2019, 161-01-08, modified — An alternative term “emission” added]

3.9.
emi

3
ssion level

<converter> level of a given electromagnetic disturbance emitted from a converter operated

wit

[SC
with
op€

3.9
ele
ele
sys

[SC

3.9
ele

co
[SC

3.9
ref
ass|
are

level

Notd
cong

3.9
imn

ability of a device, equipment or system to perform without degradation in the presence of

ele

IevrTI of an electromagnetic disturbance existing at\a given location, which results from

In-speciried condltions and measurea in a speciiied way

URCE: IEC 60050-161:1990, 161-03-11, modified — Domain "disturbing source! repla
"converter", and words "particular device, equipement or system" replaced with,'conver
rated within specified conditions and measured in a specified way"]

4

ctromagnetic disturbance

ttromagnetic phenomenon which may degrade the performance of & device, equipmen
tem, or adversely affect living or inert matter

URCE: IEC 60050-161:2018, 161-01-05, modified — Notes\to entry deleted]

5

ctromagnetic disturbance level

tributing disturbance sources
URCE: IEC 60050-161:1990, 161-03-29]

6
rence level of generated disturbance of a converter

med level of disturbance preduced by a converter, when the actual operating conditi
not known and rated operating conditions are used to calculate or measure the disturba

1 to entry: The level of disturbance generally depends on the supply source impedance, which may ng
idered as a characteristic quantity of the converter.

7
nunity to a disturbance

ctromagnetic disturbance

ced
ter,

k or

all

pons
nce

t be

an

[SQ

URCE: IEC 60050-161:1990, 161-01-20]

3.9.8

immunity level of a converter
specified value of an electromagnetic disturbance level below which a converter is designed to
meet the required performances or continue operation or avoid damage

Note 1 to entry:

IEC

60050-161:1990, 161-03-14.

This definition is specific to the converter. For general concept of immunity level, it is found in
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3.9.9

relative short-circuit power

Rsc

ratio of the short-circuit power of the source to the rated apparent power on the line side of the
converters

Note 1 to entry: Rg refers to a given point of the network, for specified operating conditions and specified network
configuration.

Note 2 to entry: Within the IEC 61000-3 series, the short-circuit ratio is defined with the short-circuit power of the
source at the PCC, instead of short-circuit power of the source at the IPC of use of the converter. The risk of confusion
is clprified in Clause B.2.

3.1D Harmonic distortion

NOTE Equations in the harmonic definitions below use the symbol Q to represent a quantity. When-thése equations
are pised in dedicated applications, Q is replaced by the actual symbol for the quantity, for example U for voltage, 7
for qurrent. In the other parts of this document, Q is the symbol used for reactive power (see Table’2). Explanatjons
supporting these definitions are given in Annex A.

3.10.1

point of common coupling
PCC
point on a public power network, electrically nearest to a particular load, at which other lopds
are| or could be, connected

[SQURCE: IEC 61000-2-4:2002, 3.1.6]

3.10.2

in-plant point of coupling
IPC
point on a network inside a system or an installation, electrically nearest to a particular load, at
which other loads are, or could be, connected

Notg 1 to entry: The IPC is usually the poinf\for which electromagnetic compatibility is to be considered.

[SQURCE: IEC 61000-2-4:2002, 3:1.7]

3.1p.3
fundamental frequency
frequency of the fundamental component

[SQURCE: IEC.60050-551:2001, 551-20-03]

3.10.4
fundamental component

ving

Note 1 to entry: For practical analysis, an approximation of the periodicity may be necessary.

[SOURCE: IEC 60050-551:2001, 551-20-01]

3.10.5

reference fundamental component

sinusoidal component of the Fourier series of a periodic quantity having the frequency to which
all other components are referred and which is not the fundamental component

Note 1 to entry: |If it is clearly stated in a context that the reference fundamental component is used, the word
"reference" may be omitted, but this document does not recommend this practice.
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Note 2 to entry: For practical analysis, an approximation of the periodicity may be necessary.

Note 3 to entry: In power electronics, often the component having the frequency of the AC supply system or of the
converter output quantities is chosen as reference fundamental component.

[SOURCE: IEC 60050-551:2001, 551-20-02]

3.10.6
reference fundamental frequency
frequency of the reference fundamental component

Notd T to eniry: If it I1s clearly stated In a coniext that the reierence fundamental component Is used, the yord
"refgrence" may be omitted, but this document does not recommend this practice.

[SQURCE: IEC 60050-551:2001, 551-20-04]

3.10.7

harmonic frequency
frequency which is an integer multiple greater than one of the fundamentalArequency or of|the
refgrence fundamental frequency

Notg 1 to entry: The ratio of the harmonic frequency to the fundamental frequentcyj or to the reference fundamgntal
frequency, is named "harmonic order" (recommended notation: ).

[SQURCE: IEC 60050-551:2001, 551-20-05, modified — Notedto entry added]

3.10.8
harfmonic component
sinfisoidal component of a periodic quantity having“a harmonic frequency

Notg 1 to entry: For brevity, such a component may bereferred to simply as a harmonic.
Notg 2 to entry: For practical analysis, an approximation of the periodicity may be necessary.

Notg 3 to entry: The value is normally expressed as an RMS value.

[SQURCE: IEC 60050-551:2001, 551-20-07, modified — Notes 1 and 3 to entry added]

3.10.9
interharmonic frequency
frequency which is a-nonh-integer multiple of the reference fundamental frequency

Notg 1 to entry: Bytextension of the harmonic order, the interharmonic order is the ratio of interharmonic frequ¢ncy
to the reference fundamental frequency, this ratio is not an integer (recommended notation: m).

Notg 2 to entrys” In the case where m < 1, the term "sub-harmonic frequency" may also be used (see IEC 60p50-
55112001,551-20-10).

[SQURCE: IEC 60050-551:2001, 551-20-06, modified — Notes to entry added]

3.10.10
interharmonic component
sinusoidal component of a periodic quantity having an interharmonic frequency

Note 1 to entry: For brevity, such a component may be referred to simply as an interharmonic.

Note 2 to entry: For practical analysis, an approximation of the periodicity may be necessary.

Note 3 to entry: The value is normally expressed as an RMS value.

Note 4 to entry: As stated in IEC 61000-4-7, the time window has a width of 10 fundamental periods (50 Hz systems)

or 12 fundamental periods (60 Hz systems), i.e. approximately 200 ms. The difference in frequency between two
consecutive interharmonic components is, therefore, approximately 5 Hz. In the case of other fundamental
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frequencies, the time window should be selected between 6 fundamental periods (approximately 1 000 ms at 6 Hz)

and

18 fundamental periods (approximately 100 ms at 180 Hz).

[SOURCE: IEC 60050-551:2001, 551-20-08, modified — Notes 1, 3 and 4 to entry added]

3.10.11
harmonic content
sum of the harmonic components of a periodic quantity

Note 1 to entry: The harmonic content is a time function.

Notéd

Notd
the

Notd

whe

= Q0

[SQ

3.1

Z 1o entry: For practical analysis, an approximation of the periodicity may be necessary.

3 to entry: The harmonic content depends on the choice of the fundamental component. If it is nottglear
ontext which one is used, an indication should be given.

4 to entry: The RMS value of the distortion content is

G

represents either current or voltage;

is the harmonic order;

is 50 for the purpose of this document. It has been 40 for a long timein standards related to power electro
and should be moved to 50 in line with IEC 61000-2-2 and IEC 61000-2-4.

URCE: IEC 60050-551:2001, 551-20-12, modified > Note 4 to entry added]

D.12

tot
tot
THI
rati
ort

whe
O h
9,

Noteg

confext which one is used, an indication should be given.

I harmonic ratio

I harmonic distortion
D
b of the RMS value of the harmonic(content to the RMS value of the fundamental compor
he reference fundamental component of an alternating quantity

e
and H are the same as listed in 3.10.11;

is the~RMS value of the fundamental component.

1 to entrys” The harmonic ratio depends on the choice of the fundamental component. If it is not clear fronj

Notg

2\to’entry: The total harmonic ratio may be restricted to a certain harmonic order (recommended notation

50 for the purpose of this document.

rom

cs,

ent

the

H),

[SOURCE: IEC 60050-551:2001, 551-20-13, modified — Recommended notation and value
added in Note 2 to entry]
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3.10.13

total distortion content
quantity obtained by subtracting from an alternating quantity its fundamental component or its
reference fundamental component

Note 1 to entry: The total distortion content includes harmonic components and interharmonic components if a

ny.

Note 2 to entry: The total distortion content depends on the choice of the fundamental component. If it is not clear

from

the context which one is subtracted, an indication should be given.

Note 3 to entry: The total distortion content is a time function.

Notg

Notg

whe

4 to entry: An alternating quantity (symbol Q) is a periodic quantity with zero DC component.

5 to entry: The RMS value of the distortion content is

De =\0* -0

e Q, is noted in 3.10.12.

[SQURCE: IEC 60050-551:2001, 551-20-11, modified — Symbol addéd in Note 4 to en
Note 5 to entry added]

3.10.14

total distortion ratio

TD

ratip of the RMS value of the total distortion content,to the RMS value of the fundame
component or the reference fundamental component.of ‘an alternating quantity

Notd
from

[SQURCE: IEC 60050-551:2004, 551-20-14, modified — Abbreviated term "TDR" and formul
Nofe 1 to entry added. Note.2'to0 entry deleted]
3.1p.15
total distortion factor
TDF
ratip of the RMS‘value of the total distortion content to the RMS value of an alternating quar
== =Y =
0 0

_Dg. Q2—Q12
R O O

1 to entry: The total distortion ratio depends on the choice of the fundamental component. If it is not g
the context which one is used, an indication should be given.

try.

htal

lear

8 in

tity

Note 1 to entry: The total distortion factor depends on the choice of the fundamental component. If it is not clear
from the context which one is used, an indication should given.

Note 2 to entry:

com

ponent and the total RMS value. It is the fundamental factor (IEC 60050-161:1990, 161-02-22):
DR Q

The ratio between TDF and TDR equals the ratio between the RMS value of the fundamental

[SOURCE: IEC 60050-551:2001, 551-20-16, modified — Abbreviated term "TDF", formula in
Note 1 to entry, and Note 2 to entry added]
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3.10.16

individual harmonic ratio

IHR

ratio of any harmonic component to the fundamental

Note 1 to entry: In IEC 60050-161:1990, 161-02-20, the individual harmonic ratio is named "»!" harmonic ratio". IHR
has been chosen for consistency with 3.10.11, and the order index has been chosen as "4" instead of "»", which is
frequently used elsewhere, for example for the natural integer list.

Note 2 to entry: The value of the individual harmonic ratio is QR = %
1

3.10.17

pantial weighted harmonic ratio

PWHR

ratip of the RMS value of a selected group of higher order harmonics, weighted with [the
harmonic order 4, to the RMS value of the fundamental

h=40 2
2 x|k
h=14 O
Notg 1 to entry: The partial weighted harmonic ratio is employed in order to/ensure that the effects of the higher
ordgr harmonic currents on the results are reduced sufficiently and individdat limits need not be specified.

OPWHR =

Notg 2 to entry: The similar concept for the harmonic current is shown’in IEC 61000-3-12:2011, 3.2.
3.11 Definitions related to insulation co-ordination

3111
elegtrical circuit
cirguit
<eduipment> current paths of components or assemblies, conductors or terminals connedted
to gach other by electrically conductive connections and insulated from the remaining part of
thelequipment

Notg 1 to entry: If parts of the same. equipment are conductively connected only via a protective equipoteptial
bongliing system, then they are regarded as separate circuits.

3.101.2
pant of a circuit
section of a circuit’having its own rated insulation voltage

3.11.3
equipotentiality
stale when conductive parts are at a substantially equal electric potential

3.11.4
equipotential bonding
provision of electric connections between conductive parts, intended to achieve equipotentiality

[SOURCE: IEC 60050-195:2021, 195-01-10, modified — Definition reformulated]
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3.11.5

equipotential bonding system

EBS

interconnection of conductive parts providing equipotential bonding between those parts

[SOURCE: IEC 60050-195:2021, 195-02-22]

3.11.6

protective equipotential bonding system

PEBS

equyipotentitai bonding system providing protective equipotential bonding
[SQURCE: IEC 60050-195:2021,195-02-23]

3.11.7

working voltage

volfage, at rated supply conditions (without tolerances) and worst case operating conditig

whi

Notd

3.1
ded
cal
ele

3.1

RM
ch

Noteg
rate

Notg
and

Noteg
orc
dete

Notd
inve
the

[SC
with

ch occurs by design in a circuit or across insulation

1 to entry: The working voltage can be DC or AC. Both the RMS and recunring*peak values are used.

1.8

isive voltage class

ulated voltage range used to determine the classification of protective measures aga
Ctric shock

1.9

voltage value assigned by the manufacturer to the equipment or to a part of
racterizing the specified (long-term) withstand capability of its insulation

ra? insulation voltage

1 to entry: The rated insulation voltage.is’higher than or equal to the rated voltage of the equipment, or tq
I voltage of the concerned part of the equipment, which is primarily related to functional performance.

2 to entry: The rated insulation voltage refers to the insulation between electric circuits, between live g
exposed conductive parts and within an electric circuit.

3 to entry: For clearances*and solid insulation, the peak value of the voltage occurring across the insulg
earance is the determining value for the rated insulation voltage. For creepage distances, the RMS value is
rmining value.

4 to entry: The_rated insulation voltage depends either on the result of the insulation co-ordina
5tigation for high'voltage systems, or on the expectable temporary over-voltage, the over-voltage category,
RMS value aof the working voltage, whichever is the higher.

ns,

nst

the

arts

tion
the

tion
and

URCE+IEC 60664-1:2020, 3.1.18, modified — Symbol U; deleted. Words "value of the RMS

stand’ voltage" replaced with "RMS voltage value". Note 1 to entry clarified, and Notes

4 td

P to

entry added]

3.11.10
rated impulse voltage
amplitude of the impulse used as reference for the definition and the tests of insulation

cha

Note 1 to entry:

racteristics of a circuit

The rated impulse voltage depends either on the result of the insulation coordination investigation

for high voltage systems, or on the expectable impulse voltages from any origin related to the over-voltage category

and

on the peak value of the working voltage, whichever is the higher.
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3.11.11
over-voltage category
concept used to classify equipment directly energized from the mains supply network

Note 1 to entry: |IEC 60664-1 considers four categories of equipment:

category I: connected to a distribution circuit protected against a defined level of transient over-voltages;
category Il:  not permanently connected within the installation (any IPC);
category Ill:  permanently connected within the installation (any IPC);

category IV: permanently connected at the origin of the installation (nearest to the PCC).

3.11.12
bagic insulation
insyilation applied to hazardous live parts to provide basic protection against electric/shock

[SQURCE: IEC 60050-826:2004, 826-12-14, modified — The definition has been reformulats

%

d]

3.11.13
supplementary insulation
indgpendent insulation applied in addition to basic insulation for fault protection

Notg 1 to entry: Basic insulation and supplementary insulation are separate, ‘each designed for basic protegtion
agaipnst electric shock.

[SQURCE: IEC 60664-1: 2020, 3.1.31, modified — The noté.to entry has been added]

3.11.14
doyble insulation
insyilation comprising both basic insulation and .supplementary insulation

[SQURCE: IEC 60050-195:2021, 195-06-08]

3.111.15

reinforced insulation
single insulation of hazardous live“parts which provides a degree of protection against elegtric
shock equivalent to double insulation

Notg 1 to entry: Reinforced\insulation may comprise several layers which cannot be tested separately as basic
insujation or supplementary.insulation.

[SQURCE: IEC 60664-1:2020, 3.1.33]

3.11.16
pr%ective separation

seplaratioh between circuits by means of basic and supplementary protection (basic insulation
plus ‘supplementary insulation or protective screening) or by an equivalent protective provigion
(for example reinforced insulation)

3.11.17

electrically protective screening

protective screening

separation of electric circuits and/or conductors from hazardous live parts by an electrically
protective screen connected to the protective equipotential bonding system and intended to
provide protection against electric shock

[SOURCE: IEC 60050-195:2021, 195-06-18, modified — The word "electrically" has been added
to "protective screening”, and the term "protective shielding" has been deleted]
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3.11.18

extra low voltage circuit
ELV circuit

circuit the voltage of which does not exceed 50 V AC and 120 V DC or the value specified in

the

Note 1 to entry:

relevant product standard

concept of extra-low volage, it is found in IEC 60050-195:2021, 195-05-24.

3.11.19

pro

tective extra low voltage circuit

PE
ele

Notd
con

3.1
saf
SE
ele

Noteg
con

3.1
The

LV circuit

ctrical circuit with the following characteristics:

the voltage does not exceed ELV;

there is a protective separation from circuits other than PELV or SELV;

there are provisions for earthing the PELV circuit, or its accessible conductive parts, or 4

1 to entry: In this document, the PELV circuit is defined as above for the voltage.tests in 7.2.2.2. For ger
ept of PELV system, it is found in IEC 60050-195:2021, 195-06-29.

1.20

pty extra low voltage circuit

LV circuit

ttrical circuit with the following characteristics:

the voltage does not exceed ELV;

there is a protective separation from circuits other'than SELV or PELV;

there are no provisions for earthing the SELY, Circuit, or its accessible conductive parts

there is a basic insulation of the SELV citcuit from earth and from PELV circuits

1 to entry: In this document, the SELV circuit is defined as above for the voltage tests in 7.2.2. For ger
ept of SELV system, it is found in IEC 60050-195:2021, 195-06-28.

P Principal letter symbols afhd subscripts

principal letter symbols.and subscripts are given in Table 1 and Table 2.

In this document, the volage range is defined as above for the voltage tests in 7.2.2.2. For general

oth

eral

eral
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Table 1 — List of major subscripts

Subscript Signification

0 (zero) At no load

C Commutating

D Direct current or voltage

F Dependent of frequency

H Pertaining to harmonic component of order 4

| Ideal

L Referring to line or source

M Maximum

M Pertaining to interharmonic component of order m

Min Minimum

N Rated value or at rated load

P Inherent

R Repetitive (over-voltage or peak current)

R Resistive

S Non-repetitive (over-voltage or peak_current)

SC Short-circuit

\Y Valve side

X Inductive

o Controlled value (by.delay angle)

Table’2 — Symbols
Symbol Quantity Reference tp
Clause 3 Terms
and definitiophs
d inductive direct voltage regulation due to converter transformer referred to Uy, -
e Inductive component of the relative short-circuit voltage of the converter -
transformer earnresponding to 7,

N Rated frequéncy 3.6.2
g Number of sets of commutating groups between which /,, is divided 3.6.8
h Order of harmonic 3.10.6
Iy Direct current (any defined value) -
1y, Rated direct current 3.6.9
Ly Rated continuous direct current (maximum value) 3.6.10
I4rRMN Intermittent peak maximum direct current 3.6.12
JATSVIN Peak maximum direct current 3.6.11
I RMS current on line side (of converter or transformer if included) -
Iy Rated value of /| 3.6.5
LN RMS value of the fundamental component of 7, -
I RMS value of harmonic order / of 7 -
I Rated value of current on valve side of transformer 3.6.6
)4 Pulse number 3.5.10
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Symbol Quantity Reference to
Clause 3 Terms
and definitions

Active power -
PN Active power on line side at rated load -
q Commutation number 3.5.9
Q4N Reactive power on line side at rated load -
Rgc Relative short-circuit power 3.9.9
s Number of series connected commutating groups -
Sedm Short-circuit power calculated at the AC terminals of the commutating arms -
Sg Short-circuit power of the supply source -
Schin Minimum short-circuit power of the supply source -
S Rated apparent power on the line side 3.6.7
Sy Value of S based on I, -
SN Transformer rated apparent power -
Uy Direct voltage (any defined value) -
Uy Conventional no load direct voltage 3.7.3
Ugbo Value of Uy, with trigger delay angle o 3.7.4
Ugbo Real no-load direct voltage 3.7.5
Uy Ideal no-load direct voltage 3.71
Uy Controlled ideal no-load direct voltage 3.7.2
Uy Rated direct voltage 3.6.8
Ugin Total inductive direct voltage regulation at rated direct current -
U, RMS value of harmonic ordéni of U, -
Un Ideal crest no-load voltage, appearing between the end terminals of an arm -
neglecting internal and-external voltage surge and voltage drops in valves, at
?ﬁ;orz?i.o remains the same at light load current close to the transition current.
U, Line-to-ling voltage on line side of converter or transformer, if any -
U\ Ratedyalue of U_ 3.6.3
U km Maximum instantaneous value of U, including repetitive over-voltage but -
excluding non-repetitive over-voltages
Ukm Maximum instantaneous value of U, including non-repetitive over-voltages -
ULt Maximum instantaneous value of [/_excluding transient aver-voltages -
Un Maximum of the sinusoidal waveform of the voltage (see 7.2.3.1) -
U,o No-load line-to-line voltage on the line side of the converter or on the valve side | -
of the transformer, if any
U Rated voltage on the valve side of the transformer 3.6.4
Xty Inductive voltage drop of the transformer in per unit -
a Trigger delay angle 3.5.11
ap Inherent delay angle 3.5.13
B Trigger advance angle 3.5.12
Extinction angle 3.5.14
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Symbol Quantity Reference to
Clause 3 Terms
and definitions

o Number of commutating groups commutating simultaneously per primary -
A Power factor 3.7.13
7 Angle of overlap (commutation angle) 3.5.5
v Deformation factor 3.7.15
?, Displacement angle of the fundamental component of /7. 3.7.14

4 |Operation of semiconductor power equipment and valve devices

4.1| Classification

411 Semiconductor converter

Semiconductor converters are classified as below.

b)

1)
2)
3)
4)

5)

1)
2)
3)
4)
o)

[Type of conversion and switching

Purpose of conversion

In a power system, the\converter changes or controls one or more characteristics such
the following:

AC to DC conversion (rectifier, identified as (power) rectification in IEC 60050-551:19
551-11-06);

DC to AC conversion (inverter, identified as(C)(power) inversion in IEC 600
551:1998, 551-11-07);

DC to DC conversion (direct or indirectt, DC converter, identified as DC (pov
conversion in IEC 60050-551:1998, 551-11-09);

AC to AC conversion (direct or indjrect AC converter, identified as AC (pov
conversion in IEC 60050-551:1998,:651-11-08);

switching (periodic or non-periodic).

NOTE 1 Other similar terms are used, e:g. "DC/DC conversion" for DC conversion or "AC/AC converter" fof
converter.

frequency (including zero frequency);
voltage levetor current level;
numbér-ef phases, phase angle;
flownof active power;

flow of reactive power, waveform;

\
]

[HY £ 1 2l
qualll.y vl 1iuau puwcet.

c) Type of valve turn-off

98,
50-
er)

er)

AC

as

A semiconductor valve device can be turned off either by commutation, implying that the
current of the arm is transferred to another arm, or by quenching, if the current of the arm
falls to zero before another arm is turned on. See Figure 1.

NOTE 2 Both types of turn-off can occur in normal operation of converters depending on the load. The
classification is based on normal operation, full load current.

NOTE 3 The types of turn-off can be characterized by the source of the turn-off voltage:

a)

external commutation (or quenching):
— line commutation (or quenching);

— load commutation (or quenching);
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d)

b) self commutation (or quenching, see also 4.1.2, Note 2):
— valve device commutation (or quenching);

— capacitor commutation (or quenching).

Type of DC system

Converters connected to at least one DC system can usually be wholly or partly classified
as current source (current stiff converter) or voltage source (voltage stiff converter)
depending on whether the current or the voltage on the DC side is smoothed. The
predominant internal impedance of a current stiff converter is high, while the predominant

internal impedance of a voltage stiff converter is low. A thyristor converter is generall
current stiff converter

y a

d)

NOT
conf

NOT

Thytistors and triacs do not have this property and have to be turned off by main circuit voltages and currents.

NOT

charnacteristic. Some of them. can have an "only few volts" blocking reverse characteristic.

4.2

4.2

from the AC to the DC side and inversion a power flow in the opposite direction.

For each mode of operation, in a current source system, the current is unidireetional,
the voltage polarity depends on the direction of the power flow. In a voltagecsource syst
the converse applies.

2 Semiconductor valve devices

e devices used in the power circuits of semiconductor converters are divided into
bwing categories:

non-controllable valve device with a conductive forward and a blocking revd
characteristic (rectifier diode);

valve device with a controllable forward switch-on (thyristor). Common name of this typ
valve device is "on-switched valve device";

valve device with a controllable forward switch=on and forward switch-off (turn-off thyri
(GTO), integrated gate-commutated thyristors (IGCT), power transistor, insulated g
bipolar transistor (IGBT)). Common name of this type of valve device is "switched va
device";

valve device which is controllable in.both directions (for example triac).

E 1 A valve device is controllable if it can be switched from the blocking to the conducting state by means
Fol signal.

E 2 Power transistors and turn=6ff thyristors can be turned off by a signal applied to or taken off the g

E 3 Depending on the type of semiconductor valve devices, they can have a conductive or a blocking rev

Basic operation of semiconductor converters

1 Commutation

Pov

or fhéquenching of the semiconductor valve devices, convert amplitude and/or frequenc
theLdﬁge—wﬁh?mm#mmwwmmb-m-mmm i

ver €lectronic converters are semiconductor converters which, by means of the commuta

For a converter connecting an AC system to a DC system, rectification implies a power 1|Iow

the

rse

of

1%

stor
ate
Ive

ate.

prse

ion
of

ion

or quenching is the basis of the function and the operation of a semiconductor converter. The
general performance is moreover defined by the converter connections of the semiconductor
valve devices (circuit topology) and their control.

The different types of commutations are defined in 3.4 and the characteristics of commutation
in 3.5. The definition differentiates between commutation which is a transfer of current from an
arm to another, and quenching which is the termination of the current within an arm.

Figure 1 gives an overview of the different types of commutations.
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arms?

342

Quenching

Current transfer between

Yes

Commutation
3.4.

1

No \/alve device? Yes No Al |vi|i:\ry am? Yes
External quenching Valve device Direct commutation Indirect commutation
3.4.15 quenching 343 3.4
3.4.14
No Yes

External means?

Self-commutation
3.4.10

Capacitor
commutation
3.4.11

capacitor?

Valve device?

Directly‘coupled

Yes

External commutation
345

No

Commutation
voltage from line?

Yes
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machine?

Valve device ) ] _
commuitation Load commutation Line commutatidn
3.4.13 347 346
Yes No From Yes

Inductively coupled
dapacitor commutation
34312

Capacitor commutation
3.4.11

Resonant load
commutation
3.4.9

Machine
commutation
34.38

Figure 1 — Types of commutation

IEC

The commutation is characterized by the waveforms of voltage and current and by angles (see
3.5.5, 3.5.11, 3.5.12, 3.5.14). Figure 2 illustrates these angles with a simple case of
commutating voltages from line. The top trace shows the rectified voltage and the bottom trace
shows an anode to cathode voltage. Figure 2 a) and Figure 2 b) are examples for p = 3 and

p = 6, respectively.
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Figure 2 a) — Three phase stariconnection Figure 2 b) — Three phase bridge converter
converter
Figure 2 — lllustration of angles

4.212 Basic.calculation factors for line commutated converters

4.212.1 Voltage

Thg ideal no-load direct voltage Uy; is obtained from the voltage between two commuta
phgses’U,, and the pulse number p by Formula (1):

ng

. T
Udi:UVOX 2)(%)(3”‘1; (1)

The controlled ideal no-load direct voltage Uy;, is calculated for different cases, first for uniform

connections (see 3.2.13, example with thyristors), and for non-uniform connections (see 3.2.14,
example half with thyristors and half with diodes).
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a) Uniform connection (fully controllable)

1) If the direct current is continuous over the entire control range:

UdiO( = Udl X COS o

2) If the converter load is purely resistive

b)

4.2

Bel
is Z
deq

At t

T V3
For 0< « < -
= ¥V
Udiot = Udi X COS «
For 2-Z< g <2
P 2 p

" 1-sin (a —=n/p)

U. = U
dio = Tdi 2 sin (n/p)

Non-uniform connection (half controllable)

Udiot = 0,5 X Udi X (1 + COS (Z)

2.2 Voltage characteristics and‘transition current

ends on the line side voltage.

over the eftire period, and

bw the value of the transition cursrent (mean value), and during the period where the curi
ero (instantaneous value),«the’ DC voltage only depends on the DC circuit and no lon

he transition currentiwalue, the voltage/current characteristic bends as is shown in Figur
Tw@ examples whergthis transition between voltage characteristics occurs are

back e.m.f. Ioads in which the inductance of the DC circuit cannot maintain direct cur

(2)

3)

(4)

ent
ger

b 3.

ent

in the case of interphase transformer connection, when the direct current decreases beflow
the critical value at which the interphase transformer becomes ineffective.
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Figure 3 — Voltage regulation

4.213 Disturbances and fault conditions

4.213.1 Immunity level of a converter
When a disturbance from any origin does not exeeed the immunity level specified (see|for
example Table 7, Table 8 and Table 9), the corresponding performance shall be maintained| no
los$ of performance, no tripping and no damage.)Table 3 defines the levels.
Table 3 — Performance criteria
Immunity level Symbol Performance criteria

Fupctional F No loss of performance

Tripping T No interruption of service due to protective devices

Damage D No permanent damage (fuses excepted)
Thg functional immunity level (F) of a converter is a combination of all the limiting levels of|the

varfous kinds ofteléctromagnetic disturbance level which said converter can withstand with

los$ of performance.

Thq tripping immunity level (T) of a converter is a combination of all the limiting levels of
varlous kinds of electromagnetic disturbance level which said converter can withstand with

intdrruption of service due to protective devices

The tripping immunity level is further divided into two sub-levels:

— tripping with automatic reset when the disturbance is over;

out

the
out

— tripping without automatic reset (requiring outside intervention for restarting, manual
resetting of a circuit-breaker, changing fuse, etc.).

NOTE 1 Automatic resumption of service needs consideration of safety aspects according to the application.

The damage immunity level (D) of a converter is a combination of all the limiting levels of the
various kinds of electromagnetic disturbance level which said converter can withstand without
sustaining permanent damage.
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4.2.3.2 Disturbances and compatibility

For electromagnetic compatibility (EMC), the semiconductor converters shall comply with
IEC 61000-6-1, IEC 61000-6-2 and IEC 61000-6-4 in general unless relevant product standards
are provided. EMC standards for semiconductor converters are provided to some products as
listed below:

IEC 61204-3 for low-voltage switch mode power supplies;
IEC 61800-3 for adjustable speed electrical power drive systems;
IEC 62040-2 for uninterruptible power systems (UPS);

NOT
intrg

IEC 62310-2 for static transfer systems (STS).

E 1 This document is not intended to define EMC requirements. It covers all phenomena and. therg
duces references to dedicated standards which are applicable according to their scope.

Conducted phenomena are distinguished between system-borne low-frequengy) disturban

and

a)

b)

converter-generated disturbances.

System borne disturbances

Disturbances attributable to a number of causes external to the converter, such as in
case of varying loads on the distribution system, switching transients, changes
configuration in the supply network, for which only statistical values can be specified.

NOTE 2 Examples of such disturbances are:

- overvoltages, switching transients, lightning strokes;

- voltage changes due to motor starting, capacitor switchings

—~ faults and fault clearing: single phase-to-earth, phasé:to-phase;

— quasi-permanent voltage unbalance, to be specified\in terms of negative to positive sequence ratio;
- frequency variation and phase displacement;

— ripple-control signals;

- harmonic and interharmonic components\of voltage and current.
Converter generated disturbances

Disturbances due to the non-linearity of the converter are generated by the operation of
converter.

NOTE 3 Examples of such disturbances are:

- harmonic currentss.insterms of order, magnitude and phase relationship, for specified operating conditi
taking into accgunt* the average, the "most likely" value and the maximum, occasional value for s
durations (for(example 1 min);

- commutation\riotches, to be specified in terms of width, depth, area;

- commutdtion repetitive transients, to be specified as short impulses in terms of energy, crest value, ra
rises etc.;

- non*repetitive transients which can be due to transformer inrush current, internal or external fault clea
efc.;

fore

ces

the
of

the

bns,
hort

e of

ing,

PO H bolE laf I 3\
mtermarmonmc CoMmpomeniS (1o cXxampre irequencyCcimangers);

— voltage dips and swells, to be specified as the difference of RMS value between consecutive steady-states.

NOTE 4 The listed disturbances are possibly produced by the converter under consideration or by other
converters and the actual level changes with the network impedance, at the point at which they are considered.

NOTE 5 For more information, refer to IEC TR 60146-1-2. For example, when many converters with large p

ulse

numbers and phase-shift transformers are used, the harmonic problem is possibly alleviated to a point where

the voltage changes become the main concern.
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5 Service conditions

5.1 Code of identification for cooling method

The cooling method is identified by letter symbols. They are arranged in a code form. The code
consists of two letters for direct cooling, and of four letters for indirect cooling.
a) Direct cooling

For direct cooling, the first letter indicates the cooling medium (see 3.8.1 and refer to
Table 4), the second letter indicates the circulation method (refer to Table 5).

EXAMPLE 1 AN, air cooled, natural circulation (convection).
b) [Indirect cooling

For indirect cooling, the same rule applies first to the two first letters corresponding to[the
heat transfer agent (see 3.8.2) and secondly to the two last letters corresponding to [the
cooling medium (see 3.8.1).

EXAMPLE 2 OFAF, converter with forced circulated oil (pump) as heat transfer agent and forced circulpted
(fan) air as cooling medium.

c) [Mixed cooling method

For both cases, direct cooling or indirect cooling, if the circulafion is alternatively naturgl or
forced, two groups of symbols, separated by a stroke, shall_indicate both possible methpds
of circulation as used, the first group corresponding withi.the lower heat flow or the lower
ambient temperature.

EXAMPLE 3 For direct cooling: AN/AF, converter with natural\direct air cooling and possibilities for forced djrect
air cooling.

EXAMPLE 4 For indirect cooling: OFAN/OFAF, conyernter with forced circulated oil as heat transfer agent|and
natural air as cooling medium, with possibilities for-forced air as cooling medium.

Table 4 — Cooling medium or heat transfer agent

Cooling medium or-heat transfer agent Symbol
Miperal oil o
Diglectric liquid (other than mineral oil-or water) L
Gals G
W4ter w
Air A
Fldid used for two-state cooling P

Table 5 — Method of circulation

Method of circulation Symbol
Natural, tconvection) N
Fofced,/moving device not incorporated E
F ofced;movingdevice mcorporated =
Vapour cooling \%

NOTE In most cases, the identification code for the cooling method is the same as that now in use for transformers.
5.2 Environmental conditions
5.2.1 Ambient air circulation

Indoor type equipment installed in a room shall be connected to the (unlimited) supply of cooling
medium or, if the cooling air is taken from the ambient in the room, provision shall be made to
extract the heat from the room, which then is considered as an intermediate heat-exchanger
between the equipment and the outside air.
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For assemblies mounted in a cubicle or cabinet, the ambient for the assemblies (internal air of
the cubicle or cabinet) is to be considered as a heat transfer agent and not as a cooling medium.
There is some reflection from the cabinet walls, which should be taken into account. Therefore,
for the cubicle or cabinet mounted assemblies, a higher ambient temperature has to be specified
and the clearance distances shall comply with the supplier’s specification.

5.2.2 Normal service conditions — Temperatures

The following limits shall apply unless otherwise specified.

a) Storage and transport temperatures

Minimum Maximum

Storage and transport -25°C +55 °C

These limits apply with cooling liquid removed.
b) |Operation including off-load periods, indoor equipment

Terpperature conditions are defined in Table 6, according to different cases.

Table 6 — Limit of temperature of the cooling mediam for indoor equipment

Conditions Cooling medium Minimum Maximum

°C °C

Temporary extreme temperatures of the cooling Air 0 40
megdium

Water +5 30

Oil -5 30

Dajly average Air 30

Yeprly average Air 25

5.2{3 Other normal service’ conditions
Operation including off<load periods are intended under the following limits.

a) [Relative humidity.af the ambient air for indoor equipment
Minimum: 15\%.

Maximum:{standard equipment is designed for the case where no condensation can ocgur.
[The case’of condensation shall be treated as unusual service conditions (see 5.2.4).

b) |Altitude

c) Dust and solid particle content for indoor equipment

Standard equipment is designed for clean air (IEC 60664-1, pollution degree 1). Any other
conditions are to be specified by the purchaser as unusual service conditions (see 5.2.4).

d) Outdoor equipment

Operation including off-load periods for outdoor equipment shall be specified by the
purchaser.


https://iecnorm.com/api/?name=f2970496cd705c200598ef6b4a65d6d7

IEC 60146-1-1:2024 © |IEC 2024 - 47 -

5.2.4 Unusual service conditions

The service conditions are assumed to be those listed under normal service conditions. The
following list is an example of unusual service conditions that shall be subject to special
agreement between purchaser and supplier:

a)
b)

c)
d)
e)
f)
9)
h)

unusual mechanical stresses, for example shocks and vibrations;

cooling water which can cause corrosion or obstruction, for example sea water or h
water;

foreign particles in the ambient air, for example abnormal dirt or dust;

ard

5.3

Th

€

rati

Conversely, dhe' purchaser shall specify the type and characteristics of the load in

pro

Ex

A

g

salt air (for example proximity to the sea), high humidity, dripping water or corrosive gas
exposure to steam or oil vapour;

exposure to explosive mixtures of dust or gases;
exposure to radioactive radiation;

high values of relative humidity and temperature similar to those associated with sub-trop|
or tropical climatic conditions;

fluctuations of temperature exceeding 5 K/h and relative humidity changes exceed
0,05 p.u./h;

altitude more than 1 000 m;

operation at ambient temperatures below +5 °C with water cooling;

operation at ambient temperatures below -5 °C with qil*cooling;

other unusual service conditions not covered by this.list or service conditions exceeding
specified limits of normal service conditions.

Characteristics of the load

supplier shall state the type of load for which the converter is designed and for which i

ng is valid:

resistive (W);

highly inductive (L);
motor (M);

battery charging (B);
capacitive (C);

regenerative (G))

spective application.

mples of loads which require to be specified in detail include:

es;

ical

ing

the

the

inductive load requiring voltage reversing and/or over-voltage protection, such as DC motor

fields, electromagnets, inductors with high X/R ratio;

energy-storing load such as storage batteries, capacitor banks, electrochemical process

cells, inverters;

hoists, unwinders and other regenerative loads which require means of handling
regenerated energy and protection against mains failure;

highly variable impedance loads with high rate of current rise.

the
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5.4 Service condition tolerances
5.4.1 Steady state and short time conditions

Unless otherwise specified, the converter shall be designed to conform to the requirements for
immunity to conducted disturbances specified by the following determinations.

Disturbance levels corresponding to the immunity levels include the disturbance effects of the
converter; however, if the converter improves the disturbance values, the disturbance levels
shall exclude the corresponding effects of the converter.

For|different AC or DC connections, different immunity classes or special immunity levels\may
be specified. If no immunity class is specified, class B in Table 7 shall be assumed toapply.

For|connected stiff voltages, the electric service conditions refer to IEC 61000-2-4. {EC 6100012-2
is also taken into consideration.

For| guidance on disturbance effects caused by line-commutated converters, see 4glso
IEQ TR 60146-1-2.

Thg immunity classes A, B, C defined in 5.4 correspond to the practice established, before|the
publication of the IEC 61000-2 series setting up the compatibility levels.

NOTE 1 While the IEC 60146 series establishes immunity classes fromnthe highest immunity to the lowest (A, B, C
decreasing immunity), IEC 61000-2-4 sets classes of compatibility levels from the lowest values to the highest
(clagses 1, 2 and 3 with increasing values of compatibility levels):

NOTE 2 For these low frequency phenomena, the margin between the compatibility levels and the immunity Igvels
can have significant consequences on the design. This is.ithe responsibility of the manufacturer to define their mgrgin
accqrding to the tolerances resulting from their design and according to their manufacturing process. Therefore,
therg is no margin planned in the standard requirements!

Immunity class A The immunity levels of class A apply to the compatibility levels of clags 3
of IEC 61000-2-4:2002 excluding dips and short time interruptions (which
are not admissible at most converters) and additional immunity leyels
defined in_Table 7, Table 8 and Table 9.

Immunity class B The immunity levels of class B apply to the compatibility levels of clags 2
of {EC 61000-2-4:2002 excluding dips and short time interruptions (which
are’ not admissible at most converters) and additional immunity leyels
defined in Table 7, Table 8 and Table 9.

Immunity clags-€ The immunity levels of class C apply to the compatibility levels of clags 1
of IEC 61000-2-4:2002 excluding short time dips (which are not admissjble
at most converters) and additional immunity levels defined in Table 7,
Table 8 and Table 9.

The defined immunity levels are summarized in Table 7 for frequency and voltage amplitude,
Table 8 for voltage unbalance and Table 9 for voltage waveform. Compatibility levels defined
in IEC 61000-2-4:2002 are also shown in italics for reference.

Deviations from the defined immunity levels and additional immunity levels should be specified
for the individual equipment and application.
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Table 7 — Immunity levels to frequency and voltage amplitude
for stiff AC voltage connections

Disturbance Applicable Immunity class Performance
values of criteria @
IEC 61000-2- A B c
4:2002
Frequency tolerance
Range (%) 12 B2=+2" +1 F
B1 = #1
Rat £ Iy LO/ [\ Wiks ] | | =
[Rete-etehange{%rs) +2 +4 +4 f
Vo‘tage amplitude tolerance
a) | Steady state AU/Uy (%) +10to-10 |+10to -10 | +10to -5 F
Cofnpatibility levels IEC 61000-2-4:2002 ¢ Table 1 +10 to -15 +10 18
b) | Short time (0,5 to 30 cycles)
up to rated values
— Rectifier operation only (%) - 15 +15to -10 [+15'to —10
— Inverter operation (%) - 15 +15 to =10 +15 to
-7,5

Forloverload conditions, other limits shall be specified separately.

NOJTE 1

NOJTE 2 A decrease in frequency is assumed not to coincide with an-increase in line voltage and vice versa.

NOJTE 3 Short-time AC voltage variations are not expected t0)oecur more frequently than once every 2 h.

Compatibility levels defined in IEC 61000-2-4:2002 are shownhinvitalics for reference.

special control arrangements.

¢ |Electromagnetic environment classes 3, 2,“1.

The compatibility level for industrial networksclass 2, according to IEC 61000-2-4:2002, is =1 %.

For definition of the code, refer to Table 3. Within certain limits to be specified, the possible consequence T
may be replaced by F, in particular if, by a requirement\to be inserted in the specification, the purchaser requires

Table 8 — Immunity levels to voltage unbalance for stiff AC voltage connections

Disturbance Applicable Immunity class Performange
IE‘E:aIGU‘IeOSO(())TZ- A B c criteria 2
4:2002

Voltage unbalance‘factor UneglUpos
a) | Steady.state (%) 5 5 2 F
Cofnpatibility levels IEC 61000-2-4:2002 ° Table 1 3 2 2
(overany 10 min)
b) ~Short time

— Rectifier operation only (%) - 8 5 3

— Inverter operation (%) - 5 5 2

NOTE 1

Compatibility levels defined in IEC 61000-2-4:2002 are shown in italics for reference.

NOTE 2 The higher values specified for short time can lead to, for example, excessive ripple on the DC side and

uncharacteristic harmonics on the AC side.

NOTE 3 Short-time voltage unbalances are not expected to occur more frequently than once every 2 h.

a

b

For definition of the code, refer to Table 3.

Electromagnetic environment classes 3, 2, 1.
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Table 9 — Immunity levels to voltage waveform for stiff AC voltage connections

Disturbance Applicable Immunity class Performance
values of criteria @
IEC 61000-2- A B c
4:2002

Voltage waveform

a) total harmonic distortion THD (%) 25 10 5 F
Compatibility levels IEC 61000-2-4:2002° Table 5 10 8 5
b) individual harmonic distortion
stepdy-state odd (%) 8 6 3 E
even (%) 2 2 1 F
Cofnpatibility levels IEC 61000-2-4:2002°
1 order 5 (%) Table 2 8 6 3
+ other odd orders See See See
excluding multiples of 3 Table 2 IEC 61000- | IEC 61000 | IEC.61000
) 2-4:2002 -2-4:2002 | -2-4:2002
1 Mmultiples of 3 Table 3 Class 3 Class 2 Class 1
4+ even orders Table 4

c) | commutation notches (steady state)

+ amplitude (% of U,

LWM) - 100 40 20 T

1+ area (% of U, x degree) - 625 250 125 T

LWM

NOITE 1 Compatibility levels defined in IEC 61000-2-4:2002 aresshown in italics for reference.

NOJTE 2 The area of a notch is approximately constant fora given DC current and Rg. The width and depth Jary
with the trigger delay angle (a).

NOJ[TE 3 If several converters are connected to théxsame converter transformer terminals, the total area of| all
notches over one period of the fundamental is not\expected to exceed four times the area given above for pne
prinjcipal commutation notch.

2 |For definition of the code, refer to Table™3.

b Electromagnetic environment classes*3, 2, 1.

5.4)2 Repetitive and non-repetitive transients

A typical waveform-of-repetitive and non-repetitive transient is shown in Figure 4. The follow
characteristics shall’be specified as far as possible:

ng

a) [ransient€nergy available at the converter terminals (J);

b) risetime, (from 0,1 p.u. to 0,9 p.u. peak value) (ps);
c) |peak value U gpm/ULwm (p.u.);
d) peak value U /U \wm (p.u.);
e) duration above 50 % of the peak measured from the sine wave (us).

Item e) describes the duration of the non-repetitive transient voltage denoted by U, gy in

Figure 4. The duration is defined by the parameters "¢" and "#" in the waveform. "a" shows 50 %
of the amplitude of the non-repetitive voltage above the "sine wave", the sinusoidal part in the
waveform. "t" is the width of the non-repetitive transient measured at "¢" from the sinusoidal
part as shown in Figure 4.
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NOT

6.1
a)

b)

Figure 4 — AC voltage waveform

E For additional information on AC voltage waveforms, s€e IEC TR 60146-1-2.
Power conversion equipment and assemblies

Electrical connections
Standard design converters

Considering the need for simplification in the common case of standard design conver
covering the majority of users requirements, two types are considered in Clause 6:

1) converters without transformer;
2) individual transfarmer converters.

In both cases, single phase and three-phase supplies are considered (p = 2, p = 6)
uniform connection.

In case 2)/twelve-pulse converters and dual six-pulse converters require two second
windings (valve side windings) with star (Y) and delta (D) connections, respectively.

Special design converters

ers

vith

ary

For”converters subject to special agreement between the purchaser, the supplier

and

6.2

possibly the supply authorities because of their rating or special requirements or mode of

operation, refer to IEC TR 60146-1-2:2019, which also gives other types of poss
connections for particular applications.

Calculation factors

6.2.1 Essential variables

ible

Table 10 gives the value of some calculation factors for the most used connections of line
commutated converters. IEC TR 60146-1-2 gives the calculation factors also for some other

con

nections.


https://iecnorm.com/api/?name=f2970496cd705c200598ef6b4a65d6d7

- 52 - IEC 60146-1-1:2024 © |EC 2024

Table 10 consists of 17 columns.

b)

Column 1 gives a reference number to the connection.

Column 2 defines the transformer connections on the line side.
Column 3 defines the transformer connections on the valve side.
Column 4 shows the converter connections (schematics).
Column 5 is the pulse number p.

Column 6 is the commutation number ¢ (on a commutating group).

Column 7 gives the line side fundamental to dc current factor 7, /1.

Column 8 gives the line side current factor.
Column 9 gives the valve side current factor.

Column 10 gives the voltage ratio Uy/U,q.
Column 11 gives the voltage ratio Uj/Uy;.

Column 12 gives the parameter for inductive voltage regulation (seg€_Formula (10)).
Column 13 gives the short-circuit transformer connections for_tfansformer test.
Column 14 gives the short-circuit transformer connections for transformer test.
Column 15 gives the short-circuit transformer connectionsAor transformer test.
Column 16 gives the transformer guaranteed losses.

Column 17 gives the transformer guaranteed short:circuit impedance.

Voltage ratios

[The voltage ratios are:

Uim

Ugi

regarding\the ideal no-load direct voltage, and the ideal crest no-load direct voltage.
Line-side current factor
[The/line side current factor is the quotient of the RMS value I, of the current on the

(6)

(7)

ine

side of the converter and the direct current /4. The line side current factor is indicated in

Table 10 on the assumption of smooth direct current, rectangular wave-shape of the
alternating currents and on the following voltage ratio for single or double-way connections:

UL
UvO

=1

where
U, is the phase-to-phase voltage on the line side;

U,

vo is the voltage between two commutating phases on valve side.

(8)
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The line side current is approximately:

UVO
L

IL :[l'_X

9)

c¢) Nominal inductive voltage regulation

The nominal inductive voltage regulation may be calculated from the value of X; by means
of Formula (10):

dxtNZ%Xthfjd—; 10)
where
o is the number of sets of commutating groups between which/yy is dvided;
/4N IS the rated direct current;
" is the commutation number;
s is the number of commutating groups in series;

Uq; is the ideal no-load direct voltage;

0 is the number of commutating groups commutating simultaneously per primary.
The parameter below used in Formula (10) is listed in Table 10, column 12.

OXqgxs

11
o )

X;  is the transformer commutating reactance measured according to IEC 61378-1:2011,
7.2.

Ugi is calculated from'U,, with the parameter of Table 10, column 10. In case of the 6-pU

32

converter, Uy =——U,q-
T

se

For details;see IEC TR 60146-1-2:2019, 4.7.2.4.
d) [Transformer losses and short-circuit impedance

[Table’10 gives the transformer guaranteed losses and the transformer guaranteed shprt-
circuit impedance. For details, see IEC TR 60146-1-2:2019, 4.4.7 and 4.4.8, respectively.
They are originally defined in the IEC 61378 series, the converter transformer standards.

e) Short-circuit conditions

Usually, the protection of the converter is such that a short-circuit is cleared in the shortest
possible time. Some applications, for example converters for railway fixed installations,
require the converter to withstand the DC short-circuit current for the breaking time of the
output circuit-breaker which can be as long as 150 ms. In such cases, specific calculation
ratios take into account the large angle of overlap which introduces multiple commutation.
This is covered by dedicated standards (see IEC 62589).
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2 Losses and efficiency

2.1 General

The efficiency of converter assemblies or equipment shall be declared as power efficiency.

The efficiency may be determined by a measurement of AC and DC power at normal load
conditions or by a measurement of internal losses in a short-circuit test and a light load test or
by a calculation of internal losses, at the choice of the supplier.

in the factory or in the laboratory. The loss calculation is performed in such cases based on the actual

me
exal

The

In d
(PQ
loss
con

6.2
The

a)

b)

d)
e)
f)
9)
6.2
The

NOZLE The Toss evaluation by calculation can be applied for the large converiers which practically cannot be tejsted

urement of the assemblies or on the authorized calculation procedures in relevant product standards: Aty
hple is the HVDC converter, of which loss determination is specified in [IEC 61803.

apparatus included in the determination of the over-all efficiency shall be stated.

ase of doubt as to whether the losses of a component of the power conversion equipmn
E) should be included or not, when calculating the efficiency, it shall be stated whether
es in it are included in the declared efficiency. For certain components in the po
version equipment, 6.2.2.2 and 6.2.2.3 shall be considered.

2.2 Included losses
following losses shall be included when determining the efficiency:

internal losses in the assembly such as losses dnysemiconductor valve devices, in fus
potential dividers, current balancing means, capacitor resistor damping circuits and volt
surge diverters;

losses in transformers, transducers, interphase transformers, current limiting and balang
reactors between transformer and thyristor or diode assemblies and the losses of the
side auxiliary transformers and reactors forming part of the equipment and delivered un
the same contract;

losses due to main connections between transformer and assembly for the case w
transformer and assembly are*built together and delivered as a unit;

unless otherwise specified;
losses in series smoothing reactors, when supplied by the supplier of the PCE;
losses due to circulating currents in double converter connections;

power consumeéd by the trigger equipment (see 3.1.17).
2.3 Not included losses

following losses shall not be included when determining the efficiency but shall be stg
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power absorbed by auxiliaries such as permanently connected fans or pumps and relpys

ted

sep

arately if requested and if the apparatus concerned is supplied by the supplier of the P(

PE:

a)
b)
c)

d)
e)
f)
9)

losses due to the main connections between transformer and the assembly when delive
as separate units;

losses due to the main connections to circuit-breakers, disconnectors, switches and to
load;

red

the

losses in circuit-breakers, disconnectors, switches and in control gear other than the items

mentioned in 6.2.2.2;

losses due to heating and ventilation of the building and in the cooling supply;
losses in the series smoothing reactor, when not supplied with PCE;

losses in system control equipment (see 3.1.18);

losses due to auxiliary apparatus which operate only intermittently.
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6.2.3 Power factor

As the line current to a line-commutated converter contains harmonics, it is important to state
the kind of power factor meant when a specification for a guaranteed supply power factor is
written.

Reference is made to the power factor of the fundamental wave or displacement factor cos ¢y,
unless otherwise specified (see 3.7.14).

For pulse numbers higher than 6, the difference between the total power factor 1 and the
displacement factor cosg,q is small, but for lower pulse number the difference is significant.

Unless otherwise stated in the contract, for multi-phase converters supplying inductive Idad,
the|manufacturer guarantees shall be given on the displacement factor cos¢,.

NOTE In such a case, calculation is adequate to get reliable figures of the displacement factor under the condjtion
of symmetrical control.

For ponverters supplying mainly battery chargers or capacitive loads, the total power|factor is calculated in gengral.
Whgn exact calculations of the displacement factor or of the total power factor-are required, knowledge of many
pargmeters is necessary, including line impedance. For such calculations, refertoJEC TR 60146-1-2.

The|formulae described in 6.2.3 can be applied on the assumption of smeoth/direct current and rectangular whve-
shape of the alternating current.

When the actual direct current and output direct voltage of a line-commutated converter is
known, the following formulae give approximate valuges:

Agtive power P=Uy* Iy 12)
Fundamental apparent power S1=Uq; * 1y 13)
Displacement factor cosgpq = PIS, 14)
Flndamental reactiveipower Q4= |S%-P? 15)

Thgse formulae normally give sufficient accuracy to calculate cos¢, and also the amounf of
caplacitors™needed to correct the power factor to a specified value.

Referto IEC TR 60146-1-2 for more details, if required.

6.2.4 Voltage regulation

The following refers to standard design (connection no. 8 in Table 10), line commutated, three-
phase, uniform, double-way connection converters with transformer or line reactors. Here, some
usual cases are considered.

a) Resistive direct voltage regulation

Resistive direct voltage regulation Uy, is approximated by Formula (16) using losses in
components P,.
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P
(16)

Ugr =—
14N

The term "components"” includes transformer windings, series reactors, smoothing reactor,
diodes, thyristors, fuses, etc.

Inductive direct voltage regulation
The inductive voltage regulation including the effects from the reactances of the supply

source and the feeder cable or line is calculated as below based on Formula (10).

dyiN = X Xoum X —— 17)

where
oum = X; + XL+ X', the sum of the reactances below:
Xi is the commutation reactance of th@ converter transformer sgen

from the valve side;

2
U . , ,
X' = [Loj x X, is the reactance of the gable or the line seen from the valve gide

through the converter transformer;

2
U . .
X'c :[ VOJ x Xc is the reactance of the supply source seen from the valve gide

through the converter transformer.

For other symbols and parameters in Formula (17), refer to the explanations |for
Formula (10). For details, see {IEC TR 60146-1-2:2019, 5.1.3.

Influence of other converters

If several converters dre“fed from the same supply transformer, this usually causes| an
additional voltage drop. If required by the contract, the detailed calculation may| be
performed using the'rating, type of connection and other particulars of the other converters.

In the simple ¢aseé of several independent, identical converters, the maximum additignal
voltage dropihmay be estimated using the total apparent power of all the converters,
assuming{the same value of the trigger delay angle «a.

Twelve-pulse converters
Inthe’ case of two series connected six-pulse converters, one fed from a star (Y) and|the

other from a delta (D) secondary winding, each six-pulse converter is considered separatgly,

neglecting the primary leakage reactance, which is usually much smaller than the secondary
reactance for transformers designed for the purpose and adding the individual voltage
regulation.

Boost and buck connection converters (series connection)

Using the same assumption as above, the voltage regulation depends on the operating point
and each six-pulse converter shall be treated separately. The DC voltage and voltage
regulation add up (algebraically if one of the converters is in the inverter mode).

This approximate method may also be used for three-phase, double-way non-uniform
connections (for example three thyristors, three diodes or six thyristors, six diodes).
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Electromagnetic compatibility
1 Harmonics

1.1 General

In this document, the power frequency is taken as the fundamental frequency of the harmonics.

For

6.3.

details, see Annex B.

1.2 Order of harmonics in line current and voltage
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commutated converters. The resonance between the source impedance and the capaci

(ing
cur
har

uming perfect symmetry of the supply voltages, trigger delay angles, transformer ratio

(Y) and delta (D) windings, the following apply for three-phase uniform connedg
verters.
order of characteristic harmonics depends on the pulse number p:

h=kpt1 k = integer (1...n)

corresponding frequency is related to the fundamental freguency f; by:

Jh=hx [

ject to the mains frequency variations.

E 1 Due to small errors in star (Y) and delta (D) winding voltages (integer number of turns), supply vol
lance, trigger delay angle error and other manufacturing tolerances, twelve-pulse converters usually pro
aracteristic harmonics which can range from 0,05 p.u. to 0,15 p.u. of the value for a six-pulse converter (p
e same rating.

E 2 Sequential gating or non-uniform, dual six-pulse converters can produce harmonics up to 1,0 p.u. o

retical value for the equivalent( six-pulse converter depending on the trigger delay angle and transfo
ndary phase shift, if any.

1.3 Amplification of harmonic currents on the line side

ver capacitors (may be used for power factor compensation both of AC motors and |

luding the) cable capacitances, especially for MV systems) may amplify the harmd
ents and voltages. These resonances may be shifted to lower frequencies (below the
monic).by providing reactors in series with the capacitors.
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6.3

44— Direct-voltage-harmonic—content

For perfectly balanced supply voltages, trigger delay angles, etc., the frequency of the direct
current and the direct voltage harmonic content is given by:

fhide =k x p x [y k = integer (1...n) (20)

The negative sequence voltage produces an additional harmonic component at a frequency
2 x f;, which cannot be cancelled by an appropriate design of the converter unless a large

smoothing reactance or DC output filter is added.
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As a result of the harmonic content of the voltage on the DC side, the DC current also contains
ripple. For converters supplying capacitor banks or storage batteries (battery chargers), the
counter e.m.f. may be equal to the direct voltage average value, in which case the direct current
is discontinuous and an appropriate trigger equipment is required.

6.3.2 Other EMC aspects

Beside harmonics, which represent the main EMC concern for line commutated semiconductor
converters, the risk of interference with in-plant low current control and communication lines,
or with telephone and communication links shall be considered. The following only gives general
advice and it is reminded that as indicated in 4232 all aspects of plpr‘fmmagn tic

conhpatibility (EMC) for certain semiconductor converters are discussed in dedicated standafrds.

Thg purchaser should specify any special requirements in the enquiry or, failing this; spegify
thelinstallation site, the type of supply system, the intended use of the conwgerter and| all
parficulars that can have an influence on the actual electromagnetic compatibility (EMC)
reqlirements.

a) [Interference with in-plant, low current control and communication lines

Cable routing, filtering, feed-back cables and low current cables, etc., where such fare
installed by the purchaser, should be in accordance with any.instructions provided by [the
supplier and also publications by IEC TC 77 and local autherities.

b) |Interference with telephone and communication links

Standard design industrial converters or special design,'converters for industrial application
are not usually designed to meet the emissionSrequirements applicable to equipment
intended for use in residential environments, stich as those specified in IEC 61000-6-3.
Emission limits are given in the dedicated product EMC standards, see 4.2.3.2. Wherg no
product EMC standard exists, the equipmentshould comply with the product family standard
CISPR 11 or the relevant generic emission standard, such as IEC 61000-6-4| or
IEC 61000-6-8.

6.4 Rated values

6.4)1 General

Rated values of a converter shall be given either as standard design values for general purppse
conyverters or as closely as'possible according to the load that it is intended to serve. The ratings
of the converter are nat valid if the load is changed to a load for which the converter is|not
intgnded.

In the specification of the converter, the character of the load shall also be specified.

It is|noted that this document will not take precedence over a specific product standard. Namgly,
considering the fact that the load characteristics vary application by application, requiremgnts
for Ja<product shall be specified by its appropriate product standards where applicable. [For
example—+reguirementsforadiustable-speed-motor drivesinapplications—such-asroling mills,

paper mills, mining hoists, etc. are given in IEC 61800-2 and IEC TR 61800-6.

6.4.2 Rated output voltage

The rated output voltage shall be the continuous operating voltage assigned by the supplier.

The maximum output voltage shall comply with the dynamic requirements of the intended use
or shall be separately specified by the purchaser.

NOTE A line-commutated converter frequently needs to be designed for a maximum direct voltage higher than the
rated direct voltage (for example, in the case of field excitation of DC machines or synchronous machines, it is
designed for a multiple of the rated direct voltage) in order to allow a margin for control, voltage regulation, AC line
voltage variation compensation. This can result in a rated apparent power for the converter transformer, which in
some cases greatly exceeds the rated output of the converter.
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In the absence of such a specification, the rated direct voltage shall be maintained at all values
of current up to the rated direct current for the specified limits (see 5.4, service condition

tolerances) at the line terminals of the converter.

A line-commutated converter shall perform without service interruption at its rated values, un

der

any operation mode (as rectifier or inverter) and throughout the service condition tolerances. A

lower voltage may be negotiated for AC systems subject to heavy fluctuations, with

the

recommendation that the safe level of inverter operation should be set lower than the expected

minimum alternating voltage on line side (see 5.4).

6.4 u valu
6.4/3.1 Current values to be specified

Eagh PCE shall have an assigned value for rated current, together with a specified*duty cl
unlgss the rated ~current is related to continuous duty (seel\duty cy
IEQ 60050-151:2001, 151-16-02). Additionally, the assemblies shall have an assigned valug
rated continuous current. This assigned value is the rated continuous direct current (maxini
vallie) Iyyn (see 3.6.10)

Independently of the duty class for the converter, the converter and)its constituent assemb
shdll be capable of withstanding fault currents within the limits“permitted by the protec
eqlipment (example fuses) as recommended by the convérter supplier. This applies to
opgrating conditions up to and including maximum loading;

Independently of the duty class for the converter, the converter and its constituent assemb
shdll be capable of withstanding over-currents of such magnitude and duration as is necess
to allow the automatic load regulating equipment or over-current protective equipmen
opdrate (over current electronic protection).

6.4/3.2 Short-time duty

A rated current may be defined for cantinuous and permanent condition as above, or for sim
loag¢l duty consisting of a constant Current associated with a single short duration peak curr
Tw@ equivalent methods may bé.used. For both cases, requirements of 6.4.3.1 apply.

a) [Rated current for peakioad duty

The rated current for peak load duty delivered by the PCE is compatible with a peak |
duty, provided thieypeak is followed by a no load period the duration of which allows
temperature of all parts of the PCE to fall to that correspondent to operation at rated di
current.

The value of direct current which the PCE can supply to its load for specified duration un
specified“service conditions, which includes a short-time peak direct current, is the rs
current for peak load duty. The duration and magnitude of the peak current (peak maximn
direct current Iyq)yN) and the minimum time of no-load before carrying any current shal
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specified, as defined in 3.6.11 and 3.6.13.
b) Rated current for continuous duty with superimposed peak loads

The rated current for continuous duty with superimposed peak loads delivered by the PCE
is compatible with an intermittent peak load duty, provided the minimum time between

applications of intermittent peak loads allows the temperature of all parts of the PCE to
to that corresponding to operation at rated direct current.

fall

The rated direct current for this duty is the value of direct current which the converter can
supply to its load for unlimited duration under specified service conditions and with
intermittently applied peak loads (Iyrpmn) Of specified magnitudes and durations. The

minimum time between applications of intermittent peak loads shall also be specified (see

3.6.12 and 3.6.14).
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Rated current for repetitive load duty (periodic duty)

The rated direct current of the PCE shall be specified as the RMS value of the load current
evaluated over the period of the load duty cycle. The duty class shall be preferably specified

as a sequence of current values together with their durations, as defined in 3.6.15.

Duty classes

6.5.1 Principles

6.5 is described assuming the line commutated converter applications, listed in Table 12, as

eX

mples where the loads have cyclic variation patterns.
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noted that this document will not take precedence over a specific product standard.Th
case where the load of a product has different characteristics from those ‘assun
ropriate product standards shall be applied.

practice it is difficult to know the expected load diagrams on which the"exact size ¢
verter depends, conventional diagrams which show constant current\values for speci
ations may be specified as follows.

A rjted current value shall be specified and valid only for a defined-duty class. If a convertg

igned to operate at different duty classes, separate rated current values have to be gi
each duty class.

D suitable standard duty class is found in Table 11,the“duty shall be specified based on
bement between purchaser and supplier. The rated current may be the RMS value of
btitive load duty cycle taken over the most onerous 15 min period, if not otherwise specif

le 11 contains standard duty classes, which specify current capabilities in terms of cur

vallies and durations.

The

current values specified in Table11 are each individually applicable after temperatu

havle been reached equivalent to continuous operation at rated current.

For

examples of load cycles, see Table 12.

Table 11 — Standard duty classes
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Duty class Rated currents for converters and test conditions for assemblies

(relative values in per unit of 7,,)

I 1,00 p.u. continuously

I 1,00 p.u. continuously
1,50 p.u. 1 min

11 1,00 p.u. continuously
1,50  p.u. 2 min
2,00 p.u.10s

v 1,00 p.u. continuously
1,25 p.u.2h
2,00 p.u.10s

\Y 1,00 p.u. continuously
1,50 p.u.2h
2,00 p.u. 1 min

Vi ,00 p.u. continuously

50 p.u.2h
3,00 p.u. 1 min
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6.5.2 Selection of duty class and rated current value

Different hypothetical load current diagrams giving assumed typical load conditions for the
standard duty classes are given in Table 12 together with an indication of applications for each
class.

For guidance in determining the rated current of the PCE, the expected load diagram shall be
examined.

The load conditions specified in Table 12 are less onerous than the rated current values

spwmwmmmmmmwmﬂnd
engures that rated peak of short duration (5 min and less) can, in almost all practical cases| be

safely applied as often as permitted by the longer time specified for the lower rated peak Ipad
curfent, the only restriction being that the time between two consecutive peak currents ig at
least 20 min. The restriction is due to the fact that the thermal time constant)of converter
assemblies is normally in the order of 2 min to 20 min, depending on the properties of |the
codling system.

For|duty classes IV and V, this will mean that the time periods and corrgsponding current values
may differ considerably without affecting the design of the transformer:

Tygdical load conditions of duty classes V and VI include recurfent two-step peak currents] as
shawn in the load diagrams, with interposed intervals of curténtamplitude I (p.u.). The curfent

amplitude /4 (p.u.) and the duration ¢ (min) are specified inithe tables and change in the codrse
of the day.

Table 12 — Examples of load cycles as-guidance for selection of duty class

Djuty class Most typical applications Assumed typical load conditions for the duty class
Load current in relation to the rated direct current
| Electrochemical processes, A
etc. 1,0
t f >
0 24 h t
IEC
Il Electrochemicat processes, | | 1_1,5 -1 min
etc. 1 rl—
1,0
| | >
0 24 h t
IEC
" Light industrial and light 20:10s
traction substation service \
1,5; 2 min
1,0 1 07
f } t >
% O 24 il 4

v Industrial service, heavy
duty
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Duty class Most typical applications Assumed typical load conditions for the duty class
Load current in relation to the rated direct current
\Y Medium traction substation T'=10 min
and mining -
Iy=15p.u. (2h) 420;30s
7 ) Ny}
=13 1,5;90s
; : >
0 2h t
IEC
Ig (p.u.) | T (min) [1g rms (p.u.)?
Ohto 2h| 1,23 10 1,36
2hto10h 0,8 15 0,94
10hto12h| 1.3 10 1,36
12hto24h| 0,7 30 0,79
\! Heavy traction substation 7= 35 min
l4=1,5p.u. (2h) I
2,5;60s

Id=1’2 1,5;905

\

IEC

Ig (p-u.)| T (mif) "d‘rms(P-”-)a

Ohto 2h 1,2 5 1,50
2hto 10h 0.8 6 1,26
10hto12h 1,2 5 1,50
12hto 24 h 0.7 20 0,93

a l4 rms 1S the RMS value over the load cycle.

6.5(3 Particular remarks for doubleiconverters

A dpuble converter may have either, a symmetrical load where the loading of the two convefrter
sections is symmetrical in the two directions of current flow or an asymmetrical load where|the
loadling of the two sections is different. For converter section of a double converter, see 3.3]10.

Theg requirements in 6.4.3 apply also to double converters. In the case of double converfers
with asymmetrical loading, each section shall be given separate duty cycles.

Special recommendations for double converters intended for adjustable speed motor drives
may be foundin*[EC TR 61800-6.

6.6/ Markings

6.614—~ General

Each PCE which is delivered as an integrally assembled unit and each assembly which is
delivered separately shall bear the following markings.
a) Clear indication of manufacturer or supplier
This indication may be given on the rating plate.
b) Indication of the type of equipment
The type of equipment is according to 3.2 and 3.3.

This indication may be given on the rating plate. The indication should, for PCE, include the
intended mode of operation, for example "adjustable rectifier equipment" or "inverter
equipment”.


https://iecnorm.com/api/?name=f2970496cd705c200598ef6b4a65d6d7

IEC 60146-1-1:2024 © |IEC 2024 - 65—

c)

Marking of the input and output terminals of the main circuit

The marking should express sequence of phases (if to be observed) or polarity respectively.

6.6.2 Rating plate

a)

b)

7

7.1

7.1

Rating plates of equipment and assemblies

The following information shall be provided with the product. For products not covered by

their own dedicated standards, the rating plate shall bear the following indications:
1) identification reference, manufacturer's type designation and serial number;

) number of input phases (including neutral. if connection to it is necessary) or "DC";

3) rated input voltage (called "rated direct voltage" in the case of inverters);
4) rated input current (called "rated direct current" in the case of inverters);
5) rated input frequency, if any;

7) rated output voltage (called "rated direct voltage" in the case of rectifiers);
8) rated output current (called "rated direct current” in the case af-rectifiers);
9) rated output frequency, if any;

range of output voltage (if the output voltage is adjustable);

range of output frequency (if the output frequency isadjustable);

type of duty or duty class;

only);

source;
16) the reference of this document:

plate, this dedicated standard takes precedence.

Additional information where appropriate

Some items may/beadded if appropriate, especially those listed below:
1) cooling method;

2) cooling)yrequirements (temperature, flow rate of cooling medium);
3) over-all mass, mass of cooling fluid, if any;

4) . degree of protection;

5)\displacement factor under rated conditions:

6) number of output phases (including neutral, if connection to it is necessary) or "D(

)
)
12) character of the load (for example counter e.m.fiinductive, etc.) if so restricted;
)
)

type of connection including "uniform" of\’non-uniform" respectively (for assemb
15) maximum permissible prospective symmetrical RMS short-circuit current of the po
On the rating plate of small equipment (300 kW and less and rated current not exceeg

5 000 A), items 4) and 10) t0/13) may be excluded. As stated in the Scope, wher
dedicated product standard;ter product safety standard defines requirements for the ra

P
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6) output characteristic curve symbol.
Tests for valve device assemblies and power conversion equipment

General

A1 Methods of testing

Semiconductor converters are frequently integrated in electrical equipment. The electrical
equipment includes auxiliaries necessary for operation of the converter itself, or even other
parts. It may happen that the semiconductor converter cannot be separated, even for testing.
In such a case, the assembly is named "power conversion equipment" (PCE).
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It is advisable for economical reasons to confine the performance of tests to those which are
considered necessary. This document is therefore arranged so that testing of large equipment
can be limited to tests in the manufacturer's works on the separate assemblies that are to be
shipped separately.

Other tests such as tests on large, complete equipment or tests on site are to be included if
separately specified.

Smaller equipment normally shipped as integral assemblies shall, however, be tested
completely before being shipped in accordance with these provisions.

7.1{2 Kinds of tests
Tw¢ different kinds of tests are necessary.

a) [Type tests

Type tests shall be performed to verify that the design of the product is appropriate to meet
the performance requirements specified in this document and/or those specified separatgly.

Some or all of the type tests may be repeated at specified intervals on a specified number
of samples to verify that the quality of the product is maintained:

b) |Routine tests

Routine tests shall be performed on each PCE or on its'sub-assemblies if they are shipped
separately, before delivery to verify that the requirements of this document are met.

7.113 Performance of tests

Theg tests shall be performed in electrical conditions equivalent to those in real service. If this
is pot practicable, the assemblies and equipment respectively shall be tested under sfch
conlditions as to allow the specified performance to be proved.

In gquipment tests, the assembly and other items of the equipment may be tested separately if
thig is more convenient. When tested\separately, the stack or assembly shall be supplied ffom
a transformer with a connection equivalent to that specified in the contract.

Unless otherwise agreed at the time of the contract, the AC supply and test voltages shall be
at rpted frequency except for the insulation test voltage which may be DC or in the frequency
range introduced in 7.2:2.3.

WhEn the purchaser or their representative desires to witness factory tests, they should so
spelcify in the order. If so agreed before order, the contract may specify that the supplier shquld
proyide a report of tests performed on the product.

Referencé may be made to type tests, previously performed, on an identical or similar prodquct
with test conditions at least equal to the requirements of the contract or of this specificatior).

The tests, unless otherwise agreed, shall comprise all the following items marked "x" in Table 13,
which are applicable to the assembly or converter.

The tests marked "(x)" in Table 13 shall only be performed if specifically agreed in the contract.
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Table 13 — Summary of tests

Test Type Routine Optional Specification
test test test subclause

Visual inspection X X
Insulation test X X 7.2
Light load and functional test X X 7.3.1
Rated current test X 7.3.2
Over-current capability test (x) 7.3.3
Mgasurement of the inherent voltage regulation (x) 7.3.4
Mgasurement of ripple voltage and current (x) 7335
Mgasurement of harmonic currents (x) 7.3.6
Poer loss determination for assemblies and X 7.41
eqliipment
Temperature rise test X 7.4.2
Pojver factor measurement (x) 7.4.3
Chlcking of auxiliary devices X X 7.5.1
Checking the properties of the control equipment X X 7.5.2
Chcking the protective devices X X 7.5.3
Immunity test (x) 7.6 a)
Ragdio frequency radiated and conducted (x) 7.6 b)
disfurbances
Mgasurement of audible noise (x) 7.7
Adgitional tests (x) 7.7

7.2 Insulation tests

7.2/1 General

To demonstrate adequate dielectric strength of the insulation system within the product, tests
are|to be conducted as typé test as well as routine testing. The insulation system is investiggted

by {esting safety critical components and solid insulation by means of three types of tests.

The different types of-tests cover different physical phenomena:

— JAC or DCwpltage test to cover the impact of temporary over voltages from the mains supply;

— Jimpulse\woltage test to cover the impact of impulse transient over voltages generated in|the

mains supply;

— |partial discharge testing of solid insulation to cover the impact of impulse over voltages,

Emporary Over voitages, as wett as Tecurting peaks across the msutation:

NOTE Impulse transient over voltages, temporary over voltages, as well as recurring peaks might cause partial
discharge inside the insulation material which can lead to its degradation.

Generally, the impulse voltage test and the partial discharge test are specified separately, see

7.2.3.2.

The selection of type test and the corresponding test voltages shall be based on the requirement
from IEC 62477-1 or IEC 62477-2, unless the relevant product standards are provided.
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The selection of routine tests and the corresponding test voltages shall be based on the
requirement from IEC 62477-1 or IEC 62477-2, unless the relevant product standards are
provided.

7.2.2 introduces the routine insulation tests. If any inconsistency is found with the IEC 62477
series, then the requirements in IEC 62477-1 or IEC 62477-2 shall take precedence.

For the relationship between the IEC 60146 series and the IEC 62477 series, see Annex B.

7.2.2 Routine insulation tests of power conversion equipment

7.212.1 AC or DC voltage test

If ppssible, an AC or DC voltage test shall be performed on the final assembly to.ensure that
the|manufacturing process has not affected the insulation coordination of thefproduct. Test
volflage shall be according to Table 14 or Table 15, as appropriate.

Thq test voltages in Table 14 or Table 15 cover routine testing of basic, supplementary, doyble
and reinforced insulation in addition to type testing of basic insulation.(See definitions 3.11]12,
3.1)1.13, 3.11.14 and 3.11.15).

NOTE The withstand voltage of double or reinforced insulation is higher than the withstand voltage of bhasic
insulation. However, in order to prevent damage to the solid insulation by partial discharge, routine testing uses jonly
one |evel of test voltage for basic, supplementary, double and reinforced inSulation, assuming that the validity of the
diffgrent systems has been duly verified by type tests.

Furlctional insulation is not considered unless specified'by the purchaser according to 7.2.3.2.

Terminals, open contacts on switches and semiconductor valve devices, etc. shall be bridged
whegre necessary in order to create a continugus circuit for the voltage test on the equipmeént.
Befpre testing, semiconductors and other ‘vulnerable components within a circuit may| be
dis¢onnected and/or their terminals bridged to avoid damage occurring to them during the test.

Wherever practicable, individual eomponents forming part of the insulation under test,|for
exdmple capacitors of high frequency filters, should not be disconnected or bridged before|the
tes{. In this case, it is recommended to use the DC test voltage specified in Table 14 or Tablg 15.

Where the equipment is_covered totally or partly by a non-conductive accessible surfacg, a
conductive foil to which' the test voltage is applied shall be wrapped around this surface| for
tes{ing. In this casg, the insulation test between a circuit and non-conductive accessible surface
may be performed as a sample test instead of a routine test. If a complete covering of [the
hoysing with @xmetal foil is not possible, a partial covering shall be applied at those spots which
are|considered relevant with regard to protection.

Printed circuit boards and modules with multipoint connectors may be withdrawn, disconnedted
or replaced by dummies during the AC or DC vaoltage test

This does not apply, however, to auxiliaries for which, in case of a dielectric breakdown, voltage
may pass on to accessible parts not connected to the housing or from the side of higher voltage
to the side of lower voltage. These are, for example, auxiliary transformers, measuring
equipment, pulse transformers and instrument transformers, the insulation stress of which is
equal to that of the main circuit.

Switchgear and control gear in main circuits shall be closed or by-passed. Auxiliaries not
galvanically connected to the main circuits (for example system control equipment, fan motors)
shall be connected with the housing during the AC or DC voltage test. During these tests, units
with housings consisting of insulating material shall be covered with metal foil. The foil is
regarded as housing when performing these tests.
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7.2.2.2 Performing the voltage test

The test shall be applied as follows:

test (1) between accessible conductive part (connected to earth) and each circuit

sequentially (except PELV or SELV);

test (2) between accessible surface (non-conductive or conductive but not connected to

earth) and each circuit sequentially (except PELV or SELV);

test (3) between each considered circuit sequentially and the other adjacent circuits

connected together;

Eith
NOT
insu
NOT
insu

voltg
voltg

7.2

The
fron

test (4) between PELV or SELV circuit and each adjacent circuit sequentially.

er the adjacent circuit or the PELV or SELV circuit may be earthed for this test.

E 1 It is described above to test basic insulation between PELV and SELV circuits. For~test of functi
ation between adjacent PELV or adjacent SELV circuits, see 7.2.2.1, third paragraph.

E 2 PELV/SELV circuits and other circuits of higher voltage are separated frompchassis (earth) by b
ation. It is typically impossible to test double or reinforced insulation separating low-voltage circuits from H
ge circuits in a fully-assembled equipment without overstressing the basic insulation. For this reason, the
ge for basic insulation is used for double or reinforced insulation as well.

23 Duration of the AC or DC voltage test

voltage test shall be performed with a sinusoidal voltage.of which frequency is in the ra
n 45 Hz to 65 Hz. If the circuit contains capacitors, the test may be performed with a

volfage of a value equal to the peak value of the specified AC voltage.

The

duration of the test shall be 1 min for type test and at least 1 s for the routine test. The

volfage may be applied with increasing and/or dec¢reasing ramp voltage but the full voltage s

be

For|

maintained for the specified duration.

the detailed requirements of the test\procedures and test circuits, refer to IEC 61180:20

Clauses 5 and 6.

The

7.2

AC
Tah

In T

test

test is successfully passediif no electrical breakdown occurs during the test.

2.4 Test voltages

le 14.

able 14,with U being the rated insulation voltage, for U between 0 V and 1 000 V, the

32

voltage equals (U + 1 200) V and the DC test voltage equals V2
T

x (U +1200) V.

onal

asic
igh-
test

hge
DC

est
hall

16,

or DC test voltages for equipment directly connected to low voltage mains are given in

AC
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Table 14 — AC or DC test voltages for equipment directly connected
to low voltage mains

For|

Rated insulation voltage Test voltages
\Y \Y
(see 3.11.9)
AC (RMS) DC
<50 1250 1770
100 1300 1840
150 1350 1910
300 1500 2120
600 1800 2 550
1000 2 200 3110
Interpolation is permitted.

higher voltage equipment, above 1 000 V AC and directly connected.to high voltage ma

AC|or DC test voltages are given in Table 15 (see 7.2.2.1).

For|

W

volfage equals (2,7 x U + 300) V and the DC test voltage equals V2

For|

DC

the test voltages in Table 15, the explanations are given below.

ith U being the rated insulation voltage, for U betweerk1°000 V and 7 200 V, the AC

32, (2,7 x U + 300)
VA

U between 7 200 V and 36 000 V, the AC*test voltage equals (1,8 x U + 7 200) V and

3V2

T

test voltage equals V2 x (1,8 x Ukx7 200) V.

Table 15 — AC or DC test voltages for equipment
directly'connected to high voltage mains

ns,

est

V.

the

Rated insulation voltage Test voltages
\ \
(see 3.11.9)
AC (RMS) DC
>1000 3 000 4 250
3 600 10 000 14 150
7 200 20 000 28 300
12 000 28 000 39 600
17 500 38 000 53 700
24 000 50 000 70 700
36 000 70 000 99 000
Interpolation is permitted.

For equipment not directly connected to the mains, the AC test voltages are given in
IEC 62477-1:2022, Table 29. Unless otherwise specified, the test voltage shall be agreed
between purchaser and supplier. The principle should be to define AC test voltage with an RMS
value not less than 1,15 times the total voltage used for designing the blocking capability of the
semiconductor devices which are the most exposed to over-voltages within the circuit. Where
DC voltage is used, the level of the test voltage should not be less than 1,63 times the total
voltage used for designing the blocking state of the most exposed semiconductor valve devices
to over-voltages within the circuit.
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NOTE The word "total" means that, in case of semiconductor valve devices mounted in series, the total voltage is
the sum of the voltages used for each semiconductor valve device, excluding the tolerance for voltage sharing
between the different devices.

7.2,

7.2,

3 Additional tests

3.1 Insulation resistance

One minute after the AC or DC voltage test, the insulation resistance is to be measured by
applying a direct voltage of a least 500 V. The insulation resistance should be not less than

1M

Q for voltage values of Uy, / V2 not exceeding 1 000 V.

For|
me

Grd

If wi
ste

7.2

Ins
upd

For|
with

volfage test if specified separately.

7.3
7.3
The

a)

hsurement of the insulation resistance is not necessary for routine tests.

ater is used as a heat transfer agent, the insulation resistance test may\be performed in
bs, without and with water. In the first case, the insulation levelshall meet the speci
vallie, while in the latter case it has to be specified separately.

Llation tests other than those specified in this document 'shall be performed only if agr

higher values of Uy / V2 , the insulation resistance should exceed 1000 Q/\% The

unding resistors, if any, shall be disconnected during the insulation tests.

3.2 Agreed tests

n prior to order.

high voltage converters 3,6 kV to 36 kV, when{the assembly is connected to the AC
out a converter transformer, an impulse test\may be performed in addition to the AC or

Functional test
1 Light load test and functional test
light load test and functional-test are carried out as follows.

Light load test

[The light load testis\earried out to verify that all parts of the electrical circuit and the coo
of the equipment operate properly together with the main circuit.

For the routine test, the converter is connected to rated input voltage. For the type test,
function of,the equipment is also tested at maximum and minimum values of the in
voltage (i 'series-connected semiconductor devices are used in the arms of the conver
the veltage sharing shall be checked. For a high voltage converter, this part of the light |
test'could be conducted at a lower voltage than rated. For low current equipment (/4 <5

fwo
fied

19%
@
o

ine
DC

ing

the
put
ter,
bad
A),

theest is not necessary.

b)

Functional test

The test load is chosen in such a manner that the required proof of performance is given.
During the test, it should be verified that the control equipment, auxiliaries, protection
equipment and main circuit are operating properly together. This could be achieved in

different ways depending on the type of equipment.
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7.3.2 Rated current test

The test is carried out to verify that the equipment will operate satisfactorily at rated current.

The DC terminals shall be short-circuited directly or with a reactor, and an alternating voltage
of sufficient value, to cause at least the rated continuous direct current to flow, shall be
connected to the AC terminals of the converter. During the test, the control equipment, if any,
and auxiliaries have to be supplied separately with rated voltage.

By proper co-ordination of control, if any, and applied alternating voltage, rated continuous
cur Ullt bild“ ;JU bauacu' tU ﬂUW t;lluug;l t;IU DC tGIIIIiIIdiD t'JIIuI UPGIdtiUII bild“ bU biIGbII'\UL . If
pargllel connected devices are used in the arms, the current division shall be checked.

WhEen it is more convenient, the current test may be replaced by a full load test"at rdted
altgrnating voltage.

7.3{3 Over-current capability test

Theg over-current capability test is a load test. Specified values of shant time over-current or
stafting up sequences of actual load are to be applied for the time_inté€rval specified. Specified
vallies of voltage and current are to be recorded. If this is a factory type test, then it shall be
carfied out in accordance with 6.4.3 and 6.5. The over-current capability test is performed
according to the second paragraph of rated current test (7.3¢2).

7.3/4 Measurement of the inherent voltage regulation

Theg converter shall be supplied with rated alternating vVoltage. Transducer control current, dglay
andle, etc., shall be set at a specified value and\direct voltage and direct current measured
whije the direct current is varied.

7.315 Measurement of ripple voltage and current

Thg measurements of superposed AC*voltage, superposed AC current, noise voltage or ngise
curfent on the DC side, if necessary, shall be specified separately.

NOTE DC ripple and AC unbalancé.of input or output of the equipment are noted in measurement.
7.3(6 Measurement.of -harmonic currents

Hed

Thg determination~oef harmonic currents on the AC side, if necessary, shall be speci
seplarately.

Hanmonic gmission may be determined by either:

e [direet/measurement, or

° Aloulation hvy validatad cimitlatinn
SHotHatHoh By—aHaatea-SHAthaHOH-

For converters included in low voltage equipment of rated input current greater than 16 A and
less than or equal to 75 A, IEC 61000-3-12 gives the requirements for a simulation to be
validated.

When a measurement is specified as a special test, the measurement methods and conditions
shall comply either with the relevant standard: IEC 61000-3-2, IEC 61000-3-12 according to the
AC rated current, or shall be agreed for higher values of rated current. In the latter case, it may
be agreed to perform the measurement on the test premises of the manufacturer under defined
conditions (example short-circuit on the DC side), or once installed at the customer site.
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The measurement of harmonic currents shall be performed

with measuring instruments and methods complying with IEC 61000-4-7,

disregarding individual harmonic currents below 1 % of the reference fundamental current,

and
recording the characteristics of the voltage source used to perform the measurem

ent

(voltage level and tolerance, frequency and tolerance, Ry, and impedance, voltage

unbalance in case of multiphase systems, harmonic voltages under no load conditions).

Results of the measurements shall be interpreted taking into account the characteristics of the

SO

Har
is O
7.4
7.4

7.4

drce.

monic voltage measurement depends on the whole installation and on the network.ifself
utside the scope of this document.

Losses, temperature and power factor
1 Power loss determination for assemblies and equipment

1.1 General

Los

ev
cal

Wh
foll

The
pos
loss

The

a)
b)

c)

d)

me{surements or by direct measurements. Power loss of ifdirectly cooled converters may
I

ses in the assembly and equipment may be determined €ither by calculations based

uated by measurement of the heat removed by the heat transfer agent (using
rimetric method) and estimation of heat flow through the housing of the converter.

bn loss measurement cannot be performed undér actual service conditions (rated load),
bwing methods may be applied.

power losses of the converter shall be. measured during a light load test (minimum |
sible) and a short-circuit test. The total losses of the converter are the sum of the light |
es and short-circuit losses from the/tests.

method is valid under the following assumptions and conditions.
The losses in the semiconductor valve devices in service, due to switching losses, off-s
and reverse current, are normally negligible.

The forward voltage drop in the semiconductor valve devices may be represented b
constant component plus a resistive component directly proportional to the current.

at the samevalue of direct current and with rectangular current waveform in the conve
arms in.the case of polyphase connections.

Saturable or non-saturable reactors built into the assembly and carrying valve side ph

currént or converter circuit currents may be included in the measuring circuits. The bia

and

on
be
the

the

bad
bad

ate

y a

The lossesin\service due to forward current are taken to be equal to those that would ekxist

rter

ase
5 of

saturable reactors should be adjusted to the value that will be required in normal opera
to supply rated direct voltage at rated direct current and rated voltage on the line side.

ion

e) For those load conditions for which efficiency is specified, the efficiency may be determined

f)

by measuring input and output power or by segregated loss tests.

For those load conditions for which a conversion factor is specified, this may be determined

by measuring AC power and DC output.

g) Increase of power losses due to existing line distortion or due to load increase is not

considered here.
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7.4.1.2 Methods of measurement

The methods of measurement prescribed here are based on the foregoing assumptions. The
test or tests may be performed in the normal ambient temperature prevailing in the supplier's
premises. Forward loss measurements shall be made when all parts of the converter assembly
have reached stable temperature carrying the rated direct current.

When the converter transformer is included in the power loss measurement, the measurement
shall be in accordance with the converter transformer standard.IEC 61378:2011.

NO'I'I: 14 HNI k. i £ ] -+ I taod = H H P + Iy t3 HP-Y
ISP OSSiorethetraR SO e 0SSRt et B e Corfre e e ConRStaergTSTempPeratufreenatratteiSteSs

7.4{1.3 Test circuits

Guidance on connections which may be used for test purposes is given in IEC TR60146-112.

In gll cases, the losses that will occur in service in voltage dividing resistors; damping circpits
and surge arrestors, if any, are to be calculated and added.

7.4/2 Temperature rise test

Thg temperature rise of the converter shall be determined undertest conditions given for|the
curfent test under the cooling conditions, which are least favoeurable. If the test is conducted at
a Ipwer temperature than the maximum specified, corréctions have to be made. The
temperature rise test is not limited to the main circuit.

Whenever possible, the temperature rise test should*be conducted at rated load conditions

In qther cases, the test shall be conducted ac¢ording to 7.3.2 and by adding temperature fise
dud to switching losses.

Thg temperature rise shall be measured at a specified point and the result shall be used to
ver(fy the design of the cooling system.

If the converter is rated for other than continuous load duty, the transient thermal impedapce
shall be measured for the /main circuit components and for the cooling system. The test shall
be |performed for several~of the components including those operating at the highest
temperature.

Thg temperature rise at a specified point on the semiconductor valve devices shall be recorded.
Theg rise of virtual junction temperature shall be calculated and based on the temperafure
measurements in order to show that the assembly is capable of carrying the specified load quty
without exceeding maximum virtual junction temperature for the devices taking into account|the
actbial current sharing between parallel valve devices.

7.4.3 Power factor measurements

As a rule, power factor measurements need not be carried out. However, if a power factor
measurement is required, it shall be determined as the displacement factor cos¢, (see 3.7.14)

in accordance with 6.2.3.

7.5 Auxiliary device and control equipment
7.51 Checking of auxiliary devices

The function of auxiliary devices such as contactors, pumps, sequencing equipment, fans, etc.,
shall be checked. If convenient, this may be done in conjunction with the light load test.
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7.5.2 Checking the properties of the control equipment

It is not feasible to verify the properties of the control equipment under all those load conditions
which may prevail in real operation. However, it is recommended that trigger equipment should
be checked under real load conditions as far as possible. When this cannot be done on the
manufacturer's premises, it may be performed after installation by agreement with the user.

When practicable, the checking of control equipment may be restricted to a check under two
load conditions as specified by 7.3.1 a) and 7.3.2 respectively.

shall include checking that the equipment operates satisfactorily for all values of:supply
ages within the range of variation for which it is designed.

7.53 Checking the protective devices

ChrIcking of the protective devices shall be carried out as far as possible without stressing|the
ponents of the equipment above their rated values.

Dug¢ to the wide variety of protective devices and their combinations, it is not possible to s{ate
any| general rules for the checking of these devices. However, if a'system control equipment is
desiigned to protect the converter from current overloads, its~ability in this respect shall| be
checked.

If type tests to check the effectiveness of fuse protection are considered to be necessary, they
shdll be specified separately with conditions for tests.

Roytine tests shall be performed to check the operation of protective devices. It is, howeyer,
notlintended that the operation of devices sughas fuses, etc., where the operation is based on
degtruction of the operating component, shall'be checked.

7.6] EMC tests
Thegre are two aspects concerning.EMC tests as follows.

a) [[mmunity test

Checking of the immunity level of the converter shall be treated as an optional type test if
so agreed in the _eentract. The test shall, as far as possible, be in accordance with [the
specified electrical service conditions.

NOTE 1 Natienal regulations relating to the prevention of radio interference are likely to restrict the abilify to
perform certainimmunity tests outside an EMC shielded room.

NOTE 2-:Effective immunity tests usually include tests on auxiliary and control ports as well as on the fnain
power port.

b) |Radio frequency radiated and conducted disturbances

The requirements for radio frequency radiated and conducted disturbances may be the
subject of a separate specification and should then be specified for actual loads. The
separate specification may be constituted by national regulations.

NOTE 3 The disturbances from a complete equipment can differ from the disturbances produced by functional
units. For example, the radio-frequency disturbances produced by a variable speed drive system including
converter and motor are very different to the disturbances produced by a converter on its own.
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7.7 Measurement of audible noise and additional tests

Test procedures and limits shall be specified separately for the measurement of audible noise.

NOTE Audible noise of a complete PCE can differ considerably from the values of individual functional units. Room
conditions — resonance and reflection — will cause differences from calculated or measured values.

Specification and procedures for any additional tests, if necessary, for example vibration, shock,
environmental, drift, shall be specified separately.

7.8 Tolerances

If guarantees are given, they shall always refer to rated values and rated conditions. It.is |not
intgnded that guarantees shall necessarily be given upon all or any of the items shown-belpw,
but| when such guarantees are given, they may be given either without tolerances or with
toldrances, as may be specified. Either of these practices complies with this speCtification.

If quarantees are given with tolerances, the values stated in Table 16 ,shall apply. If |the
gugranteed values are given without tolerances, they are maximum or minimum values, as|the
casle may be.
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Table 16 — Tolerances

Subclause Item Tolerance
7.4.1 Assembly losses +0,1 p.u. of the guaranteed value
7.4.1.2 Losses of transformer and reactor +0,1 p.u. of the total guaranteed value
7.41.2 Efficiency of the PCE Efficiency tolerance shall be the stricter of the values
below @

1) value corresponding to +0,2 p.u. of the losses

2) -0,002 p.u. (-0,2 %)

Namely, efficiency shall be at least [x — 0,2] %, whefe
x is the guaranteed value.

7.4.3 Calculated displacement factor -0,2 x (1 — cosg,)

7.3.4 Inductive direct voltage drop U,,, due +0,1 p.u. of guaranteed value
to the transformer

7.3.4 Inherent voltage regulation +0,15 p.u. of guaranteed regulation
Measured direct voltages £ (1+0,02 Uy,
above 10 V P
Measured direct voltages below 10,1 Uyy

orequalto 10V P

a8 | With the readings of loss measurements:
P for the output power and P, for the losses, the first criterion pfovides a condition to the tolerance of the
losses AP, .

AP <0,2P_

The efficiency 7 is given by

n=P/(P+P)

The tolerance for the efficiency Az, correspanding to the tolerance AP is approximately given by
An=[(P_+AP)/ (P +P_+AP)] - [(P)F(P + Pl =[AP _/P]

Therefore, the second criterion for the“efficiency tolerance provides the other condition to AP, .
AP, =~ [An *x P] <0,002P

In summary, for efficiency calculation, tolerance of the losses AP complies with the stricter of the follow|ng
two conditions:

AP <0,2P_
AP < 0,002P
For infarmation, the first criterion implies the efficiency tolerance as approximately 0,2P / P.

b | For lequipment provided with automatic control of an output quantity, the tolerance on the controlled quan
shéall-be specified.

ity
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Annex A
(normative)

Harmonics and interhamonics

A.1 Non-sinusoidal voltages and currents

024

The line-side current of a line commutated converter is usually similar to a train of trapezoids
as shown in Figure 2. The repetition frequency of the current waveshape is equal to the

fred
suc
fred
for

Thd
the

uency of the line voltage for commutation. The line voltage for commutation can be disto
h as is shown in Figure 4 unless appropriate countermeasures are taken. The repeti
uency of the distorted voltage waveshape is also equal to the frequency of the linevolt
commutation.

s, the current waveshape and the voltage waveshape include the harmeonic compone
frequency of which are integer multiples of the frequency of the line voltage for commuta

as indicated by Formula (19).
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vever, when the harmonics are measured in real installations{ harmonic components
-integer multiple of the fundamental frequency can be Yobserved. They are ca
rharmonics. For harmonic measurement, refer to IEC 61000-4-7.

Two approaches for definitions related t6- harmonics

first approach considered the frequency @s)primary source of the set of definitions
ted with the definition of an arbitrary creference, giving it the name of "fundame
uency" (IEC 61000-2-2:2002, 3.2.1, and.1EC 61000-2-4:2002, 3.2.1).

the purposes of this document;‘the fundamental frequency is the same as the po
uency supplying the convertergsor supplied by the converter according to the case whic
sidered.

definition above is practically reasonable as described below.

hany cases, the line*commutated converters are connected to the mains power supply.

commutation voltage is fed by the mains. The frequency of the commutation voltage is

poW
pov
by

fred
fred

er frequeneyof the mains. In cases where the line commutated converters provide
er to the foads or to the machines, the frequency of the commutation voltage is determi
he converter. In these cases, the frequency of the commutation voltage is also the po
uenecy of the feeding lines to the loads or to the machines. As explained in Clause A.1,
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re have been two different approaches to establish a set of definitions related to harmonjcs.

and
htal

wer
his

he
the
the
hed
wer
the

uencies of the harmonic components are the integer multiple of the commutation voltgge.
s the frequencies of the harmonic components are integer multiple of the power frequency.

The second approach defines the harmonic components as the result of the Fourier analysis;
frequencies are therefore a consequence (IEC 60050-551:1998, 551-20-01 and 551-20-02).
However, this approach is not superior to the first approach from practical viewpoint.
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Annex B
(informative)

Electrical environment — Short-circuit ratio

B.1 Electrical environment specification

The generic aspect of network conditions is developed in the publications of IEC TC 77 and its
subcommittees. All EMC considerations are developed in dedicated standards as mentioned in

4.2
bot

3.2. These EMC standards for application of semiconductor converters set requirements
n immunity and emission in the low frequency range and high frequency range and cons

conlducted phenomena as well as radiated phenomena.

Infgrmation on the prospective conditions of coexistence between supply systems, disturh

loa

s and sensitive apparatus (mostly low current control equipment, other, power convert

power capacitors and sensitive lines such as used for communications and eontrol) is esser

dur

ng the early stages of the design of an installation.

Notably, harmonic emission should be considered relative to the ratio of short-circuit powe
apparent power, presence of capacitors or other converters.

Gui

dance on calculation methods will be found in IEC TR 60146-1-2.

NOTE Such information is not possibly available. In such case¢the approach below is taken for example.

Reqgpest system information from the appropriate local and. national authorities, when the final location of the g
is kqown. This includes the power, line and radio commupnication authorities and those responsible for the limita
of disturbance.

Whdgre agreement is necessary with the purchaser to*finalize the requirements, the above information is used

basi

b for discussion and when agreed, used for calculation purposes.

Low frequency conducted emissions* are defined relative to the applicable set of stands

pre

bared by IEC subcommittee 77A.

Foyr standards or Technical Reports deal with harmonic emission:

IEC 61000-3-2: low.voltage equipment with input current < 16 A per phase;

IEC TS 61000-3-4: Technical Report for low-voltage power supply systems and equipm
with rated current greater than 75 A;

IEC 61000-3-12: equipment connected to public low-voltage systems with input curf
between_16 A and 75 A per phase (restricted conditions of use);

IEC(TR 61000-3-6: distorting loads in MV and HV power systems.

for
der

ing
ers,
tial

lant
tion

As a

rds

ent

ent

ted

NOTLE IEC 6400032 |IEC TS 64100034 and lEC 61000312 qpply r\nly 1o nquipmanf intandaed-to-be-conne
to public low voltage AC distribution systems. This is stated in the scopes of these standards.

Four standards or Technical Reports deal with voltage changes, voltage fluctuations and flicker:

NOTE 2

IEC 61000-3-3: low-voltage equipment with input current < 16 A per phase;
IEC TS 61000-3-5: low-voltage equipment with input current greater than 75 A;

IEC 61000-3-11: low-voltage equipment with input current < 75 A (restricted conditions of

use);
IEC TR 61000-3-7: fluctuating loads in MV and HV power systems.

to public low voltage AC distribution systems. This is stated in the scopes of these standards.

IEC 61000-3-3, IEC TS 61000-3-5 and IEC 61000-3-11 apply only to equipment intended to be connected
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Guidance for different applications is also provided in the dedicated EMC product standards
(see 4.2.3.2).

When neither the final location nor the user is known, for standard converters, the supplier
should select the "immunity class" from experience and this should be stated in the specification
for the equipment.

The general electrical service condition tolerances are discussed in 5.4.

B.

annvertar

aat+aliae

quPIIIIu \%J LLA-A A4l A-d N2 "]

B.2\1 Systems and installations
A donverter is generally a component of a larger system. To avoid any confusion in fhis
dodument, the word "installation" is used exclusively to designate the complete installation
which is connected to a PCC (point of common coupling) on a public powerisupply network
Within the installation, a converter is connected at a given point of _goupling. The harmgnic
opgrating characteristics of the converter depend on the network characteristics at the point of
coupling.
Forla given installation, the agreed power Sgt defines the eqlivalent reference current Ity (tptal
RMES value):

Sq1 = Uy X 115 % V3 (8.1)
where
Un| is the nominal (or declared) ling~to-line voltage at the PCC;
Itn| s the reference current.
NOTE 1 I is close to the tripping.eurrent value of the main circuit-breaker of the installation.
Sg1lrepresents the power which can be delivered at any time, by the public supply network, to
the| installation. It.can be assumed that, for each agreed internal power, there exists a
reaponable short-circuit power (fault level) Sg¢ defined at the PCC. This is the responsibility of
the|power distribution authority.
NOTE 2 Thex'agreed power" results from an agreement between the user (owner of the installation) and the uility
authlority
Where-the-agreed-powerisused-to-define-thereference-—currentto-which-harmoenic-eurrentsiare
compared in order to express them in p.u., the reference current Iy, is by convention equal to

ITN.

The agreed internal power S|1,, for an installation at a defined IPC, (in-plant point of coupling)
defines the equivalent reference current /1y, (total RMS value) for the part A of the installation
fed from IPC:

Sita = Un X It X 3 (B.2)
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where
Uy s the rated line-to-line voltage at the IPC,.

NOTE 3 Iy, is the rated current of the feeding section of part A of the installation.

Ity is close to the rating of the circuit- breaker protecting this part A. It can be assumed that,
for each agreed internal power, there exists a reasonable short-circuit power (fault level) Sgca
defined at the IPC,. This is the responsibility of those in charge of internal power distribution.

B.2

Rs)
app

The

NOT
rate

opetlating conditions and specified network configuration."

This|
com

This
the
(IPd

By €
the
curr:
of e

NOT
conf
Part

shont-circuit currentratios of the source at the different possible points of coupling.

2 Short-circuit ratio of the source in the installation

is the ratio of the short-circuit power of the source at a defined point of coupling te-the rg

Rgia = Ssca !/ Sita = Isca ! ITna (§

subscript "A" indicates the considered part of the installatjen.

E 1 3.9.9 defines the relative short-circuit power (Rg) as "ratio of the short-circuit power of the source tg
i apparent power on the line side of the converter(s)". Ry refers.o a given point of the network, for spec

definition can be applied to the totality of the installation. In this case, the point of coupling (PC) is the poi
mon coupling (PCC), and I, corresponds to the agreed power.

definition can also be applied to a part of an ipstaltation of rated current I ,. The short-circuit current rat
ource in the installation Ry, is expressed as the'ratio of the short-circuit current at the in-plant point of cou
,) of the part of the installation to its rated¢current.

xtension, this definition can also be,applied to a part of an equipment of rated current Iy;. Rg); is expresse

atio of the short-circuit current available at the internal considered point (delivered by the source) to the r
ent of part of the equipment supplied. This extension is strictly dedicated for consideration of internal constrs
huipment.

E 2 In Figure B.1, the installation shows a part A with a short-circuit current ratio of the source Rg,. P3
gins a part B, part B(has a short-circuit current ratio of the source Rg,5, and part A also contains a part C,
B contains in turnla part B1, a part B2, etc. This partition allows an analysis and the assessment of the diffq

ted

arent power of the installation, or of a part of the installation, supplied from this point of
coupling (see Figure B.1):

3.3)

the
fied

ht of

o of
ling

d as

hted
ints

rt A
etc.
rent
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Impedance of PCC
the connection

IPC, ©® — T

§
é é é Part A
IPC; @ >, 1 @
Eﬁ J ! l Hee etc.
| s |

3
| l

| N s
v

Part B1

v
Part B Part B2

Equipment e

IEC

Figure B.1 - PCC, IPC, installation current ratio and Rg,

3 Short-circuit ratio

is the ratio of the short-circuit power of the source at the PCC to the rated apparent po
he equipment (see IEC TS 61000-3-4 or IEC 61000-3-12):

E 1 With the example of Figure B.2, Ry, cambe expressed as a function of the relevant Rg. The pieg
pment (e) is fed from a bus bar (IPCp), with;aspoint of common coupling (PCC) at which the short-circuit cu
-, and draws a rated current /.. Applying-the above definitions gives:

N /'S

~

Sle sco ! PiTe sco/ fine = Uscp/1sc) * Usc/Iine) = (Ssep/ Ssc) X (Rgee)

or

sce = (Ssc/Sscp)* Rge

5 definition is suitable, in the application of IEC TS 61000-3-4 or IEC 61000-3-12,

Rgc = Ssc / Sne =dsc ! IiNe (B.

wer

e of
rent

B.5)

B.6)

for

ning the condition of connection of a piece of equipment to the low voltage public suj

ply

WOTK.


https://iecnorm.com/api/?name=f2970496cd705c200598ef6b4a65d6d7

IEC 60146-1-1:2024 © |IEC 2024 - 83 -

Impedance of i pcC
the connection

IPC, @ L T

i

§ o

NOT
curr

¢

Part B2 _{ 71 IPCp

Equipment e
Rsc

IEC
Figure B.2 — PCC, IPC, installation current ratio and Rg¢

E 2 IEC TR 61000-2-6:1995, Clause A.2, gives another definition of Rge for rectifiers referring to the|
bnt.

DC
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Annex C
(informative)

Introduction to safety standards
for power conversion equipment

General
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AnnexC hrinfly introduces the annfy standards of the |EC 62477 series for power electronics

con
IEC

NOT

C.2

IEQ
equ
req
be

C.3

The
exp
two

Fro
ops
foc

series.

s on the safety requirements.

verter systems (PECS) and equipment. Annex C also clarifies that this edition
60146-1-1 was revised considering good coordination with the IEC 62477 series.

E PECS is defined in IEC 62477-1. Annex C interprets PCE as equivalent to power conversion 'equipment]

Brief introduction to IEC 62477 series with reference to IEC.60146 series

62477-1 and IEC 62477-2 cover the safety requirements for'\the power convers
ipment while the IEC 60146-1-1 and IEC TR 60146-1-2 mainly cover the basic performa
Liirement. The IEC 62477 series is in the same position as the l[EC 60146 series, which
bpplied to the converters not covered by product standards:

Purposes or intentions of IEC 60146 seriesCand IEC 62477 series

purposes or intentions of the standards ‘re” listed in Table C.1. Some additig
lanations are added in parentheses in Table:C.1 for making the differences clear betw

m Table C.1, it is pointed out that the IEC 60146 series focus on basic requirements
rations and performances of the .power conversion equipment while the IEC 62477 se

Table C.1 — Comparison on purposes or intentions between two standards

of

ion
nce
can

nal

19%
D
=}

to
fies

IEC 60146-1-1

IEC 62477-1

To

op
co

To

To
pe
To

establish basic terms-and definitions (for
erations and performance of the line-commutated
verters)

specify basie,performance requirements

specify tést)requirements (for basic operations and
formangees) of the line commutated converters

spécify service conditions which influences the

ba

Eis\of ratings

To establish common terminology for safety aspects|
relating to PECS

To establish minimum requirements for the
coordination of safety aspects of interrelated parts
within PECS

To establish common basis for minimum safety
requirements for the PEC portion of products that
contain PEC

TO Specify requirements 1o reduce saiety rsks gurin
use and operation and during service and
maintenance where specifically stated

The requirements related to safety were deleted from this revision of IEC 60146-1-1. This
edition of IEC 60146-1-1 refers to the IEC 62477 series for relevant guidance on safety.

Careful consideration has been made for test requirements during revision of IEC 60146-1-1.
The test requirements related to safety have been deleted and now IEC 60146-1-1 only includes
the test requirement for basic operations and performances of the power electronics converter.

IEC 60146-1-1 also considers that the power electronics products covered by this edition
comply with fundamental IEC standards like IEC 60364-1 or IEC 60529.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONVERTISSEURS A SEMICONDUCTEURS — EXIGENCES GENERALES

ET CONVERTISSEURS COMMUTES PAR LE RESEAU -

Partie 1-1: Spécification des exigences de base

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatioh“compq
e 'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEG aVpour obje]

voriser la coopération internationale pour toutes les questions de normalisation dans( les’ domaines
I[électricité et de I'électronique. A cet effet, 'I[EC — entre autres activités — publie des Nofmes internationd
es Spécifications techniques, des Rapports techniques, des Spécifications accessiblesau‘public (PAS) ef]
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a deS comités d’études,
avaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisaf
ternationales, gouvernementales et non gouvernementales, en liaison avec I'lECy participent également
avaux. L'IEC collabore étroitement avec I’Organisation Internationale de_Normalisation (ISO), selon
onditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'|EC concernant les questions techfiques représentent, dans la mesur|
ossible, un accord international sur les sujets étudiés, étant donné que’les"Comités nationaux de I'lEC intére
ont représentés dans chaque comité d’études.

es Publications de I'l[EC se présentent sous la forme de recommandations internationales et sont agrg
omme telles par les Comités nationaux de I'lEC. Tous les_gfforts raisonnables sont entrepris afin que |
‘assure de I’exactitude du contenu technique de ses publications; 'lEC ne peut pas étre tenue responsabl
lléventuelle mauvaise utilisation ou interprétation qui en_est'faite par un quelconque utilisateur final.

ans le but d’encourager l'uniformité internationale,.les*Comités nationaux de I'lEC s’engagent, dans tou

sée
t de

de
les,
des
aux
jons
aux
des

e du
bSés

ées
IEC

P de

e la

esure possible, a appliquer de fagon transparente_les Publications de I'lEC dans leurs publications nationjales

t régionales. Toutes divergences entre toutes-Publications de I'lEC et toutes publications nationaleg
égionales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

I'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
fournissent des services d’évaluation de\econformité et, dans certains secteurs, acceédent aux marqueg
onformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certificg
ihdépendants.

Tous les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandata
y compris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de I’
pour tout préjudice causé\en cas de dommages corporels et matériels, ou de tout autre dommage de que
mature que ce soit, direete ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépe
écoulant de la puptication ou de I'utilisation de cette Publication de I'l[EC ou de toute autre Publication de I’
u au crédit qui lui‘est accordé.

néférencées-€st obligatoire pour une application correcte de la présente publication.

I'IEC attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisation
u de plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de
roit’de propriété revendiqué a cet égard. A la date de publication du présent document, I'lEC n’avait pas

ou

ants
de
tion

res,
EC,
que
nses
EC,

I’attention est attirée sur les références normatives citées dans cette publication. L’utilisation de publicatjons

d’'un
tout
recu

mofification qu’'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a

lieu

d’avertir les responsables de la mise en application du présent document que des informations plus réce

ntes

sont susceptibles de figurer dans la base de données de brevets, disponible a I’adresse https://patents.iec.ch.

L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevet.

L'IEC 60146-1-1 a été établie par le comité d’études 22 de I'lEC: Systémes et équipements
électroniques de puissance. Il s’agit d’'une Norme internationale.

Cette cinquiéme édition annule et remplace la quatriéeme édition parue en 2009.
Cette cinquieme édition constitue une révision technique.
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Cette cinquieme édition introduit quatre modifications principales:

a)
b)

c)
d)

réédition de I’ensemble de la norme conformément aux directives en vigueur;

suppression des descriptions relatives a la sécurité, pour prendre en compte la coordination

avec la série IEC 62477,
modifications des méthodes de calcul de la variation inductive de tension;
modifications pour prendre en compte la coordination avec la série IEC 61378.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
22/374/FDIS 22/378/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information(sur le vote ayant
abduti a son approbation.
La langue employée pour I’élaboration de cette Norme internationale gst I’anglais.
Ce |[document a été rédigé selon les Directives ISO/IEC, Partie 2;~jl'a été développé selon|les
Dirgctives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles spus
ww.iec.ch/members_experts/refdocs. Les principaux types_ de documents développés [par
I'lELC sont décrits plus en détail sous www.iec.ch/publications.
Ung¢ liste de toutes les parties de la série IEC 60146, publiées sous le titre géneral
Convertisseurs a semiconducteurs — Exigences _générales et convertisseurs commutés pay le
réseau, se trouve sur le site Web de I'lEC.
Le ¢omité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabjlité
indiquée sur le site Web de I'lEC sous webstore.iec.ch dans les données relatives au docunjent
recherché. A cette date, le document sera
e [reconduit,
e [supprimé, ou
e [révisé.

IMPORTANT.=Le logo "colour inside" qui se trouve sur la page de couverture de [ce

dg
un
im

e bonne-compréhension de son contenu. Les utilisateurs devraient, par conséque
primer cette publication en utilisant une imprimante couleur.

cument-indique qu’elle contient des couleurs qui sont considérées comme utileg a

nt,
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Les

INTRODUCTION

principaux objectifs de la série IEC 60146-1 sont les suivants.

IEC 60146-1-1, Spécification des exigences de base:

stipuler les termes de base et leurs définitions;

spécifier les conditions de service qui ont une influence sur le dimensionnement;

spécifier les exigences d’essai applicables aux convertisseurs et ensembles électroniques

IEQ

de puissance, ainsi qu’aux converiisseurs normaux (pour les convertisseurs spegig
voir 'lEC TR 60146-1-2);

spécifier les exigences de fonctionnement de base;

fournir les exigences d’emploi applicables aux convertisseurs de, ‘plissance]
semiconducteurs.

TR 60146-1-2, Lignes directrices d’application:

apporter des informations supplémentaires relatives aux conditions d’essai et
composants (par exemple: valves a semiconducteurs), lorsque ces informations s
exigées pour leur utilisation dans les convertisseurs de puissdnce a semiconducteurs, p
compléter ou modifier les normes existantes;

fournir les références utiles, les coefficients de calcul,*les formules et les diagramn
utilisés dans la pratique des convertisseurs de puissance.

ux,

BUX
ont
our

nes
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CONVERTISSEURS A SEMICONDUCTEURS — EXIGENCES GENERALES

1

ET CONVERTISSEURS COMMUTES PAR LE RESEAU -

Partie 1-1: Spécification des exigences de base

Domaine d’application

La
fon
co
co

Les

commandables (c’est-a-dire des diodes de redressement) ou commandables (c’est-a-dire

thy

co
étre

Le
aux

vic
con
qui

Ceq

pui
utili

semiconducteurs), soit correspondent a des applications particuliéres (par exen

con
pro
rou

Le
nor

com\mandables peuvent étre a blocage inverse ou a conduction inverse et commandés pal
r

corImutés par le réseau, pour la conversion de puissance alternative en puissance continus

présente partie de I'lEC 60146 spécifie les exigences relatives aux caractéristiques
ctionnement de tous les convertisseurs de puissance a semiconducteurs, ainsi” que
mutateurs de puissance a semiconducteurs utilisant des valves électroniqu
mandables et/ou non commandables.

valves électroniques comprennent principalement des dispositifs a semiconducteurs,
istors, triacs, thyristors blocables et transistors de puissance). Les dispos

ant, une tension ou par la lumiére. Les dispositifs qui ne sontdas bistables sont présur
utilisés en mode commute.

présent document est prévu en premier lieu pour spécifier les exigences de base applical]
convertisseurs en général, ainsi que les exigences applicables aux convertisse

versa. Certaines parties du présent document'§’appliquent également a d’autres types
vertisseurs électroniques de puissance, sousteserve qu’il n’existe pas de normes de pro
leur soient propres.

exigences spécifiques relatives aux équipements s’appliquent aux convertisseurs
Esance a semiconducteurs qui, sqitdmettent en ceuvre différents modes de conversion,
sent différents types de commutation (par exemple convertisseurs autocommuté

vertisseurs a semiconducteurs pour moteurs a courant continu), voire englobent diver

briétés spécifiques (par-exemple convertisseurs directs en courant continu pour matg
ant a traction électriqueY.

brésent document _s’applique a tous les convertisseurs de puissance non couverts par

Geé

référence au-présent document.

NOTE 1 | Lé présent document n’est pas destiné a définir des exigences de CEM. Il couvre tous les phénoméng
intrgduit’ par conséquent des références aux normes spécifiques applicables conformément a leur dom

me de produit spécifique, ou si ladite norme ne couvre pas des caractéristiques particulie
éralement,Sles normes de produit spécifiques aux convertisseurs de puissance

de
des
es,

hon
des
tifs

un
nés

es
urs
ou
de
Huit

ine
es.
ont

s et
pine

d’aprlir‘nfir\n

NOTE 2 Pour les informations relatives aux transformateurs de conversion, relatives au présent document, voir
I'lEC 61378-1.

NOTE 3 Tous les termes cités dans I'Article 3 ne sont pas nécessairement utilisés dans le présent document. lIs
sont toutefois nécessaires pour établir une compréhension commune de I'application des convertisseurs a

sem

2

iconducteurs.

Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
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I’édition citée s’applique. Pour les références non datées, la derniére édition du document de
référence s’applique (y compris les éventuels amendements).

IEC 60050-551:1998, Vocabulaire Electrotechnique International — Partie 551: Electronique de
puissance, disponible a 'adresse www.electropedia.org

I!EC 60050-551-20:2001, Vocabulaire Electrotechnique International — Partie 551-20:
Electronique de puissance — Analyse harmonique, disponible a 'adresse www.electropedia.org

IEC 60664-1:2020, Coordination de l'isolement des matériels dans les réseaux d’énergie
éle¢trique a basse tension — Partie 1: Principes, exigences et essais

IEQ 61000-2-4:2002, Compatibilité électromagnétique (CEM) — Partie 2-4: Environnément —
Niveaux de compatibilité dans les installations industrielles pour les perturbations\eonduitgs a
bagse fréquence

IEQ 61000-3-2:2018, Compatibilité électromagnétique (CEM) — Partie 3=2: Limites — Limftes
podr les émissions de courant harmonique (courant appelé par les appareils < 16 A par phdse)

IEQ 61000-3-12:2011, Compatibilité électromagnétique (CEM) — Partie 3-12: Limites — Limftes
podr les courants harmoniques produits par les appareils connectés aux réseaux publics bajsse
tension ayant un courant appelé > 16 A et < 75 A par phase

IEQ 61000-4-7:2002, Compatibilité électromagnétique (CEM) — Partie 4-7: Techniques d’egsai
et de mesure — Guide général relatif aux mesures d’harmoniques et d’interharmoniques, ajnsi
qu’@ 'appareillage de mesure, applicable aux réseaux’d’alimentation et aux appareils qui y ont
racgordés

IEQ 61000-6-1:2016, Compatibilité électromragnétique (CEM) — Partie 6-1: Normes génériques
— Nprme d’immunité pour les environnemernts résidentiels, commerciaux et de I'industrie légere

IEQ 61000-6-2:2016, Compatibilité_étectromagnétique (CEM) — Partie 6-2: Normes génériqles
— Norme d’immunité pour les environnements industriels

IEQ 61000-6-4:2018, Compatibilité électromagnétique (CEM) — Partie 6-4: Normes génériques
— Norme sur I’émission pour les environnements industriels

IEQ 61378-1:20114" ;-Transformateurs de conversion - Partie 1: Transformateurs pour
apflications industrielles

IEQ 6247721:2022, Exigences de sécurité applicables aux systémes et matériels électroniglies
de ¢onversion de puissance — Partie 1: Généralités

|E C-624-2:2048FExigenrces-de-séctrité-applicablesatxSystéemeset-matérietsEtectroniques
de conversion de puissance — Partie 2: Convertisseurs électroniques de puissance entre
1 000 V en courant alternatif ou 1 500 V en courant continu et 36 kV en courant alternatif ou

54 kV en courant continu
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Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'lEC 60050-551,
I'lEC 60050-551-20, I'IEC 60664-1 ainsi que les suivants s’appliquent.

L'ISO et I'l[EC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

ISO Online browsing platform: disponible a I'adresse https://www.iso.org/obp

NOT

q

-
3.1

3.1
dis

dispositif dont les caractéristiques électriques essentielles (sont dues au déplacement

por
[SA

3.1

IEC Flectraopedia: disponible a 'adresse https-//www electropedia org

E La méthode adoptée est la suivante:

prsqu’une définition existante de I'lEC 60050 nécessite de plus amples précisions ou des (informaf
upplémentaires, le titre, la référence et le texte ajouté sont fournis;

es explications et des figures sont fournies en 4.2;

Es termes associés aux défauts et défaillances de convertisseurs sont définis dans I'lEC, TR/60146-1-2.
Dispositifs a semiconducteurs et combinaisons

1
positif a semiconducteur

eurs de charge dans un ou plusieurs matériaux semiconducteurs
URCE: IEC 60050-151:2001, 151-13-63]

2

int

interrupteur électronique
engemble fonctionnel comprenant au moins une valve électronique commandable, assuran

Cco
[SC

3.1

interrupteur a semiconducteurs

inte

Noteg
puis
tran

[SQ

3.1

rrupteur électronique de puissance

mande (ouverture et fermeture) électronique d’un circuit de puissance
URCE: IEC 60050-551:1998, 551-13-01]

3
rrupteur électronique de puissance comportant des valves électroniques a semiconducte

1 a larticle: On utilise des termes similaires pour des interrupteurs électroniques ou des contréleur
sance comportant dés valves électroniques particuliéres, par exemple contréleur a thyristors ou interrupte
Bistor.

URCE:JEC 60050-551:1998, 551-13-05]

ions

de

tla

urs

5 de
ur a

4

val

ve mon commandabte

diode de redressement
valve bloquante en inverse dont le trajet de courant conduit dans le sens de conduction sans
intervention d’aucun signal de commande

[SOURCE: IEC 60050-551:1998, 551-14-04]
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3.1.5

thyristor

dispositif a semiconducteurs bistable, comprenant trois jonctions ou plus, qui peut étre
commuté de I’état bloqué a I'état passant ou vice versa

Note 1 a Vlarticle: Les dispositifs ayant seulement trois couches mais possédant des caractéristiques de
commutation similaires a celles des thyristors a quatre couches peuvent aussi étre appelés thyristors.

Note 2 a Il'article: Le terme "thyristor" est utilisé de maniere générale pour désigner tout dispositif de type PNPN.
Il peut étre utilisé seul pour tout élément de la famille des thyristors lorsqu’un tel usage ne préte pas a confusion ou
a malentendu. En particulier, le terme "thyristor" est couramment employé pour le thyristor triode bloqué en inverse,
antérieurement désigné par "redresseur commandé au silicium".

[SQURCE: IEC 60050-521:2002, 521-04-61, modifié — La Note 2 & I'article a été ajoutée]

3.1{6
thyristor triode bloqué en inverse
thyfistor a trois bornes qui pour une tension d’anode négative ne commute pas, mais présgnte
un ¢tat bloqué en inverse

[SQURCE: IEC 60050-521:2002, 521-04-63]

3.1{7
thyristor triode passant en inverse
thytistor a trois bornes qui pour une tension d’anode négative ne commute pas et conduif de
fortg courants a des tensions d’amplitude comparable @)celle de la tension directe a I'gtat
pasgsant

[SQURCE: IEC 6005-521:2002, 521-04-65]

3.118
thyristor triode bidirectionnel
triac
thyfistor a trois bornes présentant sensiblement le méme comportement en commutation dans
le gremier et le troisieme quadrants de la caractéristique principale

[SQURCE: IEC 60050-521;2002, 521-04-67]

3.1]9
thyristor blocable
thyfistor qui peut étre commuté de I’état passant a I’état bloqué et vice versa en appliquant fes
sighaux de commande, de polarité appropriée, a la borne de gachette

Notg 1 a l'article: Le thyristor a blocage par la gachette (GTO, Gate Turn-Off thyristor) et le thyristor intggré
commuté(par la gachette (IGCT, Integrated Gate-Commutated Thyristor) sont des types de thyristors blocables.

[SQURCE: IEC 60050-521:2002 521-04-68 modifié = L a Note a 'article a été ajoutée]

3.1.10

transistor de puissance

transistor congu pour commuter de I'état passant a I’état bloqué et vice versa en appliquant des
signaux de commande, de polarité appropriée, a la base ou a la borne de gachette

Note 1 a [larticle: La structure intrinséque du dispositif est capable de fournir une amplification
(voir I'lEC 60050-521:2002, 521-04-46).

Note 2 a l'article: Différentes techniques de transistors de puissance sont utilisées telles que les transistors
bipolaires, transistors bipolaires a grille isolée (IGBT, Insulated Gate Bipolar Transistor), transistors a effet de champ
métal-oxyde-semiconducteurs (MOSFET, Metal-Oxide-Semiconductor Field-Effect Transistor), etc.
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3.1.11

blo

c de valves

groupement unitaire d’'une ou de plusieurs valves électroniques avec les dispositifs de montage
et accessoires éventuels correspondants

[SOURCE: IEC 60050-551:1998, 551-14-12]

3.1.12
ensemble de valves

ass

strd

Noteg
élec]
enseg

[SQ

3.1
val

dispositif électronique indivisible assurant la conversion électronique de puissance

I'ou
un

[SC

3.1
val
val

Noteg
bipo]
isold

Note
(exe
com
de {
Sép3

[SQ

emblage électrique et mécanique de valves électroniques ou de
s NS de& raccordement et SeS acCessoIrTes a rir

rleur de ad PIro
cture mécanique

1 a l'article: Des termes similaires sont utilisés pour des blocs ou des ensembles comprenant des vg
roniques particuliéres, par exemple bloc de diodes (composé uniquement de diodes dé)redressem
mble de thyristors (composé de thyristors seuls ou combinés avec des diodes de redressement).

URCE: IEC 60050-551:1998, 551-14-13]

13
ve électronique

verture et la fermeture électronique d’un circuit électrique-depuissance unique, compor
rajet conducteur unidirectionnel, non commandable ou comimandable de fagon bistable

URCE: IEC 60050-551:1998, 551-14-02, modifié =Les Notes a I'article ont été supprim§

14
e a semiconducteurs
e électronique constituée d’un dispositif.@’semiconducteurs

1 a larticle: Exemples typiques de valves, @ semiconducteurs: thyristors, diodes de redressement, transig
aires, transistors a effet de champ métaloxyde-semiconducteurs (MOSFET) et transistors bipolaires a
e (IGBT).

2 a l'article: Plusieurs valves assemiconducteurs peuvent étre intégrées sur une pastille de semicondud

mples: un thyristor et une diode’ de redressement dans un thyristor passant en inverse, un transisto
mutation de puissance a effet de champ avec sa diode inverse) ou assemblées dans un méme boitier (mo|
uissance a semiconducteur). Tous ces ensembles sont considérés comme des valves a semiconduct
rées.

URCE: IEC 60050-551:1998, 551-14-09, modifié — Les Notes a I'article ont été ajoutéeq

15

version-électronique de puissance
version de puissance

version

Note 1 a [l'article:

blocs de valves,

pre

Ives
ent),

ou
ant

es]

tors
rille

teur
I de
dule
eurs

—_

fréquence, y compris la fréquence nulle.

[SOURCE: IEC 60050-551:1998, 551-11-02]

nce

Ces caractéristiques sont par exemple, I'amplitude de tension, le nombre de phases et la
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3.1.16

convertisseur électronique de puissance

convertisseur de puissance

convertisseur

ensemble fonctionnel assurant la conversion électronique de puissance, constitué d’une ou de
plusieurs valves électroniques et éventuellement d’accessoires

Note 1 a l'article: Les transformateurs et les filtres de conversion associés au réseau interfagant en matiére de
caractéristiques électriques sont exclus du convertisseur proprement dit. Ces dispositifs font partie intégrante du
systeme. Tout dispositif nécessaire au bon fonctionnement du convertisseur a proprement parler est intégré au
convertisseur, par exemple les filtres utilisés pour limiter le rapport du/d¢ appliqué aux valves, les suppresseurs de

+ T r's H 1 k. £ s rs 1
surtenstens—ete—TFott-accessoireRécessairepourtebonfonctonfrementdu—convertisseuraproprementpartey est

intégré au convertisseur, par exemple ventilateurs ou systéme de refroidissement.

[SQURCE: IEC 60050-551:1998, 551-12-01, modifié — L’expression "de transformateurs e{ de
filtres si nécessaire" a été supprimée de la définition, la Note a l'article a été remplacée 4t la
figure a été supprimée]

3.1)17

dispositif de commande
dispositif a gachette
dispositif qui fournit a partir d’'un signal de commande les impulsiegns. d’amorgage appropriges
a dpes valves commandables d’un convertisseur ou interrupteur de-puissance et qui comporte
deq circuits temporisateurs ou déphaseurs, des circuits générfateurs d’impulsions et, en rggle
gérlérale, des circuits d’alimentation

3.1]18

éqyipement de commande d’un systéme
éqyipement associé a un équipement ou a un systéme convertisseur de puissance qui assure
le réglage automatique des caractéristiques¢de* sortie du convertisseur en fonction d’tine
grahdeur contrdlée

Notg 1 a l'article: La vitesse d’'un moteur et la force de traction constituent des exemples de grandeur control§

@

3.1|19

convertisseur a semiconducteurs
convertisseur électronique de puissance comportant des valves électroniques| a
semiconducteurs

Notg 1 a I'article: On utilise\des termes similaires pour les convertisseurs en général ou pour des types particuliers
de ¢onvertisseurs et poln'des convertisseurs comportant des valves électroniques particuliéres ou spécigles,
par exemple: convertigSeur a thyristors, onduleur a transistors.

[SQURCE: IE€'60050-551:1998, 551-12-42, modifié — La figure a été supprimée]

3.1)20

éqyipement de conversion de puissance
PCE
équipement comprenant le convertisseur électronique de puissance et les accessoires
nécessaires pour le fonctionnement du convertisseur proprement dit, voire d’autres éléments
spécifiques a I'application, et ou ces éléments ne peuvent pas étre séparés physiquement sans
empécher le convertisseur de fonctionner

Note 1 a I'article: L’abréviation "PCE" est dérivée du terme anglais développé correspondant "Power Conversion
Equipment".

3.1.21

systéme de conversion de puissance

systéme comprenant un équipement de conversion de puissance et des composants associés
nécessaires a l'application

Note 1 a l'article: L’appareillage de commutation, les bobines d’inductance ou les transformateurs et les filtres
spécifiques constituent des exemples de composants associés.
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3.2 Bras et connexions

3.21

bras de valve

bras

partie du circuit d’'un convertisseur ou d’un interrupteur électronique de puissance limitée par
deux bornes a courant alternatif ou a courant continu quelconques, et comprenant une ou
plusieurs valves électroniques conduisant simultanément, connectées entre elles et
éventuellement a d’autres constituants

[SQURCE: |[EC 60050-551:1998 551-15-01]

3.22
bras principal
brag de valve concerné par le transfert principal de puissance entre les deux coétés|du
conjvertisseur ou de l'interrupteur électronique

[SQURCE: IEC 60050-551:1998, 551-15-02, modifié — La Note a l'article 'a été supprimée]

3.23
brajs auxiliaire
brag de valve autre qu’un bras principal

Notg 1 a 'article: Quelquefois un bras auxiliaire remplit temporairement plusieurs des fonctions suivantes: brap de
shuntage, bras de roue libre, bras d’extinction ou bras de retour.

[SQURCE: IEC 60050-551:1998, 551-15-05]

3.2)4

bras de shuntage
brag auxiliaire fournissant un trajet conducteur permettant la circulation du courant spns
échiange de puissance entre la source et'la charge

[SQURCE: IEC 60050-551:1998,:8651-15-06]

3.2)5
bras de roue libre
bras de shuntage ne contenant que des valves non commandables

[SQURCE: IEC 600560-551:1998, 551-15-07]

3.2]6
brajs d’extinction
brag auxiliaire destiné a dériver temporairement et sans intermédiaire le courant d’un brag de
valyeeh conduction consistant en une ou plusieurs valves a accrochage ne pouvant é¢tre
bloquées par un signal de commande

[SOURCE: IEC 60050-551:1998, 551-15-08]

3.2.7
bras de retour
bras de valve destiné a transférer une partie de la puissance de la charge vers la source

[SOURCE: IEC 60050-551:1998, 551-15-09]
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3.2.

8

montage de convertisseur
disposition électrique de bras de valve et d’autres composants essentiels pour
fonctionnement du circuit de puissance principal d’un convertisseur

Note 1 a I'article:

signification.

[SOURCE: IEC 60050-551:1998, 551-15-10, modifié — La Note a l'article a été ajoutée]

3.2,

9

le

La pratique courante utilise également le terme "topologie" du convertisseur avec la méme

moptage de base d’un convertisseur
disposition électrique des bras principaux d’'un convertisseur

[SC

3.2
mo
<d’

URCE: IEC 60050-551:1998, 551-15-11]

10
htage a simple voie

codrant alternatif est parcourue par un courant unidirectionnel

[SQ

3.2
mo
<d’

URCE: IEC 60050-551:1998, 551-15-12]

1
htage a double voie

courant alternatif est parcourue par un courant bidirectionnel

[SC

3.2
mo
mo
ph3

URCE: IEC 60050-551:1998, 551-15-13]

12
ntage en pont
tage de paires de bras a double voie dans lequel les bornes centrales sont les bornes

ensemble et sont les bornes.a‘¢ourant continu

[Sq

3.2
mo
mo

URCE: IEC 60050-551:1998, 551-15-14]

13
htage homogéne
ntage donflles bras principaux sont ou bien tous commandables ou bien tous

commandables

[SC

URCE: IEC 60050-551:1998, 551-15-15]

se du circuit & courant alternatif, et les bornes extérieures de méme polarité sont relig

in convertisseur> montage convertisseur dans lequel chaque borneyde phase du circdit a

in convertisseur> montage convertisseur dans lequel chaque borne de phase du circuit a

non

3.2.14

montage hétérogéne
montage mixte
montage constitué par des bras principaux en partie commandables et en partie non
commandables

[SOURCE: IEC 60050-551:1998, 551-15-18]

3.2.15
montage en série
montage de plusieurs bipdles de fagon qu’ils forment un seul chemin

[SOURCE: IEC 60050-131:2002, 131-12-75, modifié — Les Notes & I'article ont été supprimées]
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3.2.16
montage en série de convertisseurs

montage en série dans lequel deux convertisseurs ou plus sont connectés de maniére telle que

leurs tensions s’ajoutent

3.2.17
montage survolteur/dévolteur

montage en série de plusieurs convertisseurs dont les tensions continues s’ajoutent ou se

soustraient, suivant 'arrangement de leurs connexions individuelles

[SQURCE: |[EC 60050-551:1998 551-15-21]

3.3] Commandabilité des bras de convertisseurs et quadrants de fonctionnemeént
(c6té courant continu)

3.31
bras commandable
brag de convertisseur comprenant une ou plusieurs valves commandables

3.3]2
bras non commandable
bras de convertisseur ne comprenant que des valves non commandables

3.313
quadrant de fonctionnement

<ch

conftinue et le sens du courant

3.3/4
convertisseur a un quadrant

convertisseur alternatif/continu ou convertisseur de courant continu a un seul sens

cirdqulation de la puissance en courantontinu
[SQURCE: IEC 60050-551:1998,4651-12-34, modifié — La figure a été supprimée]

3.3/5
convertisseur a deux quadrants

convertisseur alternatif/continu ou convertisseur de courant continu a deux sens possibles
cirdulation de la puissance en courant continu associés a une direction du courant continu

deuyx directions de\la tension continue ou vice versa
[SQURCE: (/EC 60050-551:1998, 551-12-35, modifié — La figure a été supprimée]

3.3]6
convertisseur a quatre quadrants

té courant continu> quadrant du plan tension/courant défini par la polarité de la tens

on

de

de
bt 3

convertisseur alternatif/continu ou convertisseur de courant continu a deux sens possibles de
circulation de la puissance en courant continu associés a deux directions de la tension continue

et a deux directions du courant continu

[SOURCE: IEC 60050-551:1998, 551-12-36, modifié — La figure a été supprimée]
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3.3.

7

convertisseur réversible
convertisseur bidirectionnel
convertisseur dans lequel le sens de circulation de la puissance peut étre inversé

Note 1 a I'article:

description du sens de circulation du courant bidirectionnel dans le convertisseur.

Le terme "convertisseur bidirectionnel" correspond a la pratique courante, et fournit une meilleure

[SOURCE: IEC 60050-551:1998, 551-12-37, modifié — Le terme en variante "convertisseur

bidirectionnel" et la Note a I’article ont été ajoutés]

3.3]8

convertisseur simple

convertisseur réversible alternatif/continu unidirectionnel pour le courant continu
[SQURCE: IEC 60050-551:1998, 551-12-38, modifié — La figure a été supprimée]

3.3/9

convertisseur double

convertisseur réversible alternatif/continu bidirectionnel pour le courant continu

[SQURCE: IEC 60050-551:1998, 551-12-39]

3.3]10

sedtion convertisseur d’un convertisseur double

parfie d’un convertisseur double dans laquelle le coufant continu principal circule toujours d
le méme sens lorsqu’il est vu depuis les bornes ¢bté continu

[SQURCE: IEC 60050-551:1998, 551-12-40]

3.3/11

commande de phase

progessus consistant a faire varier l'instant de la période a partir duquel commencsd
conlduction de courant dans une valve électronique ou dans un bras de valve

[SQURCE: IEC 60050-551:1998, 551-16-23]

3.3/12

commande d’amargage

conimande qui_ptovoque 'amorcage d’'une valve a accrochage ou d’'un bras composé de te
valyes

[SQURCE: IEC 60050-551:1998, 551-16-61]

ANS

lles

3.4

3.4.

— Commutation, extinctiom et circuits de commutation
1

commutation
<dans un convertisseur électronique de puissance> transfert du courant d’un bras conducteur
dans le bras suivant sans interruption du courant, les deux bras conduisant simultanément
pendant un intervalle de temps fini

[SOURCE: IEC 60050-551:1998, 551-16-01]
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3.4.2
extinction sans commutation
interruption de la conduction du courant dans un bras sans commutation

[SOURCE: IEC 60050-551:1998, 551-16-19]

3.4.3

commutation directe

commutation entre deux bras principaux, sans transfert a travers un ou plusieurs bras
auxiliaires

[SQURCE: IEC 60050-551:1998, 551-16-09]

3.4)4

commutation indirecte
suie de commutations d’un bras principal a un autre, ou de retour au méme btas principal] au
moyen de commutations successives par I'intermédiaire d’un ou de plusieurs bras auxiliairg¢s

[SQURCE: IEC 60050-551:1998, 551-16-10]

3.4/5
commutation externe
commutation dans laquelle la tension de commutation estfournie par une source extérieurg au
convertisseur ou a l'interrupteur électronique

[SQURCE: IEC 60050-551:1998, 551-16-11]

3.4/6
commutation par le réseau
commutation externe dans laquelle la tension de commutation est fournie par le réseau

[SQURCE: IEC 60050-551:1998, 551=16-12]

3.417
commutation par la charge
conmpmutation externe dans, laquelle la tension de commutation est fournie par une charge alitre
qug celle du réseau

[SQURCE: IEC 60050-551:1998, 551-16-13]

3.418
commutation par machine
conrmutation externe dans laquelle la tension de commutation est fournie par une machine
toutnante

[SOURCE: IEC 60050-551:1998, 551-16-14]

3.4.9

commutation par la charge résonante

méthode de commutation par la charge dans laquelle la tension de commutation est fournie par
la charge, en utilisant sa résonance
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10

commutation autonome
commutation dans laquelle la tension de commutation est fournie par des composants inclus

dan

s le convertisseur ou l'interrupteur électronique

[SOURCE: IEC 60050-551:1998, 551-16-15]

3.4.

1

commutation par condensateur
méthode de commutation autonome dans laquelle la tension de commutation est fournie par

des
[SC

3.4
corn
mét
ind

3.4
cor
mét
blo

Notd

[SQ

34
ext
mé
éle

[SC

3.4
ext
mé
la v

Noteg
con

condensateurs INcius dans te circuit de commutation
URCE: IEC 60050-551:1998, 551-16-17]

12

nmutation capacitive a couplage inductif

hode de commutation capacitive dans laquelle le circuit des condensatelrs est couplé
iction au circuit de commutation

13
nmutation par extinction forcée

tage de la valve électronique conductrice par un signal de.Ccommande

1 a l'article: La valve suivante est amorcée simultanément.

URCE: IEC 60050-551:1998, 551-16-16]

14
nction par valve

hode d’extinction sans commutationidans laquelle I'extinction est produite par la va
Ctronique elle-méme

URCE: IEC 60050-551:1998, 551-16-20]

15

nction externe

hode d’extinction~sans commutation dans laquelle I'extinction résulte de causes externe
alve

1 a larticle;/~Dans les convertisseurs commutés par le réseau, I’extinction externe se produit en régim
uction discontinue.

par

hode de commutation autonome dans laquelle la tension.de_.commutation est fournie pdr le

lve

s a

b de

éte

[SQURCE: IEC 60050-551:1998, 551-16-21, modifié — L’expression "valve électronique" a
rempldcée par "valve" et la Note a l'article a été ajoutée]

3.5 Caractéristiques de commutation

3.5.1

circuit de commutation
circuit constitué par les bras commutants et la source fournissant la tension de commutation

[SOURCE: IEC 60050-551:1998, 551-16-03]
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3.5.2
tension de commutation
tension qui provoque la commutation de courant

[SOURCE: IEC 60050-551:1998, 551-16-02]

3.5.3
inductance de commutation
inductance totale comprise dans le circuit de commutation

Notg 1 a I'article: Pour les convertisseurs commutés par le réseau ou par machine, la réactance de commutation
est fimpédance de I'inductance de commutation a la fréquence fondamentale.

[SQURCE: IEC 60050-551:1998, 551-16-07, modifié — La Note a l'article a été ajoutée]

3.5)4

intervalle de commutation
intdrvalle de temps au cours duquel les bras commutants conduisent simultanément le coufant
prirfcipal

[SQURCE: IEC 60050-551:1998, 551-16-04]

3.5(5
andle d’empiétement

u
durge de la commutation exprimée en mesure angulaire

[SQURCE: IEC 60050-551:1998, 551-16-05, modifié — Le symbole uy a été ajouté]

3.5/6
endoche de commutation
transitoire périodique de tension qui peut apparaitre sur la tension alternative d’un
convertisseur commuté par le réseau ou par machine, du fait de la commutation

[SQURCE: IEC 60050-551:1998, 551-16-06]

3.5|7
trapsitoire répétitif-de commutation
osdjllation de tensionassociée a I’encoche de commutation

3.5/8
groupe commutant
groppede bras principaux qui commutent cycliquement entre eux sans commutation
intﬁrmédiaire du courant vers d’autres bras principaux

[SOURCE: IEC 60050-551:1998, 551-16-08]

3.5.9
indice de commutation

q
nombre de commutations d’un bras principal a un autre pendant une période élémentaire dans

chaque groupe commutant

[SOURCE: IEC 60050-551:1998, 551-17-03, modifié — Le symbole g a été ajouté]
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3.5
ind
p

.10
ice de pulsation

nombre de commutations non simultanées et symétriques directes ou indirectes d’un bras
principal a un autre qui se produisent pendant une période élémentaire

[SOURCE: IEC 60050-551:1998, 551-17-01, modifié — Le symbole p a été ajouté]

angle de retard de I’ordre d’amorcgage

[2

dars le cas de la commande de phase, durée exprimée en mesure angulaire pendant lagu

I’im

Notg 1 a I'article: Pour les convertisseurs commutés par le réseau, par machine ou par la charge, l'instan|

réfé

pulsion d’amorcage est retardée par rapport a un instant de référence

elle

t de

ence est l'instant de passage par zéro de la tension de commutation. Pour les gradateurs;-c’est I'instant de

pasgage par zéro de la tension d’alimentation. Pour les gradateurs associés a des charges_inductives, I'angl¢ de
retafd de I'ordre d’amorgage est la somme du déphasage et de I'angle de retard a 'amorgage.

[SQURCE: IEC 60050-551:1998, 551-16-33, modifié — Le symbole a a'été ajouté]

3.5]11

angle d’avance de I'ordre d’amorgage

ﬁ , . , . . . -
durge exprimée en mesure angulaire pendant laquelle I'impulsion d’amorcage est avancée |par
rapport a I'instant de référence

Notg 1 a I'article: Pour les convertisseurs commutés parsle“réseau, par machine ou par la charge, I'instan|

réfé

[SQURCE: IEC 60050-551:1998, 551-16-34;.:modifié — Le symbole § a été ajouté]

3.5
ang

%

ang
et

Notd
vale

[SC

3.5
ang

e

ence est l'instant de passage par zéro de la tension,de.eommutation.

12
le de retard propre

le de retard a I'amorcageapparaissant, méme en I'absence de commande de phg
rovoqué par empietement multiple

1 a l'article: L’empiétement multiple se produit sur des convertisseurs a commutation par le réseau, pour
urs élevées de I'angle d’empietement.

URCE: IEC 60050-551:1998, 551-16-35, modifié — Le symbole a,, a été ajouté]

13
le d’extinction

t de

se,

des

dur

6€, EXprimee en Mmesure angutaire, entre finstanta extimction du courant de bras et Hins

ou il est exigé que le bras supporte un front raide de montée de la tension

3.5.14

intervalle de suppression
intervalle entre l'instant ou le courant de conduction dans une valve a accrochage s’annule et
I'instant ou cette méme valve est appelée a supporter a nouveau une tension directe a I'état
bloqué

[SOURCE: IEC 60050-551:1998, 551-16-45]

ant
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3.6 Valeurs assignées

3.6.1

valeur assignée

valeur d’'une grandeur, utilisée a des fins de spécification, correspondant a un ensemble
spécifié de conditions de fonctionnement d’'un composant, dispositif, matériel ou systeme

Note 1 a [larticlez La grandeur peut décrire des propriétés électriques, thermiques, mécaniques ou
environnementales.

Note 2 a larticle: Dans le cas des convertisseurs a semiconducteurs, les valeurs assignées s’appliquent

habitgeHemert-a-ure—vralre—a-serteorductetts—HR-ersemble—de—valres—ouuR—-eoRverisseur
e e itau i e—vyarvea-Se e oRauEcte U e RSemore—ae~varv e s otdhi—coveradSSedt

Notg 3 a I'article: La valeur nominale d’un réseau (par exemple tension nominale, IEC 60050-601:1985, 60%-01-21)
est gouvent égale a la valeur assignée correspondante du matériel lorsque les deux valeurs sont dans |€5 limitefs de
toléfance d’'une grandeur.

Notgd 4 & I'article: A la différence de nombreux autres composants électriques, les dispositifs_ @ s€miconducteurs
peuyent étre détruits méme pour un temps trés court de fonctionnement si des valeurs maximales assignées pont
dépassées.

Notg 5 & l'article: 1l convient que les variations des valeurs assignées soient spécifiées. Certaines valpurs
assipgnées sont des valeurs limites. Ces valeurs limites peuvent étre soit maximales sait‘minimales.

[SQURCE: IEC 60050-151:2001, 151-16-08, modifié — Les Notesa-larticle ont été ajoutées

—_

3.6]2
fréquence assignée
IN

fréquence spécifiée du cbté courant alternatif du cofivertisseur

3.6{3
tension assignée co6té réseau
UL\
valgur efficace spécifiée de la tension entre les conducteurs c6té réseau du convertisseur

Notg 1 a l'article: Si I’enroulement du transformateur c6té réseau comporte des prises, la valeur assignée de la
tensjon cété réseau doit correspondre a unhe prise spécifiée qui est en fait la prise principale.

3.6/4

tension assignée c6té valve du transformateur
le\
valgur efficace de Ja‘tension a vide entre les bornes de phases de commutation, vectoriellement
successives, deyl’enroulement du transformateur co6té valve pour la tension assignée doété
réseau dudit transformateur

Notg 1 a I'acrticle: Si le convertisseur ne comporte pas de transformateur, au sein de I'’enveloppe d’un convertispeur
poul raccordement direct, la tension assignée cété valve est la tension assignée cété réseau du convertisseur.
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3.6.5

courant assigné coté réseau

I

valeur efficace maximale du courant du convertisseur c6té réseau dans les conditions
assignées

Note 1 a l'article: Le courant assigné cété réseau tient compte de la charge assignée et de la combinaison la plus
sévere de toutes les autres conditions dans leurs gammes spécifiées, par exemple variations de la tension et de la
fréquence du réseau.

Note 2 a I'article: Pour les équipements polyphasés, cette valeur est calculée d’aprés le courant continu assigné
sur f[abased'onmdes Tectanyutaites detouTant dans tes bras dutonvertisseurconvient e specifier ta basg de
calcpl dans le cas des équipements monophasés.

Notg 3 a l'article: Le courant assigné de réseau comprend les courants fournis aux circuits atxiliaire§ du
conyertisseur. Il tient compte également de I'effet de 'ondulation du courant continu et du courant deycirculation|, s’il
y a ljeu.

3.6)6

coyrant assigné céoté valve
IvN
valgur efficace maximale du courant du convertisseur c6té valve dans\les conditions assignges

Notg 1 a I'article: Le courant assigné coté valve tient compte de la charge-assignée et de la combinaison la [plus
sévdre de toutes les autres conditions dans leurs gammes spécifiées, parsexemple variations de la tension et de la
fréqience du réseau.

Notg 2 a I'article: Pour les équipements polyphasés, cette valeur,est-calculée d’aprés le courant continu assjgné
sur lla base d’ondes rectangulaires de courant dans les bras du conyertisseur.

Notg 3 a I'article: Il convient de spécifier la base de calcul. dafis le cas des équipements monophasés.
3.6]7

puissance apparente assignée coté réseau

SLN

puissance apparente totale aux bornes cété réseau a la fréquence assignée, a la tengion
asslignée coté réseau et au courant assigné coté réseau

3.6)8
tension continue assignée
Uan
val¢ur moyenne, spécifiée par le fabricant, de la tension continue entre les bornes a coufant
continu de I'’ensemble/ou de I'équipement, pour le courant continu assigné

3.6/9
coyrant continu assigné
Tyn
valtur meyenne du courant continu spécifiée par le fabricant pour des conditions de charge et
de gervice déterminées

Note 1 a I'article: Cette valeur peut étre désignée comme la valeur 1,0 p.u., a laquelle d’autres valeurs de Iy sont
comparées.
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3.6.10

courant continu permanent assigné

IgmN

valeur moyenne du courant continu qu'un ensemble ou un convertisseur est capable de
supporter en régime permanent sans dommage et pour des conditions de service spécifiées

Note 1 a I'article: Le courant continu permanent assigné d’'un ensemble est trés souvent nettement plus élevé que
le courant continu assigné de I’équipement complet correspondant. Il s’agit d’'une valeur maximale.

Note 2 a I'article: Le courant continu permanent assigné d’'un ensemble peut étre limité par d’autres composants
que le semiconducteur.

3.6]11
courant continu maximal de créte

Tyshin
valgur moyenne du courant continu qu'un ensemble ou un convertisseur est ‘capable|de
supporter sans dommage, pendant une courte durée spécifiée, en commenc¢antpar une durée
non définie a la valeur de courant assignée, suivi d’'une période temporaire la vide

Notg 1 a l'article: La valeur et la durée du courant de pointe (courant continu maximal(de créte 7,5,), @insi qge la

durde minimale de fonctionnement a vide avant de supporter tout nouveau courant; participent a la définitiop du
coufnfant continu maximal de créte.

3.6]12
courant continu maximal de créte intermittent

T4rN
valgur moyenne du courant continu qu'un ensemble’ ou un convertisseur est capable| de
supjporter sans dommage, pendant une courte durée spécifiée et de fagon intermittepte,
en commengant par toute valeur de courant inférieure ou égale a la valeur de courant assigrée,
pui$ en revenant a toute valeur de courant inférieure ou égale a la valeur de courant assignée

Notg 1 a l'article: La valeur et la durée du courant‘de pointe (courant continu maximal de créte intermittent 7 ,d,,\)

ains] que la durée minimale entre les applications*de charges de créte intermittentes participent a la définitiop du
coufnfant continu maximal de créte intermittent.

3.6)13

coyrant assigné pour le service de charge de pointe
valgur moyenne du couranticontinu qu'un ensemble ou un convertisseur est capable| de
supporter, pendant une durée spécifiée et dans des conditions de service détermindes,
assjociée a la valeur detcourant continu maximale de créte pendant une courte durée

Notg 1 a larticle: Les caractéristiques du courant continu maximal associé I g, Participent a la définitiop du
servjce temporaire;. Pour plus d’'informations, voir 6.4.3.2.

3.6]14

coyrant.assigné pour service continu avec surcharges de créte
val¢ur,moyenne du courant continu qu'un ensemble ou un convertisseur est capable| de
supporter, pendant une durée illimitée et dans des conditions de service spécifiées, aveq un
courant continu maximal de créte intermittent d’amplitudes et de durées spécifiées

Note 1 a I'article: Les caractéristiques du courant continu maximal de créte intermittent associé I,z,,\ Participent a
la définition du courant assigné pour un service continu avec application de surcharges de créte.

3.6.15

courant assigné pour un service de charge répétitive

courant continu assigné de I’ensemble ou du convertisseur, spécifi€¢ comme la valeur efficace
du courant de charge, calculée sur la période du cycle de charge

Note 1 a I'article: Il convient de spécifier la classe de service sous la forme d’une suite de valeurs de courants en
spécifiant leurs durées. Un "service de charge répétitive" est également désigné sous l'appellation "service
périodique". Voir 6.4.3.2 c).
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3.6.16
puissance assignée c6té courant continu
produit de la tension continue assignée et du courant continu assigné

Note 1 a l'article: Du fait de I'ondulation du courant et de la tension, la puissance mesurée cb6té courant continu
peut différer de la puissance assignée cdté courant continu telle que définie.

3.7 Tensions, courants et facteurs spécifiques

3.71

tension continue fictive a vide
Ugi
tengion a vide théorique d’un convertisseur alternatif-continu en supposant qu’il nty™~g ni
rédpction de tension par réglage de phase, ni tensions de seuil des valves électroniqyes,
ni remontée de tension aux faibles charges

[SQURCE: IEC 60050-551:1998, 551-17-15, modifié — Le symbole Uy, a été ajouté]

3.7)2
tension continue fictive a vide avec réglage
Udi
tengion a vide théorique d’un convertisseur alternatif/continu- correspondant a un angle| de
retgrd spécifié de I'ordre d’amorgage en supposant qu’il n'y a ni tensions de seuil des valyes
élegtroniques, ni remontée de tension aux faibles charges

[SQURCE: IEC 60050-551:1998, 551-17-16, modifié/=)Le symbole Uy, a été ajouté]

3.7]3
tension continue conventionnelle a vide
Udg
val¢ur moyenne de la tension continue gure I’'on obtiendrait en extrapolant la partie de la courbe
caractéristique tension/courant correspondant a la conduction continue du courant redregsé
jusqu’a l'axe des ordonnées (courant nul) a angle de retard de I'ordre d’amorgage pul,
c’est-a-dire sans réglage de phase

Notg 1 a l'article: Uy, est égalela la'somme de U, et de la chute de tension a vide dans I'ensemble.

[SQURCE: IEC 600505561:1998, 551-17-17, modifié — Le symbole Uy, et la Note a l'article|ont
étélajoutés]

3.7)4
tension continue conventionnelle a vide avec réglage

tensmn/courant correspondant ala conduct|on continue du courant redresse Jusqu ‘a I'axe des
ordonnées (courant nul)

Note 1 a I'article: U,

i, €St €gale a la somme de U, et de la chute de tension a vide dans I'ensemble.

[SOURCE: IEC 60050-551:1998, 551-17-18, modifié — Le symbole Uyg, et la Note a I'article ont
été ajoutés.]
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3.7.5
tension continue réelle a vide

Udgo0
valeur moyenne de la tension continue effective pour un courant continu nul

[SOURCE: IEC 60050-551:1998, 551-17-19, modifié — Le symbole Uyqq a été ajouté]

3.7.6

chute de tension continue
différence entre la tension continue conventionnelle a vide et la tension continue en charge,
poyr un méme angle de retard de I'ordre d’amorgage ne tenant pas compte de I'effet correctif
d’upe stabilisation éventuelle de tension

Notg 1 a l'article: Si I'on utilise un dispositif de régulation de tension, se reporter également a 3.7:9\
Notg 2 a l'article: La nature du circuit a courant continu (par exemple condensateurs, charge_ électromotric¢ de

retopr) peut influencer notablement la variation de tension. Lorsque tel est le cas, une attention toute particuliere
peuf étre exigée.

[SQURCE: IEC 60050-551:1998, 551-17-21, modifié — Les Notes a |'article ont été ajoutéeq

—_

3.7|7
chyte propre de tension intrinséque
varlation de tension continue ne tenant pas compte de I'effet de I'impédance du réseau a
courant alternatif

[SQURCE: IEC 60050-551:1998, 551-17-22]

3.7)8
chyte totale de tension continue
varjation de tension continue tenant compte de l'effet de I'impédance du réseau a coufant
altgrnatif

[SQURCE: IEC 60050-551:1998,:651-17-23]

3.719
plage de tolérances de la tension de sortie
plage spécifiée des valeurs, en régime établi, d’'une tension de sortie stabilisée autour dg sa
val¢ur nominale ou_de)sa valeur de réglage

3.7/10

coyrant critique
valgur moyenne du courant continu d’'un montage convertisseur au-dessous de laquell¢ le
cojrant continu des groupes commutants devient intermittent, lorsqu’on fait décroitre le coufant

[SOURCE: IEC 60050-551:1998, 551-17-20 modifié — Cette modification ne concerne que la
version anglaise]

3.7.11

facteur de conversion

rapport de la puissance de sortie fondamentale ou de la puissance de sortie en courant continu
a la puissance d’entrée fondamentale ou a la puissance d’entrée en courant continu

Note 1 a l'article: La puissance fondamentale (IEC 60050-551:1998, 551-17-08) constitue la puissance active
déterminée par les composantes fondamentales de la tension et du courant.

Note 2 a I'article: Pour les besoins de la présente définition, la puissance en courant continu constitue le produit
de la valeur moyenne de la tension et de la valeur moyenne du courant.

[SOURCE: IEC 60050-551:1998, 551-17-10, modifié — Les Notes a I'article ont été ajoutées]
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3.7.12

ren

dement

rapport de la puissance de sortie a la puissance d’entrée du convertisseur

Note 1 a l'article:

Dans le facteur de conversion, la puissance des composantes alternatives du courant et de la

tension c6té courant continu n’est pas prise en compte. Dans le rendement, la puissance de ces composantes
alternatives du courant et de la tension c6té courant continu est incluse dans la puissance c6té courant continu. Par
conséquent, le facteur de conversion a une valeur inférieure pour la conversion du courant alternatif en courant
continu. Pour un convertisseur monophasé a deux impulsions (et a deux alternances), avec charge résistive, la
valeur maximale théorique du facteur de conversion est 0,81 p.u., ou 1,0 p.u. représente le rendement maximal.

Note 2 a I'article:

Le facteur de conversion ne peut étre obtenu correctement que par la mesure de la composante

fondamentale de Ta puissance coté courant alternatit et des composanies a frequence nulle de tension et de col
cOté| courant continu. Le rendement peut étre obtenu correctement, soit par la mesure des valeurs efficaces\d

puispance c6té courant continu et de la puissance c6té courant alternatif, soit par le calcul ou la mesure des*pe
intefnes.
Notg 3 a I'article: |l faut tenir compte de la puissance active (valeur moyenne de la puissarce) c6té coJ

altenatif, et de la valeur moyenne de la puissance c6té courant continu.

3.7
fac
A

rap
pér

Noteg
acti

[SC

3.7
fac
fac
cos

en
pui

Noteg

3.7

13
teur de puissance
bort de la valeur absolue de la puissance active P a la puissance apparente S, en rég

odique

Ll
S

1 a l'article: En régime sinusoidal, le facteur de puissance est la valeur absolue du facteur de puissa
e.

URCE: IEC 60050-131:2002, 131-11-46,modifié — Le symbole 1 a été ajouté]

14
teur de puissance de I'onde fondamentale
teur de déphasage tension-courant

1
(€égime périodique, rapport.de la puissance active des composantes fondamentales P,

bsance apparente des composantes fondamentales S,

P
COSpy = -
1

1 a l'article Pour la définition du déphasage tension-courant, voir I'lEC 60050-131:2002, 131-11-48.

15

rant
ela
rtes

rant

me

nce

fac
1%

tleur de déformation

rapport du facteur de puissance total 4 sur le facteur de déphasage tension-courant cos g,

Note 1 a l'article:

Voir

A
V=
COSp;

la Note 2 a I'article en 3.10.14.

Lorsque la tension est sinusoidale, le facteur de déformation équivaut au facteur fondamental.
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3.8 Refroidissement

3.8.1

milieu de refroidissement

liguide (par exemple eau) ou gaz (par exemple air) qui absorbe la chaleur produite par
I’équipement

3.8.2

fluide réfrigérant

liguide (par exemple eau) ou gaz (par exemple air) inclus dans I'équipement destiné a
transpaorter la chaleur de la source vers un ér‘hnngmlr d’ol la chaleur est extraite par le milieu

de refroidissement

3.8]3
refroidissement direct
modgle de refroidissement dans lequel le milieu de refroidissement est en contaet.direct avec|les
parfies de I'équipement a refroidir, c’est-a-dire n’utilisant pas de fluide réfrigérant

3.8)4
refroidissement indirect
modle de refroidissement dans lequel un fluide réfrigérant est utilisé pour transporter la chaleur
defuis la partie a refroidir jusqu’au milieu de refroidissement

3.85
reffoidissement naturel
convection

mogle de circulation du fluide de refroidissement” (milieu de refroidissement ou fldide
réfrigérant), utilisant la variation de masse volumigue (densité) avec la température

3.8)6

refroidissement forcé
modle de circulation du milieu de refroidissement ou du fluide réfrigérant utilisant un ou fdes
souffleurs, ventilateurs ou pompes

3.8]7

refroidissement mixte
mogle de circulation du miliet de refroidissement ou du fluide réfrigérant, utilisant la circulation
natpirelle ou la circulation forcée suivant les circonstances

Notg 1 a I'article: La\circulation mixte peut étre appliquée a faible charge ou en surcharge ou dans le ca$ de
fonctionnement de.secours.

3.8)8
tenmpérature d’équilibre
température de régime permanent atteinte par un composant du convertisseur dans fes
conditions spécifiées de charge et de refroidissement

Note 1 a l'article: Les températures de régime permanent sont en général différentes pour des composants
différents. Les temps nécessaires pour atteindre le régime permanent (stabilisation) sont également différents et
augmentent avec les constantes de temps thermiques.

3.8.9

température de I’air ambiant

température de l'air environnant I'équipement de conversion de puissance, mesurée a
mi-distance de tout équipement voisin, mais pas a plus de 300 mm de I'enceinte, a mi-hauteur
de celle-ci, en un point abrité du rayonnement thermique direct de I'’équipement
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10

température du milieu de refroidissement pour refroidissement par air et par gaz
température moyenne mesurée a I'extérieur de 'équipement en des points distants de 50 mm

de |

Note 1 a I'article:

en 3

3.8.

‘entrée de I’équipement

.8.9.

1

température du milieu de refroidissement pour refroidissement par liquide

Pour I’évaluation de la proportion de chaleur rayonnée, la température ambiante est celle définie

température mesurée dans la canalisation a 100 mm en amont de I'entrée du liquide

3.8]12

température du fluide réfrigérant

température du fluide réfrigérant mesurée en un point qui est a définir par le fournisseur

3.9] Tolérances relatives aux conditions de service et compatibilité électromagnétique
3.91

compatibilité électromagnétique

CEM

aptlftude d’'un équipement ou d'un systeme a fonctionnetrydans son environnement

éle
éle

[SQ

ctromagnétiques intolérables pour tout ce qui se trouve dans cet environnement
URCE: IEC 60050-161:2018, 161-01-07]

2

ssion électromagnétique

ssion

cessus par lequel une source fournit del'énergie électromagnétique vers I'extérieur

<d’
co

URCE: IEC 60050-161:2019, 161:01-08, modifié — Le terme en variante "émission" a
té]

3

au d’émission

n convertisseur>_ niveau d’une perturbation électromagnétique donnée, émise par
ertisseur utilisé~dans des conditions déterminées et mesurée selon une méth

ctromagnétique de fagon satisfaisante et sans produire)lui-méme des perturbatipns

éte

un
bde

un
un
bde

spécifique

[SQURCE: IE€-60050-161:1990, 161-03-11, modifié — Le domaine "d’'une source perturbatr
a élé remplacé par "d’un convertisseur" et I'expression "par un dispositif, un appareil ou
systéme- particulier et mesurée d’'une maniére spécifiée" a été remplacée par "par
convertisseur utilisé dans des conditions déterminées et mesurée selon une méth
Sp'r*ifiqnn"]

3.94

perturbation électromagnétique
phénoméne électromagnétique susceptible de dégrader le fonctionnement d’un dispositif, d’'un
équipement ou d’un systéme, ou d’affecter défavorablement la matiére vivante ou inerte

[SOURCE: IEC 60050-161:2018, 161-01-05, modifié — Les Notes a I'article ont été supprimées]
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3.9.5

niveau de perturbation électromagnétique

niveau d’'une perturbation électromagnétique existant a un endroit donné et résultant de la
contribution de toutes les sources de perturbation

[SOURCE: IEC 60050-161:1990, 161-03-29]

3.9.6

niveau de référence de la perturbation produite par un convertisseur
niveau estimé de la perturbation produite par un convertisseur lorsque les conditions réelles de
seryice ne sont pas ConNnues et que fes conditions assignees de Service sont UtliSées, pour
calg¢uler ou mesurer le niveau de perturbation

Notg 1 a I'article: Le niveau de perturbation dépend généralement de I'impédance de la source d’alimentation| qui
ne peut étre considérée comme une grandeur propre du convertisseur.

3.9(7
immunité a une perturbation
aptitude d’un dispositif, d’'un appareil ou d’'un systéme a fonctionner .sans dégradation| en
présence d’'une perturbation électromagnétique

[SQURCE: IEC 60050-161:1990, 161-01-20]

3.9]8

niveau d’immunité d’un convertisseur
valfur spécifiée d'un niveau de perturbation électfomagnétique en dessous duquel| un
convertisseur est destiné a satisfaire aux performances exigées, a continuer de fonctionnef ou
a prévenir tout dommage

Notg 1 a I'article: Cette définition est propre au convertisseur. Une description du concept générique de niyeau
d’immunité est donnée dans I'lEC 60050-161:1990,461-03-14.

3.9/9
puissance de court-circuit relative
Rsq
rapport de la puissance de cgurt-circuit de la source a la puissance apparente assignée ¢oété
réseau des convertisseurs

Notg 1 a l'article: Ry se.rapporte a un point donné du réseau, pour des conditions spécifiées de fonctionnerpent
et ppur une configurationspécifiée du réseau.

Notg 2 a l'article:_«La‘série IEC 61000-3 définit le rapport de court-circuit comme la puissance de court-circuit e la

sourice au PCC¢{_et'non comme la puissance de court-circuit de la source a I'I|PC d’utilisation du convertisgdeur.
Le rjsque de_confusion est clarifié a I'Article B.2.

3.10 _Distorsion harmonique

NOTE—4 : . " e i - e TSR L : e mt L
L = LTOo TUUAUIUTTS Uadllo TS UTTITIUIUTTS LIFUTSSUUS TTIAlIVES aUA UTSTUTSTUTTS TTatTiiuTiigquTc s UutliisTiit 1 SyTiTu e Q
pour représenter une grandeur. Lorsque ces équations sont utilisées dans des applications spécifiques, Q est
remplacé par le symbole réel de la grandeur, par exemple U pour la tension, I pour 'intensité. Dans les autres
parties du présent document, Q est le symbole utilisé pour la puissance réactive (voir Tableau 2). Les explications a
I'appui de ces définitions sont données a I’Annexe A.

3.10.1

point de couplage commun

PCC

point électriquement le plus proche d’'une charge particuliere, situé sur le réseau public de
distribution d’énergie, auquel d’autres charges sont ou pourraient étre raccordées

Note 1 a I'article: L’abréviation "PCC" est dérivée du terme anglais développé correspondant "Point of Common
Coupling".

[SOURCE: IEC 61000-2-4:2002, 3.1.6]
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3.10.2

point de couplage interne

IPC

point électriquement le plus proche d’une charge particuliére, situé sur un réseau non public de
distribution d’énergie ou a [lintérieur d’une installation, auquel d’autres charges sont ou
pourraient étre raccordées

Note 1 a I'article: Usuellement I'|PC est le point auquel on étudie la compatibilité électromagnétique.

Note 2 a l'article: L’abréviation "IPC" est dérivée du terme anglais développé correspondant "In-plant Point of
Coupling".

[SQURCE: IEC 61000-2-4:2002, 3.1.7]

3.10.3
fréquence fondamentale
fréquence de la composante fondamentale

[SQURCE: IEC 60050-551:2001, 551-20-03]

3.10.4

composante fondamentale
fondamental

<d’line série de Fourier> composante sinusoidale de la décomposition en série de Fourier d’tine
grahdeur périodique dont la fréquence est la fréquence deila grandeur elle-méme

Notg 1 a I'article: Pour I’analyse pratique, il peut étre nécessaire de procéder a une approximation de la périodigité.

[SQURCE: IEC 60050-551:2001, 551-20-01]

3.10.5

composante fondamentale de référence
composante sinusoidale de la décomposition en série de Fourier d’'une grandeur périodigue
dont la fréquence est celle a laquelte toutes les autres composantes sont référencées et|qui
n'est pas la composante fondamentale

Notg 1 a 'article: Lorsqu’il est clairement établi dans le contexte qu’il est question de la composante fondamenjtale
de reférence, on peut omettre le gqualificatif "de référence", mais ce document ne recommande pas cet usage.

Notg 2 a I'article: Pour llanalyse pratique, il peut étre nécessaire de procéder a une approximation de la périodigité.
Notg 3 a l'article: En‘électronique de puissance, la composante a la fréquence du réseau d’alimentation a coyrant

altefnatif ou a la<requence des grandeurs de sortie du convertisseur est souvent choisie comme compospnte
fondamentale de référence.

[SQURCE=IEC 60050-551:2001, 551-20-02]

3.10.6
fréquence fondamentale de référence
fréquence de la composante fondamentale de référence

Note 1 a l'article: Lorsqu’il est clairement établi dans le contexte qu’il est question de la composante fondamentale
de référence, on peut omettre le qualificatif "de référence", mais ce document ne recommande pas cet usage.

[SOURCE: IEC 60050-551:2001, 551-20-04]
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3.10.7

fréquence harmonique

fréquence qui est un multiple entier supérieur a 1 de la fréquence fondamentale, ou de la
fréquence fondamentale de référence

Note 1 a l'article: Le rapport de la fréquence harmonique a la fréquence fondamentale, ou a la fréquence
fondamentale de référence, est appelé rang harmonique (notation recommandée: #).

[SOURCE: IEC 60050-551:2001, 551-20-05, modifié — La Note a l'article a été ajoutée]

3.10.8

corlrposante harmonique
composante sinusoidale d’'une grandeur périodique dont la fréquence est une fréguepce
harmonique

Notg 1 a I'article: Par souci de concision, cette composante peut simplement étre désignée commeldn harmonifjue.
Notg 2 a I'article: Pour I'analyse pratique, il peut étre nécessaire de procéder a une approximation de la périodicité.
Notg 3 a l'article: La valeur est normalement exprimée comme une valeur efficace.

[SQURCE: IEC 60050-551:2001, 551-20-07, modifié¢ — Les Notes 1\et 3 a Il'article ont [été
ajoulitées]

3.1p.9
fréquence interharmonique
fréquence qui est un multiple non entier de la fréquence fondamentale de référence

Notg 1 a l'article: Par extension du rang harmonique, le rangjinterharmonique désigne le rapport de la fréqugnce
intejharmonique a la fréquence fondamentale de référence. Ce rapport n’est pas un entier (notation
recdmmandée: m).

Notg 2 a [larticle: Lorsque m <1, le terme "fréqUence sous-harmonique" peut également étre empjoyé
(voil ''EC 60050-551:2001, 551-20-10).

[SQURCE: IEC 60050-551:2001, 551-20-06, modifié — Les Notes a l'article ont été ajoutéeq

—_

3.10.10

composante interharmonique
composante sinusoidale d’'une grandeur périodique dont la fréquence est une fréquepce
intdrharmonique

Notg 1 a I'article: Parsouci de concision, cette composante peut simplement étre désignée comme un
intefharmonique.

Notg 2 a I'articlei/~Pour I'analyse pratique, il peut étre nécessaire de procéder a une approximation de la périodigité.
Notg 3 a l'artiele: La valeur est normalement exprimée comme une valeur efficace.

Notg 4 @& I'article: Comme indiqué dans I'l[EC 61000-4-7, la fenétre temporelle a une largeur de 10 périgdes
fondamentales (svystemes—de 50 l—l'l) olu—de 12 nériodes  fondamentalss (cycfémnc de—60 I-I-:)‘ cest-altdire
approximativement 200 ms. La différence de fréquence entre deux composantes interharmoniques consécutives est
donc d’environ 5 Hz. Dans le cas d’autres fréquences fondamentales, il convient de choisir la fenétre temporelle
entre 6 périodes fondamentales (environ 1 000 ms a 6 Hz) et 18 périodes fondamentales (environ 100 ms a 180 Hz).

[SOURCE: IEC 60050-551:2001, 551-20-08, modifi¢ — Les Notes 1, 3 et 4 a I'article ont été
ajoutées]
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3.10.11
résidu harmonique
somme des composantes harmoniques d’'une grandeur périodique

Note 1 a I'article: Le résidu harmonique est une fonction du temps.
Note 2 a I'article: Pour I’analyse pratique, il peut étre nécessaire de procéder a une approximation de la périodicité.

Note 3 a l'article: Le résidu harmonique dépend du choix de la composante fondamentale. En cas d’ambiguité dans
le contexte on indique de quelle composante il s’agit.

Note 4 a l'article: La valeur efficace du résidu de distorsion est:

ou

représente le courant ou la tension;

s Q0

est le rang harmonique;

H est égal a 50 pour les besoins du présent document. Cette valeur a été longtemps_égale & 40 dans les nofmes
associées a l'électronique de puissance. Il convient désormais qu’elle soitegale a 50 conformémeht a
I'IEC 61000-2-2 et a I'lEC 61000-2-4.

[SQURCE: IEC 60050-551:2001, 551-20-12, modifié — La Noté 4 a I'article a été ajoutée]

3.10.12

rapjport harmonique total
distorsion harmonique totale
THD
rapport de la valeur efficace du résidu harmoenique a la valeur efficace de la composdnte
fonfdamentale ou de la composante fondameptale de référence d’une grandeur alternative

ou
O, hlet H sont identiques aux valeurs énumérées en 3.10.11;
0, désigne la valeur efficace de la composante fondamentale.

Notg 1 a I'article: Le_rapport harmonique dépend du choix de la composante fondamentale. En cas d’ambiguité
dang le contexte on indique de quelle composante il s’agit.

Notg 2 a I'articlé:..Le rapport harmonique total peut faire I'objet d’'une approximation a un certain rang (notgtion
recdmmandée’ H), a savoir 50 pour les besoins du présent document.

Notg 3 a(l'article: L’abréviation "THD" est dérivée du terme anglais développé correspondant "Total Harmpnic
Distprtion'

[SOURCE: IEC 60050-551:2001, 551-20-13, modifié — La notation recommandée et une valeur
ont été ajoutées a la Note 2 a l'article]
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3.10.13

résidu total de distorsion

grandeur obtenue en soustrayant d’'une grandeur alternative sa composante fondamentale ou
sa composante fondamentale de référence

Note 1 a Vlarticle: Le résidu total de distorsion comporte les composantes harmoniques et, s’il y en a,
les composantes interharmoniques.

Note 2 a I'article: Le résidu total de distorsion dépend du choix de la composante fondamentale. En cas d’ambiguité
dans le contexte on indique de quelle composante il s’agit.

Note 3 a I'article: Le résidu total de distorsion est une fonction du temps.

Notg & rarticle: Une grandeur alternative (symbole (J) est une grandeur periodique dont la composante congnue
est nulle.

Notg 5 a I'article: La valeur efficace du résidu de distorsion est:

2 2
Dg =40 = O
ou @, est détaillé en 3.10.12.

[SQURCE: IEC 60050-551:2001, 551-20-11, modifié — Un symbole a, &té ajouté a la Note |4 a
I’arficle. La Note 5 a l'article a été ajoutée]

3.1p.14

rapport total de distorsion
TDR
rapport de la valeur efficace du résidu total de distorsion & la valeur efficace de la composgnte
fonglamentale ou de la composante fondamentale de reférence d’une grandeur alternative

Dg “W0*-0
Oy O

Notg 1 a l'article: Le rapport total de distors§ion dépend du choix de la composante fondamentale. En|cas
d’ambiguité dans le contexte on indique de quelfe composante il s’agit.

DR:

Notg 2 & l'article: L’abréviation "TDR"xest dérivée du terme anglais développé correspondant "Total Distoftion
Ratip".

[SQURCE: IEC 60050-551¢£2001, 551-20-14, modifié — L’abréviation "TDR" et la formule dans
la Note 1 a l'article ont été ajoutées. La Note 2 a I'article a été supprimée]
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3.10.15

facteur total de distorsion

TDF

rapport de la valeur efficace du résidu total de distorsion a la valeur efficace d’'une grandeur
alternative

Note_1.a l'article: 1 e facte iguité

dang le contexte on indique de quelle composante il s’agit.

Notg 2 a I'article: Le rapport entre TDF et TDR équivaut au rapport de la valeur efficace de la ,compospnte
fondamentale sur la valeur efficace totale. Il s’agit du taux de fondamental , défini ans
I'lE¢G 60050-161:1990, 161-02-22.

Notg 3 a l'article: L’abréviation "TDF" est dérivée du terme anglais développé correspondani ™ Total Distoftion
Factor".

[SQURCE: IEC 60050-551:2001, 551-20-16, modifié¢ — L’abréyiation "TDF", la formule dang la
Note 1 a l'article et la Note 2 a l'article ont été ajoutées]

3.10.16

rapjport harmonique individuel
IHR
rapport entre une composante harmonique et lavaleur du fondamental

Notg 1 a I'article: Dans I'lEC 60050-161:1990, 161202-20, le rapport harmonique individuel est nommé le " taux du
n'®Mf harmonique". IHR a été choisi pour des raisons de cohérence avec la définition 3.10.11, et I'indice de rahg a

été flésigné par le symbole "4" en lieu et place-du symbole "»n" qui est souvent employé dans d’autres documgnts,
par gxemple pour la liste des entiers naturels,

[}
O

Notq 2 a I'article: La valeur du rappdrt-harmonique individuel est QIHR =

Notg 3 a l'article: L’abréviation,"IHR" est dérivée du terme anglais développé correspondant "Individual Harmjonic
Ratip".

3.10.17
rapport harmonique pondéré partiel
PWHR
rapport de la’valeur efficace d’'un groupe choisi d’harmoniques de rang supérieur, ponddrés
avelc legrang harmonique £, a la valeur efficace du fondamental

h=40 Z
OpwHR =4[ 2 h{&j

h=14 O

Note 1 a l'article: Le rapport harmonique pondéré partiel est utilisé afin de s’assurer que les effets des courants
d’harmoniques de rang supérieur sur les résultats sont réduits de maniére suffisante et qu’il n’est pas nécessaire de
spécifier des limites individuelles.

Note 2 a I'article: Un concept similaire concernant le courant harmonique est donné dans I'lEC 61000-3-12:2011,
3.2.

Note 3 a Il'article: L’abréviation "PWR" est dérivée du terme anglais développé correspondant "Partial Weighted
Harmonic Ratio".
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3.11 Définitions relatives a la coordination de I’'isolement

3.111

circuit électrique

circuit

<d’'un équipement> trajectoires de courant de composants ou d’ensembles, conducteurs ou
bornes raccordés entre eux par des connexions électriquement conductrices et isolés de la
partie restante de I’équipement

Note 1 a I'article: Si des parties du méme équipement sont raccordées par conduction uniquement au moyen d’un
réseau équipotentiel de protection, elles sont alors considérées comme des circuits distincts.

ie d’un circuit
ion d’un circuit ayant sa propre tension d’isolement assignée

misfe en ceuvre de liaisons électriques entre parties conductrices pour réaliser I’équipotentiglité

intdrconnexion de parties conductrices;-permettant d’assurer une liaison équipotentielle entre

1 al'article: L’abréviation "EBS" est dérivée du terme anglais développé correspondant "Equipotential Bonding

em-.

[SQURCE: IEC 60050-195:2021, 195-02-22]

3.11.6

réspau équipotentiel de protection

PEBS

réseau equipotentiel assurant une liaison équipotentielle de protection

Notg 1 a\JLarticle: L’abréviation "PEBS" est dérivée du terme anglais développé correspondant "Protegtive
Equfpetential Bonding System".

[SOURCE: IEC 60050-195:2021,195-02-23]

3.11.7

tension de service

tension de calcul dans un circuit ou tension d’isolement, dans les conditions d’alimentation
assignées (sans tolérances) et dans les conditions de service les plus défavorables

Note 1 a I'article: La tension de service peut étre en courant continu ou en courant alternatif. Les valeurs efficaces
et les valeurs de créte récurrentes sont utilisées.

3.11.8

classe de tension déterminante

plage de tensions calculée utilisée pour déterminer la classification des mesures de protection
contre le choc électrique
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3.11.9

tension d’isolement assignée

valeur de tension efficace assignée par le fabricant a I’équipement ou a une partie de ce dern
qui caractérise la capacité de résistance (a long terme) spécifiée de son isolation

ier,

Note 1 a I'article: La tension d’isolement assignée est supérieure ou égale a la tension assignée de I'’équipement,
ou a la tension assignée de la partie de I'’équipement concernée, qui est associée principalement aux performances

de fonctionnement.

Note 2 a I'article: La tension d’isolement assignée fait référence a I'isolation entre les circuits électriques, entre les

parties actives et les parties conductrices exposées et au sein d’un circuit électrique.

Notg 3 a l'article: Pour les distances d’isolement dans l'air et I'isolement sous charge, la valeur de créte, d
tensjon observée dans I'isolement ou la distance d’isolement dans I'air constitue la valeur déterminante de la ten
d’isqlement assignée. Pour les lignes de fuite, la valeur efficace constitue la valeur déterminante.

Notg 4 a I'article: La tension d’isolement assignée dépend du résultat de la recherche de coordination,de I'isoler
poul les systémes haute tension, ou de la surtension provisoire prévisible, la catégorie de surtension, et la va
efficace de la tension de service, selon la plus grande des deux valeurs.

[SQURCE: IEC 60664-1:2020, 3.1.18, modifi¢ — Le symbole U; a été supprimé. L’express

"valeur de la tension de tenue efficace" a été remplacée par "valelryde tension effica
La Note 1 a I'article a été clarifiée, et les Notes 2 a 4 a I'article ont été"ajoutées]

3.11.10
ion de choc assignée
litude de choc utilisée comme référence pour la définition d’un circuit et pour les ess

1 a l'article: La tension de choc assignée dépend du_résultat de la recherche de coordination de I'isoler
les systémes haute tension, ou des tensions de choc prévisibles de toute origine associées a la catégori

Not

caté

1 a l'article: L'IEC 60664-1 définit quatre catégories d’équipement:

orie I:  équipement raccordé (@ 'un circuit de distribution protégé contre un niveau défini de surtens

transitoires;
catégorie II: équipement non raccordé de fagon permanente a I'installation (tout IPC);
catégorie Ill: équipement~taccordé de fagon permanente a I'installation (tout IPC);

catégorie IV: équipement raccordé au point d’origine de I'installation (le plus proche du PCC).

contre’les chocs électriques

e la
Ision

hent
leur

ion

ce .

ais

hent
P de

ion

ions

ale

[SOURCE: IEC 60050-826:2004, 826-12-14, modifié — La définition a été reformulée]

3.11.13

isolation supplémentaire

isolation indépendante prévue, en plus de lisolation principale, en tant que protection en
de défaut

cas

Note 1 a l'article: L’isolation principale et I'isolation supplémentaire sont distinctes, chacune étant destinée a

assurer une protection principale contre les chocs électriques.

[SOURCE: IEC 60664-1: 2020, 3.1.31, modifié — La Note a 'article a été ajoutée]
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3.11.14
isolation double
isolation comprenant a la fois une isolation principale et une isolation supplémentaire

[SOURCE: IEC 60050-195:2021, 195-06-08]

3.11.15

isolation renforcée

isolation des parties actives dangereuses assurant un degré de protection contre les ch
électriques équivalent a celui d’une double isolation

0ocCs

sépgrément en tant qu’isolation principale ou isolation supplémentaire.

[SQURCE: IEC 60664-1:2020, 3.1.33]

3.11.16

séparation de protection

séplaration entre des circuits par le biais d’'une protection principal€’ et d’'une protec
suplplémentaire (isolation principale a laquelle s’ajoute une isolation* supplémentaire ou
écran de protection) ou d’'un moyen de protection équivalent (par-exemple isolation renforc

3.11.17

protection électrique par écran

protection par écran

séplaration de circuits électriques et/ou de conducteurs par rapport aux parties acti

gereuses par un écran de protection électrique_retié au réseau équipotentiel de protec
estiné a fournir une protection contre les chocs électriques

essdis de tension donnés:en 7.2.2.2. Pour une description du concept générique de trés basse tens
voir ['IEC 60050-195:202:1"195-05-24.

3.11.19
cirg¢uit de circuit TBTPtrés basse tension de protection
cirduit électrique dont les caractéristiques sont les suivantes:

la\tension ne dépasse pas la valeur de la trés basse tension;

URCE: IEC 60050-195:2021, 195-06-18,“modifié — L’adjectif "électrique” a été ajoutg

1 alarticle: L’isolation renforcée peut comporter plusieurs couches qui ne peuvent pas étre soumisesia I‘Jssai

on
un
ge)

ves
on

nu

les
ion,

— il existe une séparation de protection entre les circuits autres que les circuits TBTP
TBTS;

— il existe des dispositions pour procéder a la mise a la terre du circuit TBTP, ou de
parties conductrices accessibles, ou de ces deux éléments a la fois

ou

ses

Note 1 a l'article: Dans le présent document, la définition ci-dessus de circuit TBTP s’applique pour les essais de
tension donnés en 7.2.2.2. Pour une description du concept générique de trés basse tension de protection,

voir I'lEC 60050-195:2021, 195-06-29.
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