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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER ELECTRONICS SYSTEMS AND EQUIPMENT -

Operation conditions and characteristics
of active infeed converter applications

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for st
all national electrotechnical committees (IEC National Committees). The object| of IEC\s to promote

international co-operation on all questions concerning standardization in the electfical and
this end and in addition to other activities, IEC publishes International Stangdarg Wi e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any ittee’interested
in the subject dealt with may participate in this preparatory work. i g 9
governmental organizations liaising with the IEC also participate in fki . |E aborates closely
with the International Organization for Standardization (ISO) in accorda v
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3)

4)

5) Independent certification bodies provide conformity

marks of conformity. IEC is not responsible for any

6)

7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and

the publication, use of, or reliance upon, this IEC Publication or any other IEC

8) ormative references cited in this publication. Use of the referenced publications is

9) to the possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

* The subject is still under technical development or where, for any other reason, there is
the future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62578, which is a technical specification, has been prepared by IEC technical committee
22: Power electronic systems and equipment.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
22/145/DTS 22/160/RVC

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

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

The committee has decided that the contents of this publication will renyain tnchanged until
the maintenance result date indicated on the IEC web site under "htips{/webstore.iec.ch” in

« transformed into an International standard,
* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

*+ amended.

IMPORTANT - The “colour inside” Jogo o th ove hIS publication indicates
that it contains colours which are considered to ke u fuI for the correct understanding
of its contents. Users should thereforeprintthis publication using a colour printer.

@s@@
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INTRODUCTION

This technical specification is necessary because Active Infeed Converters (AIC) are a state
of the art technology in power electronic products but which have not been described very
well by standardization up to now.

AICs are necessary to feed back some inertia or braking power from a load back to the power
supply system

Dispersed power generating equipment is using such AICs to synchronise their voltages and
currents to the power supply system.

Therefore the advantage of using AICs in industrial as well as in dome
more and more interesting under light of the energy efficiency discussj@n.

premisgs becomes

help to mitigate harmonics in the power supply systery
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POWER ELECTRONICS SYSTEMS AND EQUIPMENT -

Operation conditions and characteristics
of active infeed converter applications

1 Scope

This technical specification describes the operation conditions and typical characteristics of
Active Infeed Converters (AIC) of all technologies and topologies whici cambe connected
between the electrical power supply system (lines) and a current or voltage stiff d.c.-side and
which can convert electrical power (active and reactive) in both
regenerative).

Active Infeed Converters are generally connected bétw
(lines) and a current or voltage d.c.-side, with t j
frequency harmonics (e.g. less than
Some of them can additionally control

en the
tive fq dishurden the system from low
g 'aoach of the lines current.

on of

The following is exclud

. requirement

applications;

ent or further functionality of active infeed

e probability of/i 3 ences of the AIC with other equipment caused by
parasitic eleme iN\e dn as well as their mitigation.

For dated referenses, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 61800-3, Adjustable speed electrical power drive systems — Part 3: EMC product
standard including specific test methods

IEC 61800-5-1, Adjustable speed electrical power drive systems - Part 5-1: Safety
requirements -electrical, thermal and energy

IEC 62040-1, Uninterruptible power systems (UPS) — Part 1: General and safety requirements
for UPS

IEC 62040-2, Uninterruptible power systems (UPS) — Part 2: Electromagnetic compatibility
(EMC) requirements

IEC 62103, Electronic equipment for use in power installations
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

Active Infeed Converter

AlIC

self-commutated electronic power converters of all technologies, topologies, voltages and
sizes which are connected between the a.c. power supply system (lines) and a stiff d.c.-side
(current source or voltage source) and which can convert electric power in both directions
(generative or regenerative) and which can control the reactive power or the power factor

Some of them can additionally control the harmonics to reduce the dist6
voltage or current.

v of an applied

Basic topologies may be realized as a Voltage Source Converter
Converter (CSC).

NOTE In the IEV, these terms (VSC and CSC) are defined as voltage™sti .cd.c. 551-12-03] and
current stiff a.c./d.c. converter [551-12-04]. Most of the AICs are bi-dire gnve

d.c. side. So, they are known as voltage source converters and—e
specification.

3.2
active infeed application
application using the advantages of a

3.3
active filter
AIC operating as a filter tg

3.4

PWM converter
converter genera 3

of its semiconducto

3.5

mean vajde N ith which the semiconductor valve devices of a PWM converter

NOTE In some convertersjthe switching frequency may not be the same for all semiconductor valve devices.

3.6

pulse frequency

frequency, resulting from the switching frequency and the converter topology, which
characterizes, together with the selected pulse pattern, the lowest frequency of non-
controllable harmonics or interharmonics at the In-plant Point of Coupling (IPC)

NOTE The switching frequency itself may not be present as a harmonic or interharmonic.

3.7

pulse pattern

pattern of the switched voltages or currents, measurable at the terminal of the converter,
resulting from pulse frequency and modulation schemes used
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3.8

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

NOTE The IPC is usually the point for which electromagnetic compatibility is to be considered. In case of
connection to the public supply system the IPC is equivalent to the Point of Common Coupling (PCC).

3.9
d.c.-side load
electrical device optionally connected to the d.c.-Side

NOTE The load may either consume or feed electrical energy.

3.10

short-time energy storage device
one or more inductors or capacitors providing rated power f
directly connected to the d.c.-Side

ms and

3.1

long-time energy storage device
device connected to the d.c.-link directly or by a se gnyucto
power for typically seconds to minutes

vice, providing rated

3.12
DC filter
a filter on the DC side of a converter, designed t

oI the ripple in the associated system

[IEV 551-14-18]

3.13
AC filter

a filter on the A Q ofive
in the associated sys

[IEV 551-14-19]

éd to reduce the circulation of harmonic currents

3.14

supply ipfpe

the actualkrestd npedance of the power supply system at the IPC

3.15
total impedance
resulting impedance consisting of the supply impedance and the supply-side filter impedance
of the AIC

NOTE In the range of controllable harmonics the total impedance can normally be approximated as purely
inductive.

3.16

effective supply-side filter impedance

effective impedance of the supply-side filter of the AIC for frequencies in the range of the
controllable harmonics or interharmonics

NOTE If no value for this range of frequencies can be given, the value for the fundamental frequency should
explicitly be given

3.17
control
purposeful action on or in a process to meet specified objectives
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[IEV 351-21-29]

3.18

fundamental component (of a Fourier series)

sinusoidal component of the Fourier series of a periodic quantity having the frequency of the
quantity itself

NOTE For practical analysis, an approximation of the periodicity may be necessary.

[IEV 551-20-01]

3.19

harmonic frequency
frequency which is an integer multiple greater than one of the fundamenig ency or of the
reference fundamental frequency

[IEV 551-20-05]

3.20
harmonic component
sinusoidal component of a periodic quantity having a harmc

NOTE For practical analysis, an approximation of the periodicit

[IEV 551-20-07]

3.21
controllable harmonics or interharmg
set of harmonic or interharmonic comp
strategy of the AIC

3.22
generated harmonics
set of harmonic@te

pulse pattern

3.23
electric powe
arithmetical

3.24
converter flu

arithmetical flux quantity resulting from integrating the supply-side converter voltage

3.25
controlled freewheeling circuit
a secondary circuit with a controllable valve device, not with a freewheeling diode

3.26

short circuit power

Ssc

value of the three-phase short-circuit power calculated from the nominal phase-to-phase
system voltage U,ominai @and the impedance Z of the system at the Point of Common Coupling
(PCC)

SSC = Uznominal 1z

Where Z is the supply impedance at the power frequency
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3.27

rated apparent power of equipment

Sequ

value calculated from the rated r.m.s. line current lqq, of the piece of equipment stated by
the manufacturer and the rated interphase voltage U;. 1)

Sequ= V3 X Ui X Iequ 1

3.28
short1 circuit ratio

Rsce
characteristic value of a piece of equipment derived from the short circuit

by the rated apparent power of the equipment (Sequ)

ower Ssc divided

RSCe = SSC/Sequ 1)

3.29
F3E-infeed (F3E = fundamental frequency front end)

voltage source converter with its commutation capacito
frequency switched semiconductor valve devices and

NOTE The d.c.-link capacitor which is normally a electrolyti
filter, designed to limit the voltage distortion cauged by the

3.30

converter topology
converter topology is the family te
connections

3.31
reactive power convefrter

converter for reagtive
without the flow tiv s

[IEV 551-12-15]

% that generates or consumes reactive power
g power losses in the converter

4 Genera eristics of PWM AIC Connected to the power supply
syst

In this clau
example.

4.1 Basic topologies and operating principles
411 General

Active infeed applications are mainly available with capacitive (VSC) and inductive (CSC)
smoothing on the d.c. side. Some converter concepts use no or nearly no d.c.-side smoothing.
The majority of installed units utilize capacitive smoothing.

Depending on the rated power and the power supply system availability the connection to the
power supply system may be single-phase or three-phase. The three-phase version is
selected for the examples.

1) for balanced three-phase equipment.



