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This|redline version of the official IEC Standard allows the user to identify the cha

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ADJUSTABLE SPEED ELECTRICAL POWER
DRIVE SYSTEMS -

Part 3: EMC requirements and specific test methods

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatieh cem

rnational co-operation on all questions concerning standardization in the electrical and elgctronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific

rising

national electrotechnical committees (IEC National Committees). The object of IEC,is“to prpmote

fis. To
tions,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to as| “IEC

rested

in|the subject dealt with may participate in this preparatory work. Internationatygovernmental and non-

ernmental organizations liaising with the IEC also participate in this preparation-’IEC collaborates glosely

with the International Organization for Standardization (ISO) in accordance, with  conditions determined by

htional
bm all

htional
bf IEC

Pdblications is accurate, IEC cannot be held responsible~fer/the way in which they are used or fgr any

latter.

itself does not provide any attestation ef ¢onformity. Independent certification bodies provide conf]
essment services and, in some areas, \access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nq liability shall attach to IEC or:its’ directors, employees, servants or agents including individual exper
mg¢mbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee{
expenses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

Atjention is drawn to_the Normative references cited in this publication. Use of the referenced publicati
indispensable for_the:correct application of this publication.

Atiention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
paftent rights. |EC shall not be held responsible for identifying any or all such patent rights.

ations
lgence
ted in

ormity

br any

s and
hge or
) and
r I[EC

bns is

ect of

hges

made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61800-3 has been prepared by subcommittee 22G: Adjustable
speed electric drive systems incorporating semiconductor power converters, of IEC technical
committee 22: Power electronic systems and equipment.

This third edition cancels and replaces the second edition published in 2004 and
Amendment 1:2011. This edition constitutes a technical revision.

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

a) clarification of requirements for the test report, particularly when a number of alternative
tgst methods exist;

b) introduction of a more detailed test setup for radiated emission measurements, along with
the introduction of a 3 m measurement distance for small size equipment;

c) ggeneral updates in the informative annexes.

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

FDIS Report on voting
22G/347/FDIS 22G/350/RVD

Full information on the voting for the approval of this Intermational Standard can be foupd in
the r¢port on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2, and with
IEC Guide 107.

A lisf of all parts in the IEC 61800 series,,published under the general title Adjustable speed
electrical power drive systems, can be found on the IEC website.

The ¢gommittee has decided that the-contents of this document will remain unchanged untjl the
stability date indicated on the IEG-website under "http://webstore.iec.ch" in the data relatpd to
the specific document. At this'date, the document will be

g¢confirmed,

-

e withdrawn,

—

gplaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover page of this publication
indicates that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this publication using a
colour printer.
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1

This [part of IEC 61800 specifies electromagnetic compatibility (EMC) requirements for\p
drive| systems (PDSs, defined in 3.1). These are adjustable speed AC or DC moter,d
Reqyirements are stated for PDSs with converter input and/or output voltages (line-td
voltape), up to 35 kV AC RMS.

PDSsg covered by this document are those installed in residential, commercial and indu
locatlons with the exception of traction applications, and electric vehicles. PDSs-may ca

con
sup

indus

sup
con

premijises, and in which the neutral is generally earthed (grounded).

The
few

systgm aspect is not covered by this document\but guidance is provided in the inform

ann

The

commercial and industrial locations. The requirements cannot, however, cover extreme ¢
which-may can occur with an extremely low probability. Changes in the EMC behavioun
PDS| as a result of fault conditions, “are not taken into account.

The
inte

magnetic emissions.

NOT
and

condufted and fadiated disturbances including electrostatic discharges. The emission and immunity require
are bglanced.against each other and against the actual environment of the PDS.

This doecument defines the minimum EMC requirements for a PDS.

61800-3:2017 RLV © IEC 2017 -9-

ADJUSTABLE SPEED ELECTRICAL POWER
DRIVE SYSTEMS -

Part 3: EMC requirements and specific test methods

Scope-and-object

nected to either industrial or public power distribution networks-‘\\ndustrial network
plied by a dedicated distribution transformer, which is usuallyhadjacent to or insids

plied by their own electric generating equipment. On the other hand, PDSs can be dif
nected to low-voltage public mains networks which also supply—demestic resid

scope of this part of IEC 61800, related to EMC) includes a broad range of PDSs fr
Hundred watts to hundreds of megawatts. PDSs are often included in a larger system

eKes.

bbject of this document'is to define the limits and test methods for a PDS according
nded use. This document includes immunity requirements and requirements for elq

E|1 Emission eamcause interference in other electronic equipment (for example radio receivers, mea
cpmputing devices). Immunity is—regquired meant to protect the equipment from continuous and tr.

ower
ives.
-line

strial
n be
5 are
b the

trial location, and supplies only industrial customers. Industrial networks can algo be

ectly
bntial

bom a
The
ative

requirements have been selected~so as to ensure EMC for PDSs at residential,

ases
of a

to its
ctro-

uring
nsient
ments

Immunity requirements are given according to the environment classification. Low-frequency
emission requirements are given according to the nature of the supply network. High-
frequency emission requirements are given according to four categories of intended use,
which cover both environment and bringing into operation.

As a product standard, this document—may can be used for the assessment of PDS. It-may
can also be used for the assessment of complete drive modules (CDM) or basic drive modules

(BD

M) (see 3.1), which can be marketed separately.

This document contains

conformity assessment requirements for products to be placed on the market, and
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e recommended engineering practice (see 6.5) for cases where high frequency emissions
cannot be measured before the equipment is placed on the market (such PDSs are
defined in 3.2.7 as category C4).

NOTE 2 The first edition of IEC 61800-3 identified that the intended use could require engineering for putting into

service. This was done by the “restricted distribution mode”. Equipment-that-used-to-be-covered-by-the formerly
identified under “restricted distribution mode” is now covered-in-the-second-edition by categories C2 and C4 (see

3.2).

This document is intended as a complete EMC product standard for the EMC conformity
assessment of products of categories C1, C2 and C3, when placing them on the market (see
definitions 3.2.4 to 3.2.6).

Radi

b frequency emission of equipment of category C4 is only assessed when it is install

ed in

its intended location. It is therefore treated as a fixed installation, for which this_’document

gives
limits

This
agair

rules of engineering practice in 6.5 and Annex E, although it gives no defined emi
(except in case of complaint).

document does not specify any safety requirements for the equipment-such as prote
st electric shocks, insulation co-ordination and related dielectric tests, unsafe oper

or umsafe consequences of a failure. It also does not cover safety and functional

impli

In sq
mitig
furth
empl

As a

cations of electromagnetic phenomena.

5sion

ction
tion,
afety

ecial cases, when highly susceptible apparatus is being used in proximity, addifional

ation measures-may can have to be employed to reduce the electromagnetic emi
er below the specified levels or additional codntermeasures—may can have t
pyed to increase the immunity of the highly suscéptible apparatus.

h EMC product standard for PDSs, this document takes precedence over all asped

the generic standards, and no additional EMCztests are-required-ornecessary performed

PDS
stang

is included as part of equipment covered by a separate EMC product standard, the
ard of the complete equipment applies.

2 Normative references

The

contg
cited
any 4

ollowing documents are referred to in the text in such a way that some or all of
nt constitutes requirements of this document. For dated references, only the e

5sion
b be

ts of
.Ifa
EMC

their
dition

applies. For undated‘references, the latest edition of the referenced document (inclyiding

mendments) applies.

IEC 60146-1-1:4994 2009, Semiconductor convertors — General requirements and line
commutated convertors — Part 1-1: Specifications of basic requirements
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IEC 61000-2-2:2002, Electromagnetic compatibility (EMC) - Part 2-2: Environment -

Compatibility levels for low-frequency conducted disturbances and signalling in public
voltage power supply systems

IEC $1000-2-4:2003 2002, Electromagnetic compatibility (EMC) — Part 2-4: Environmé
Compatibility levels in industrial plants for low-frequency conducted disturbances

low-

bnt —

IEC $1000-2-6-1995  Electromagneticcompatibilitv(EMC) Dart 2- Environmaent Sectibn 6-
= oYU U-ZL-0uoo, = oG OMaghRe e Compatio ity (=G —cHtZL—=VHOeRMEe t >EeGHP RO
Asselssment of the—emission—levels—inthe nower-supplv—of-industrial-plant§)as reagardsltlow
ASSEESMeA— O 1Ae—eAHSSIoA+eversHhAiAe—powWer—SUppry/ o RGUSHa—praiis s e garasS oW
IEC $1000-3-2:2000 2014, Electromagnetic compatibility (EMC) — Ratt'3-2: Limits — Limits for

harmlonic current emissions (equipment input current < 16 A per phase)

IEC $1000-3-3:4994 2013, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limifation

of valtage changes, voltage fluctuations and flicker in public low-voltage supply system
equipment with rated current < 16 A per phase and not Subject to conditional connection

5, for

IEC 4
=S t

RN
SN

T
E‘h

IEC 61000-3-11:2000, Electromagnetic compatibility (EMC) — Part 3-11: Limits — Limitati
voltage changes, voltage fluctuations and flicker in public low-voltage supply syste
Equipment with rated current-<75 A and subject to conditional connection

IEC $1000-3-12: 2014, )Electromagnetic compatibility (EMC) — Part 3-12: Limits — Limi
harmionic currents produced by equipment connected to public low-voltage systems with
currgnt > 16 A are\’< 75 A per phase

IEC $1000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing
meaguremeént techniques — Electrostatic discharge immunity test—Basic-EMC publication

on of
ns —

s for
input

and

IEC 61000-4-3:2002 2006, Electromagnetic compatibility (EMC) — Part 4-3: Testing

and

measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test

Basie EMO g

IEC 61000-4-4:14995 2012, Electromagnetic compatibility (EMC) — Part 4-4: Testing

and

measurement techniques — Electrical fast transient/burst immunity test-Basic-EMCpublication

Amendment-1-(2000)
Amendment 2-(2001)

IEC 61000-4-5:1995 2014, Electromagnetic compatibility (EMC) — Part 4-5: Testing
measurement techniques — Surge immunity test

and
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IEC 61000-4-6:2003 2013, Electromagnetic compatibility (EMC) — Part 4-6: Testing and
measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fields

IEC 61000-4-8:2004 2009, Electromagnetic compatibility (EMC) — Part 4-8: Testing and
measurement techniques — Power frequency magnetic field immunity test—Basic—EMC

soblieation

IEC 61000-4-11:2004, Electromagnetic compatibility (EMC) - Part 4-11: Testing and
measurement techniques — Voltage dips, short interruptions and voltage variations immunity
tests

IEC $1000-4-13:2002, Electromagnetic compatibility (EMC) - Part 4-13: Testing| and
meagurement techniques — Harmonics and interharmonics including mains sigpalling af a.c.
powgqr port, low frequency immunity tests

IEC $1000-4-34:2005, Electromagnetic compatibility (EMC) — Part 4=34: Testing| and
meagurement techniques — Voltage dips, short interruptions and voltagéy variations immunity
tests|for equipment with input current more than 16 A per phase

CISHR 11:2003 2015, Industrial, scientific and medical-{:SM)—radio-frequency equipment —
ie Radio-frequency “disturbance characteristics — Limits and methods of

14, Specification for radio disturbance and immunity measuring appayatus
o } e o L EeT pling
cted disturbance measurements

and methods
devices for condu

cl

CISPR 16-1-4:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas
and test sites for radiated disturbance measurements

CISPR 22:2003, Information technology equipment — Radio disturbance characteristics —
Limits and methods of measurement

CISPR 32:2015, Electromagnetic compatibility of multimedia equipment — Emission
requirements
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3 Terms and definitions

31— Overview

For the purposes of this document,-definitions—related-to-EMC-and-to-relevant phenomena-to
be-found-intEC- 60050161 n-CISPRand-also; the following-additienal terms and definitions
apply.

N
ISO and IEC maintain terminological databases for use in standardizatio Q@ the follqwing
addr¢sses: rb
Q/
e |HC Electropedia: available at http://www.electropedia.org/ Q

e |$0 Online browsing platform: available at http://www.iso.org/@

3.1 Installation and its content Q/C)
A\

>

Figune 1 shows the major parts of the PDS as defined belowand the rest of the installation.
S

Q
\Z
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Installation or part of installation

Power drive system (PDS)

CDM (complete drive module)

System control and sequencing

BDM (basic drive module)
Control ,<\

converter ' D
and protection

Feeding section

Field supply
dynamic braking

Auxiliaries, others ...

Motor and:sensors

Driven equipment

N

Figure1 —Definition-of-the Installation and its content

3.1.1
basi¢ drive module
BDM

electronic power converter and related control, connected between an electric supply and a
motor

Note 1 to entry: The BDM is capable of transmitting power from the electric supply to the motor and can be
capable of transmitting power from the motor to the electric supply. The BDM controls some or all of the following
aspects of power transmitted to the motor and motor output:

° current;

e frequency;

e voltage;
e speed;
e torque;

o force;
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e  position.

3.1.2

complete drive module

CDM

drive module consisting of, but not limited to, the BDM and extensions such as prote
devices, transformers and auxiliaries

ction

Note 1 to entry: The motor and the sensors which are mechanically coupled to the motor shaft are not included.

3.1.3
power drive system
PDS

systgm consisting of one or more complete drive module(s) (CDM) and a motor or motors

Note 1 to entry: Any sensors which are mechanically coupled to the motor shaft are also part of the'\PDS; hqg
the drljven equipment is not included.

3.1.
instdllation
equigment or equipments which include at least both the PDS and théldriven equipment

3.1.5
small size equipment

equipment, either positioned on a table top, wall-mountgd. or standing on the floor w
inclufling its cables and possible auxiliary equipment, fits in an imaginary cylindrical
volurhe of maximum 1,2 m in diameter and 1,5 m height)(to ground plane)

Note 1 to entry: This definition has been modified to @pply to measurement of radiated emissions fro
enclodqure port.

[SOYRCE: CISPR 11:2015, 3.17, modified® — The expression "wall-mounted" and
poss|ble auxiliary equipment" have beensadded, as well as the note to entry.]

3.1.6
wall{mounted equipment
CDM{BDM intended to be mothted on a vertical surface

3.2 Intended use

EMC|plan
¢dure for the-EMC assessment when installing category C4 (see 3.2.7) equipment

wever,

hich,
test

m the

and

envirepmen 8 etades—denresH e estaertis premises—and—establishments—di

ectly

connected without intermediate transformers to a low-voltage power supply network which

supplies buildings used for-demestic residential purposes

Note 1 to entry: Houses, apartments, commercial premises or offices in a residential building are examples of first

environment locations.

3.2.3

second environment

environment that includes all establishments other than those directly connected to a
voltage power supply network which supplies buildings used for-demestic residential purp

Note 1 to entry: Industrial areas or technical areas of any building fed from a dedicated transformer are exa
of second environment locations.

low-
oses

mples
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3.24
PDS of category C1
PDS of rated voltage less than 1 000 V, intended for use in the first environment

3.2.5

PDS of category C2

PDS of rated voltage less than 1 000 V, which is neither a plug in device nor a movable
device and, when used in the first environment, is intended to be installed and commissioned
only by a professional

Note 1 to entry: A professional is a person or an organisation having necessary skills in installing and/or
comm|[SSioning power drive systems, mcludimg their EMC aspects.

3.2.6
PDS |of category C3
PDS |of rated voltage less than 1 000 V, intended for use in the second environment and not
intended for use in the first environment

3.2.7
PDS |of category C4
PDS |of rated voltage equal to or above 1 000 V, or rated currentequal to or above 400 A, or
intended for use in complex systems in the second environment

3.3 Location, ports and interfaces

3.3.1
in situ
<testp location where the equipment is installed fariits normal use by the end user

3.3.2
test site
<radiation> site meeting requirements’necessary for correctly measuring, under deffined
cond|tions, electromagnetic fields emitted by a device under test

[SOURCE: IEC 60050-161:1990;,161-04-28]

3.3.3
port
acceps to a device or.network where electromagnetic energy or signals may be suppli¢d or
receijved or where,the' device or network variables may be observed or measured

Note 1 to entry:( Figure 2 illustrates the diversity of the ports of a PDS.

[SOURCE:IEC 60050-131:2002, 131-12-60, modified — The note to entry has been replaced
by a hew,one.]

3.34
enclosure port
physical boundary of the PDS through which electromagnetic fields may radiate or impinge

Note 1 to entry: See Figure 2.

3.3.5
port for process measurement and control
input/output (I/O) port for a conductor or cable which connects the process to the PDS-as

defined in Clause 3 (see Figure 2)
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3.3.6
power port
port which connects the PDS to the power supply, which also feeds other equipment

3.3.7

main power port

power port which feeds the PDS for only the power which, after electrical power conversion, is
converted by the motor into mechanical power

3.3.8
auxiliary power port
powdr port which feeds only the auxiliaries of the PDS, including the field circuit, if any

3.3.9
signal interface
inputfoutput (I/0) connection for a line connecting the basic drive“module or complete [drive
modyle (BDM/CDM) to another part of the PDS

Note 1 to entry: See Figure 2.

Enclosure port

Process
measurement and

P. \ / control port]
T []
S: or bhrt of Signal (interface| Other part of /==
: P : CDM or PDS
Jl cpom |
o t E - Other part of
ain gower por . PDS
== Power interface e.g. motor
Auxiligry power port N—=|— '
Ll | Emmmn 7 Nk
T- Earth port 'ee

Figure 2 — Internal interfaces of the PDS and examples of ports

3.3.1)0
power interface
connections needed for the distribution of electrical power-within-the PDS

Note 1 to entry: See Figure 3 for an example of power interface and Clause E.1 for an explanation.

Note 2 to entry: The power interfaces of the PDS may have different forms and extensions:
—  Within the CDM/BDM

A power interface-may can be the connection for distribution of electrical power from one part of the BDM/CDM
to another part of the BDM/CDM. One power interface-may can be common to different components of the PDS.
For examples, see Figure 3 and Figure 4.

Figure 3 shows a power interface which distributes power from an input converter (where power is converted
from the mains to another type, here DC power) to output inverters (where power is converted from an
intermediate form (here DC) to another type (here AC) which can be directly applied to AC motors).

Figure 4 shows a power interface which distributes power from the secondary of a transformer (which is part of
the CDM) to individual BDMs.
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—  Within the PDS

Note that the connection between the inverter and the motor or the motors is also a power interface. It is the
last power interface before the conversion to mechanical power.

POWER INTERFACES
/] \ N\

BDM 1 / / \ \ MULTI-MOTOR PDS

BDM 2
E ‘ dec. BDM 3 BDM 4
|

POWER PORT

Common to
all BDMs

IEC

Figure 3 — Power interfaces ofca*PDS with common DC BUS

POWER PORT

POWER INTERFACES

/ /|
MULTI-MOTOR PDS

CDM.1 CDM 2 / /
| CDM 3
o CDM 4
|

Gﬂmon to

all ' BDMs

IEC

Figure 4 — Power interfaces with common input transformer
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G | . int of ing:
G | int of ina lfor o ‘ _

3.3.11

poinfoftcommon coupting

PCC

pointlon a public power supply network, electrically nearest to a particular load, at Which pther
loadq are, or could be, connected

[SOURCE: IEC 61000-2-4:2002, 3.1.6]

3.3.1)2

in-plpnt point of coupling

IPC

pointlon a network inside a system or an installation, electrically/nearest to a particular [oad,
at which other loads are, or could be, connected

Note 1 to entry: The IPC is usually the point for which electromaggetic compatibility is to be considered.
[SOURCE: IEC 61000-2-4:2002, 3.1.7]

3.3.13

point of coupling

PC

pointlon a network which can be a publi¢ power supply network or a network inside a syjstem
or anl installation

3.4 | Components of the PDS

3.41

converter

<of the BDM> unit which changes the form of electrical power supplied by the mains tp the
form [fed to the mator(s) by changing one or more of the voltage, current and/or frequency

Note 1 to entry:The converter comprises electronic commutating devices and their associated commytation
circuitp. It is controlled by transistors or thyristors or any other power switching semiconductor devices.

Note 4 te’entfy: The converter can be line-commutated, load-commutated or self-commutated and can consjst, for
exampley of one or more rectifiers or inverters.

3.4.2

motor

electric motor

electric machine intended to transform electric energy into mechanical energy

Note 1 to entry: For the purposes of this document, the motor includes all sensors which are mounted on it and

which

are relevant for supporting the operating mode and interacting with a CDM.

[SOURCE: IEC 60050:2001, 151-13-41, modified — The note has been added.]
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3.4.3

eaeh—ef—them—bang—a phyS|caI plece of equment which can be operated separately W|th an
intrinsic function defined by the manufacturer

Note 1 to entry: For the purpose of this document, a component of the PDS can be divided into sub-com@ Ents.

Note 3 to entry: As an example, the control unit of a CDM may be a sub-component. Qy

3.5 | Phenomena-related definitions r<\

Q
3.5.1 (5(1/

elecfromagnetic compatibility Q
EMC Q

ability of an equipment or system to function satisfactorily in its eleQ%magnehc environment
withdut introducing intolerable electromagnetic disturbances to anﬁOnng in that environment

[SOURCE: IEC 60050-161:1990, 161-01-07] &\Q/
3.5.2 Q<<
totallharmonic current Q

THC

total RMS value of the harmonic current compoﬁ@ts of orders 2 to 40
40
2
Zlh
h=2

[SOURCE: IEC 61000-3-12: 201@&3 1]
>

3.5.3
totallharmonic distort@r
THD
ratio| of the RM Cdlue of the harmonic content to the RMS value of the fundamental
compgonent or& ference fundamental component of an alternating quantity

Note 1t he harmonic content depends on the choice of the fundamental component. If it is not clegqr from
the contex wltich one is used, an indication should be given.

Note 2 }& entry: The total harmonic distortion can be restricted to a certain _harmonic order (recommgnded
notation "H"), which is 40 for the purpose of this document.

where, in addition to the notes to entry of B.2.2.7,

Q4 is the RMS value of the fundamental component.

[SOURCE: IEC 60050-551:2001, 551-20-13, modified — The term "total harmonic ratio" has
been deleted, the formula has been added and Note 1 to entry has been rephrased. In Note 2
to entry, the sentence "This is to be stated" has been deleted and the part "(recommended
notation "H"), which is 40 for the purpose of this document" has been added.]
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3.5.4
voltage deviation
difference between the voltage at a given instant and the declared supply voltage

[SOURCE: IEC 60050-614:2016, 614-01-04]

3.5.5

voltage change

variation of the RMS or peak value of a voltage between two consecutive levels sustained for
definite but unspecified durations

Note 1 to entry: Whether the RMS or peak value is chosen depends upon the application, and which\i§ used
should be specified.

[SOYRCE: IEC 60050-161:1990, 161-08-01]

3.5.6
voltdge fluctuation
seriep of voltage changes or a continuous variation of the RMS or peaK'value of the voltage

Note 1 to entry: Whether the RMS or peak value is chosen depends upon_the)application, and which i used
should be specified.

[SOYRCE: IEC 60050-161:1990, 161-08-05]

3.5.7
voltdge dip
sudden reduction of the voltage at a point jnsan electrical system, followed by voltage
recoyery after a short period of time, from a few sycles to a few seconds

[SOURCE: IEC 60050-614:2016, 614-01-08, modified — The second preferred term "voltage
sag" [has been deleted. In the definition{cthe words "electric power system" has been replaced
by "electrical system", and the words “from a few periods of the sinusoidal wave of the voltage
to a few seconds" by "from a few cyeles to a few seconds".]

4 (Common requirements

4.1 General conditions

All phenomena, from the emission or immunity point of view, shall be considered individually.
The |imits arefgiven for conditions which do not consider the cumulative effects of different
phenpmenas

For g realistic assessment of the EMC situation, a typical configuration shall be chosen.

The application of tests for evaluation of immunity depends on the particular PDS, its
configuration, its ports, its technology and its operating conditions (see annexes).

4.2 Tests
4.2.1 Conditions

IEC 60146-1-1 and IEC 61800-2 distinguish between type test, routine test and special test.
Unless otherwise stated, all the tests specified in this document are type tests only. The
equipment shall meet the EMC requirements under all normal operating conditions as stated
in the operating manual of the equipment when measured by the test methods specified in
this document.
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NOTE 1 Due to local radio transmission legislation, some immunity tests can be subject to conditions
restrict the choice of location where they can be performed.

2017

which

If necessary, safeguards shall be taken against any unintended effects on the total process

that

may result from an equipment failure while an EMC test is being conducted.

For the tests,-unless-otherwise-specified-by-the-manufacturer; the CDM shall be connected to
a-standard motor-of-adequate—ratings recommended by the manufacturer with a cable and

earthing rules defined by the manufacturer.-th-seme-cases Alternatively, a passive test load
conditions (resistive, or resistive and inductive) may-additienally be applied (for example, for
evaluation of the low-frequency emissions), if permitted by the manufacturer.

NOTE|2 For high frequency emissions, passive test load can be unsuitable to simulate differential and.¢o

mode

The
ups

capacitances and couplings typically present.

Iescription of the tests, the test methods, the characteristics of the tests and\the tes

or additional requirements and information or specific test methods are needed for pra
implgmentation and application of the tests, then they are given in this document.

A su

fficient number of terminals shall be selected to simulate actual perating conditiong

to ensure that all relevant types of termination are covered. The fests shall be carried g
the rated supply voltage and in a reproducible manner.

4.2.2 Test report

The

test results shall be documented in a testreport. The report shall clearly

unambiguously present all relevant information—ef-thetests(for-example:—load-—condil
cablg-laying—ete) for reproducible testing. A fungtional description and detailed accept

nia provided by the manufacturer shall be poted in the test report.

mmon

set-

re given in the referred standards and are not repeated here. If, however, modifications

ctical

and
ut at

mination at the
H3HO at—the

veltage—and—m—a—FepFeduemm—mannep Whenever a subclause of hIS document

alter

infor

S
T+ =4
q

:Latlve test methods, the chosen test method shall be stated in the test report.
ation on test methods(siiowed in Table 1 shall be given:
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Table 1 — Subclauses containing alternative test methods

Subclause Test methods
5.1.2 Type of test:
— general system performance test; or
— special system performance test; or
— sub-component performance test.
5.2 and Immunity verification by:
sub- — calculation; or
clauges - -
— simulation; or
— test.
5.3.4 Fast transient burst for equipment = 100 A:
— direct coupling; or
— capacitive clamp.
5.3.3 Fast transient burst for equipment = 100 A:
— direct coupling; or
— capacitive clamp.
5.3.4 Immunity against electromagnetic fields:
— PDS test; or
— sub-components test.
6.2.1 Emission verification by:
— calculation; or
— simulation; or
— test.
6.3.1.1 Test on a test site or in situ
6.3.1.2 Conducted emission tests:
— with CISPR artificial mains netwatk; or
— with high impedance voltage ptobe.
6.3.1.3.3 Radiated emissions: measutement distance
4.3 | Documentation for.the user
The setting of limits and the structure of this document are based on the understanding that
the |nstaller and User are responsible for following the EMC recommendations of the
manyfacturer.
The [manufaeturer shall supply the documentation necessary for the—instaler cqrrect
installatigh,of a BDM, CDM or-fer-the-user-of-a PDS-for-thecorrect-installation into a typical
systgmior process in the intended environment. This information includes any emigsion
warntrgs—reguiredby-6-4and Fable 45— also-inrcludesthewarningsrequired-by 5-3-2-h the

TgoToqT

case where the immunity of a BDM, CDM or PDS is not suitable for the second environment.

NOTE 1

can always be used instead of one with a higher emission category, such as C3.

From the emission point of view, a PDS (or BDM or CDM) with a lower emission category, such as C1,

NOTE 2 Emission categories are independent of immunity. For example, a statement that a PDS has emission
category C1 does not imply that the immunity is only suitable for the first environment.

If special EMC measures are necessary to fulfil the required limits, these shall be clearly
stated in the user documentation. Where relevant, these can include the following:

maximum and minimum acceptable supply network impedance;
the use of shielded or special cables (power and/or control);

cable shield connection requirements;
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e maximum permissible cable length;
e cable segregation;
e the use of external devices such as filters;

e the correct bonding to functional earth.

If different devices or connection requirements apply in different environments, this shall also
be stated.

A list of auxiliary equipment (for example, options or enhancements) that can be added to the
PDS, _and which complies with the immunity and/or emission requirements shall be made
availpble.

This [information may also be covered in some part of the test report to clarify the|final
recolnmended arrangement.

5 Immunity requirements

5.1 | General conditions
5.1.1 Acceptance criteria (performance criteria)

The $ystem performance relates to the functions of the BDM,; or of the CDM, or of the POS as
a whole that are declared by the manufacturer.

The s$ub-component performance relates to the functions of the sub-components of the BDM,
or ofthe CDM, or of the PDS that are declared by.the manufacturer.

The fsub-component performance may be‘tested as an alternative instead of the system
perfgrmance to show immunity (see 5.1.2). In the test report, it shall be stated which tesft has
been|applied.

Althgugh this document allows telsts on sub-components (components of CDM/BDM), it is not
intended to be used for the separate conformity assessment of sub-components.

The pcceptance criteria_shall be used to check the performance of a PDS against external
distufbances. From the)'EMC point of view, any installation according to Figure 1 shall be
running properly. Since a PDS is part of the functional sequence of a larger process thap the
PDS |itself, the effec¢t on this process caused by changes in the performance of the PDS is
hard |to forecast—~However, this important aspect for large systems should be covered Qjy an
EMC|plan (see/’Annex E).

The main functions of a PDS are energy conversion between the electrical form and the
meckm-wmnmmw ; i i i TS,

Table 2 classifies the effects of a given disturbance into three acceptance (performance)
criteria: A, B and C, both for the PDS and for its sub-components.

Subclauses 5.2 and 5.3 state the acceptance criterion required for each phenomenon.

5.1.2 Selection of performance type
5.1.21 General or special system performance

The “general system performance” item from Table 2 shall be defined in accordance with the
special application and typical configuration of the PDS. It is the responsibility of the
manufacturer to select these items.
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The special system performance, torque-generating behaviour, shall be tested only in cases
where it is explicitly defined in the product specification. In this case, the torque generating
performance can be directly or indirectly tested. The direct test uses an EMC immune
torquemeter to measure torque disturbances.

Torque performance can be defined through the ability to keep current or speed constant,
within specified tolerances, when a disturbance is applied (see also 5.1.3). Therefore, a test
of current performance can be used as an indirect test of torque-generating performance. For
EMC assessment, and unless otherwise agreed, the output current of the power converter is
deemed to represent torque with sufficient accuracy. As an alternative, the indirect test can
use speed performance provided the total inertia is specified.

5.1.202 Sub-component performance

Testihg of sub-components with sub-component performance should be used in Cases when a
PDS [cannot be put into service on a test site because of limitation on the physical size qf the
PDS) on the current or rated supply capability or load conditions. In any casey the test set-up
shall|l be immune to the highest level of disturbance applied to the PDS or to the |sub-
component under test.

Testihg of information processing and sensing functions, including@ptional accessories iffany,
shall|be performed only in cases where the relevant ports or interfaces are available gt the
PDS| Testing of the sub-component performance, according.fe’ Table 2, where the fundtions
exist| is sufficient to determine the compliance with this doetiment.
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Table 2 — Criteria to prove the acceptance of a PDS
against electromagnetic disturbances

Item

Acceptance (performance) criterion 2

A

B

(]

General system
performance

No noticeable changes of
the operating characteristic

Operating as intended,
within specified tolerance

Noticeable changes (visible
or audible) of the operating
characteristic

Self-recoverable

Shutdown, changes in
operating characteristics

Triggering of protective
devices °

Not self-recoverable

Spec|al system
performance

Torqg
beha

e generating
iour

Torque deviation within
specified tolerances

Temporary torque deviation
outside specified tolerances

Self-recoverable

Loss of torque

Not self-recoverable

Sub-¢omponent
performance

Operation of power
electfonics and
driving circuits

No malfunction of a power
semiconductor

Temporary malfunction which
cannot cause unintended
shut-down of the PDS

Shut-down, triggering o
protective devices P

No-loss of stored progrgm
No’loss of user program
No loss of settings

Not self-recoverable

Sub-¢omponent
performance

Information
procgssing and
sensing functions

Undisturbed communication
and data exchange to
external devices

Temporarily disturbed
communication, but,no error
reports of the ihternal or
external devices which could
cause shut;down

Errors in communication,
loss of data and informgtion

No loss of stored progrgm,
no loss of user program

No loss of settings.

Not self-recoverable

Sub-¢omponent
performance

Operation of
displays and control
panels

No changes of visible
display information, only
slight light intensity
fluctuation of LEDs, or
slight movement of
characters

Visible temporary changes of
information, undesired LED
illumination

Shut down, permanent Ipss
of information, or
unpermitted operating njode,
obviously wrong display
information

No loss of stored progrgm,
no loss of user program

No loss of settings

a8  Apceptance criteria A, B, G, -
tHe logical state "STOPRED" which can make the motor run.

b Akceptance criterion. G —

False starts are not acceptable. A false start is an unintended change|from

The function can be restored by operator intervention (manual reset). Opening of
fyses is allowed.for line-commutated converters operating in inverting mode.

5.1.3

The

Conditions during the test

din

the test report.

ad shall he within the manufacturer’'s cpnr\ifir\nfinn and the actual load shall be notl

Testing the torque generating behaviour as well as the information processing and sensing
functions requires special test equipment with adapted immunity against the parasitic coupling
of the test disturbance. It can only be used if the immunity of the test set-up can be proven by
reference measurements. The evaluation of the torque disturbance can be performed by a
torque transducer or by measurement or calculation of the torque generating current or other
indirect techniques; an adapted and immune load shall be available at the test-site.

For testing the performance of the information processing or sensing function, suitable
equipment shall be available to simulate the data communication or data evaluation. This
equipment shall have sufficient immunity to operate correctly during the test.
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Since the motor has been tested by its manufacturer according to the relevant standards, the

moto
EMC

r component of the PDS, with exception of the sensors, does not need any additional
immunity test. Therefore, while the motor is connected to the BDM/CDM for the duration

of the test, EMC immunity tests on the motor itself are not required.

The tests shall be applied to the relevant ports where they exist, including those of optional
accessories if any. They shall be conducted in a well-defined and reproducible manner on a
port-by-port basis. However, if several process measurement and control ports or signal
interfaces have the same physical configuration (layout) it is sufficient to test one port or
interface of that type.

In 5.
acce

5.2
5.2.1

The
low-f

? and 5.3 the minimum requirements, tests and acceptance criteria are stated.| The
btance criteria refer to 5.1.1.

Basic immunity requirements — low-frequency disturbances
Common principle

equirements in this subclause shall be used for designing the immunity of a PDS against
fequency disturbances.

For the immunity requirements, the manufacturer may demonstrate compliance using gither

testin
repof
comy
will n

NOTE|
dimen
partic
many
gener
provid

The
docu
the |

NOTE
PDS

condit
unbald

g, calculation or simulation, and shall state the chosenwerification method in thq test
t. Unless otherwise stated, it is sufficient to demonstrate that the power circuif will
ly with the required acceptance criterion and that the ratings of input circuits (filters,|etc.)
ot be exceeded.

1 A number of these phenomena are not required_by the generic standards, but are important fpr the
5ioning of the power circuit of the PDS. It is difficult to test immunity against many of these phenomena,
larly when the input current exceeds 16 A orsthe“supply voltage exceeds 400 V. However, experiepce of
years shows that, provided the power circuit ‘operates correctly, the control part and the auxiliarigs are
hlly immune. This is due to natural decoupling*that exists in the PDS. Examples of such decoupling afe that
ed by power supplies and the time constants of auxiliary processes such as fans.

compliance with the requirements of this document shall be stated in the |user
mentation. Where compliance is demonstrated by tests, the relevant basic standards in
FC 61000-4 series may berconsidered (see Clause B.7).

2 The electrical service.conditions for the main and the auxiliary supply if any, are already defined|in the
bervice conditions inthe relevant standard IEC 61800-1 or IEC 61800-2 or IEC 61800-4. These sfervice
ons include frequency’ variations, frequency rate of change, voltage variations, voltage fluctuations, vpltage
nce, harmonicspand’commutation notches.

5.2.2
5.2.2

The

Harmonics and commutation notches/voltage distortion
A Low voltage PDSs (voltage distortion)
BDM, CDM or PDS shall sustain the immunity levels while meeting the performance

criteria given in Table 3, Table 4 and Table 5. It shall be verified that these levels will not
cause the ratings for the input circuits (filters, etc.) to be exceeded. Analysis of commutation
notches shall be in the time domain. The manufacturer may verify immunity by calculation,
simulation, or test, according to 5.2.1, and shall state the chosen verification method in the
test report. If the chosen verification method is by test, it shall be performed using the PDS

with

the motor connected. For equipment rated below 16 A per phase, the test method of

IEC 61000-4-13 can be applied.
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Frequency domain analysis of the contribution from notches to the total harmonic distortion will not

on power ports of low volta

e
O

DSs

Table 3 — Minimum immunity requirements for gd&/harmonic distortion

Table 4 — Minimum imm
on

.

First environment A@a\cond environment Performance
Phehomenon Reference Level ﬁrence Lovel (accgpt'f! hce)
document ¢\ Jgocument criterign
Harnponics — IEC 61000-2-2 | 8 % @ IEC 61000-2-4 | 12 % A
THD WO class 3

ity requirements for individual harmonic orders
Rg er ports of low voltage PDSs
@)

——=\N :
Phehomenon First @lronment Second environment Performance
Hgrmonic Refere . Reference (acceptahce)
brder doc Level document Level criterign
St
2 IEC §1000-4-13 3% IEC 61000-4-13 5% A
lass 2 class 3

3 8 % 9%
4 \C)2 1,5 % 2%
5 ("; 9 % 12 %

Eve m&d’ rs No requirement 1,5 %

6<h<50

7 7,5 % 10 %
9 2,5% 4 %
11 5% 7%
13 4,5 % 7%
15 No requirement 3%
17 3% 6 %
19 2% 6 %
21 No requirement 2%
23 2% 6 %
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Phenomenon First environment Second environment Performance
Harmonic Reference Reference (acceptance)
order document Level document Level criterion
25 2% 6 %
27 No requirement 2%
29 1,5 % 5%
31 1,5 % 3%
33 No requirement 2%
35 1,5 % 3%
37 1,5 % 3%
39 No requirement 2%
NOTE 1 For individual harmonic orders in the first environment, levels are from Class 2 inNE€ 6100044-13
(thede are approximately 1,5 times the compatibility levels of IEC 61000-2-4).
NOTE 2 For individual harmonic orders in the second environment, levels are from Class$)3 in IEC 6100044-13
(thede are approximately 1,5 times the compatibility levels of IEC 61000-2-4).

Table 5 — Minimum immunity requirements for commutation notches
on power ports of low voltage PDSs

First environment Sécond environment Performance
Phepomenon Reference Level Referehce Level (acceptahce)
document eve do€ument eve criterign
Compmutation (None) No requirement ME€ 60146-1-1 | Depth = 40 %, A
notches Class B total area = 250 in
% degrees
5.2.212 PDSs of rated voltage above 1 000 V (voltage distortion)
5.2.2.2.1 Main power port
The PDS or BDM/CDM shall-sustain the immunity levels given in Table 6. It shall be verified

that
Anal
immu
verifi

NOTE
certai

sis of commutation 'notches shall be in the time domain. The manufacturer may
nity by calculation, simulation, or test, according to 5.2.1, and shall state the ch
cation metho®\in the test report.

Frequency domain analysis of notches' contribution to total harmonic distortion will not obviously
types“oftharmful effects (see Clause B.1).

hese levels will nottcause the ratings for the input circuits (filters, etc.) to be excegded.

erify
osen

reveal
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Table 6 — Minimum immunity requirements for harmonics and commutation notches/
voltage distortion on main power ports of PDSs of rated voltage above 1 000 V

Phenomenon Reference document Level Performance
(acceptance)
criterion
Harmonics (THD and individual | IEC 61000-2-4 Value of the compatibility level A2
harmonic orders) Class 3
Harmonics IEC 61000-2-4 1,5 times the value of the A-2
short term (< 15 s) Class 2 permanent compatibility levels
; EC 61000-2 ‘ o Ab
TIass 2
B e B B e B 4
Commutation notches IEC 60146-1-1 Depth = 40% U, ), (class B) A-a
Area @ = 125 in per cent
degrees (class C)
a8 (lass C of IEC 60146-1-1 is appropriate for the primary side of the transformer:

5.2.2.2.2 Auxiliary power port

The |auxiliary power ports of PDSs shall sustain/the immunity levels for the segcond
envirpnment given in Table 3, Table 4 and Table 5Xwhile meeting the performance critefia in
thosg¢ tables. It shall be verified that these levels will not cause the ratings for the |input
circults (filters, etc.) to be exceeded. Analysis*of commutation notches shall be in the|time
domgin. The manufacturer may verify immunity’by calculation, simulation, or test, accordipg to
5.2.1|, and shall state the chosen verificatioinmethod in the test report.

NOTE| Frequency domain analysis of notches ™“contribution to total harmonic distortion will not obviously feveal
certain types of harmful effects (see Clause/B.1).

b_According-toIEC-60146-1-4-classB-

5.2.3 Voltage deviations-{variations,changes,fluctuations), dips and short

interruptions
5.2.31 Low voltage PDSs (voltage deviations)

The PDS or BDM/CDM shall sustain the immunity levels given in Table 7. The manufacturer
may verify immunity by calculation, simulation, or test, according to 5.2.1, and shall state the
chosen verification method in the test report.
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Table 7 — Minimum immunity requirements for voltage deviations, dips
and short interruptions on power ports of low voltage PDSs

First environment Second environment Perfor-
mance
Phenomenon Reference Level Reference document Level (accep-
document tance)
criterion
Voltage IEC 61000-2-2 +10 % @ IEC 61000-2-4 +10 % @ AP
deviations Class 2
(>60s)
Volta i IEC 61000-2-1¢ | depth 1EC 61000-2-1¢ Depth-10-%t0-100-% | C-#
and-ghort 10-% to-100-%
ey Ee
Voltape dips ¢ [IEC 61000-4-11 Volts Cycles |[IEC 61000-4-11 Volts Cycles qd
Class 2 remaining Class 3 remaining
or 0 % 1 or 0 % 1
IEC 61000-4-34 |70 % 25/30 © |IEC 61000-4-34 40 % 10/12 ¢
Class 2 Class 3'
70 % 25/30 ¢
80, % 250/300
c
Shor IEC 61000-4-11 Volts Cycles [IEC 61000-4-11 Volts Cycles g
interrpptions Class 2 remaining Class 3 remaining
or 0 % 250/ or 0 % 250/300°
300°
IEC 61000-4-34 IEC 6100Q%4-34
Class 2 Class/3

y cycles" means "x cycles for 50 Hz¢est" and "y cycles for 60 Hz test".

r three phase PDS requires increasing or reducipg&he voltage of all three phases simultaneously.

duced, because they are voltage dependent.

pening of fuses is allowed for line~commutated converters operating in inverting mode.

oltage deviation" is a supply voltage variation from.the nominal supply voltage. Testing of voltage devigtions

hen the voltage is below nominal, the maximum output power ratings — speed and/or torque — may be

¢  Ppwer ports with current gating >75 A: the method of the voltage drop test according to 7|5 of
IHC 61400-21:2008 may be used.

fIC 61000-4-11 applies ¢o\equipment rated less than or equal to 16 A and IEC 61000-4-34 to equipment|rated
alpove 16 A.

NoTEH A PDS-is Used for energy conversion, and a voltage dip represents a loss of avallable

ener

to 50| %, a@mplitude and 0,3 s duration.

y. It-pr@y’can be necessary to trip for safety reasons, even during a voltage dip of B0 %

NOTE™

applie

d to a line commutated thyristor converter operating under regeneration mode.

A decreasing Input voltage, even with Tew milliseconds duration,-/ay can result In blowing ot Tuses when

NOTE 2 The effect of a voltage dip (energy reduction) on the process cannot be defined without detailed
knowledge of the process itself. This effect is a system and rating aspect, and will generally be greatest when the

power

demand (including losses) on the PDS is higher than the available power.

Where it is possible and not dangerous, the behaviour of the PDS during short interruptions
may be verified by switching off and on the mains supply during the standard operating
conditions of the PDS (see B.6.1).

The manufacturer shall state in the user documentation the degradation of performance
resulting from voltage dips or short interruptions.
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NOTE 3 Improvements to the immunity (use of UPS, stand-by generator, derating, etc.)-may can result in a
considerable increase in the size and cost of the PDS and-may can reduce the efficiency or power factor.
Operation such as automatic restart-may can have safety consequences, and are not covered by this document.

5.2.3.2 PDSs of rated voltage above 1 000 V (voltage deviations)

5.2.3.2.1 Main power port

Main power ports of PDSs shall sustain the immunity levels given in Table 8. The
manufacturer may verify immunity by calculation, simulation, or test, according to 5.2.1, and
shall state the chosen verification method in the test report.

hort interruptions on main power ports of rated voltage above 1 000 V of PDS

Performance
Phenomenon Reference document Level (accepta}ce)
criterign
Voltgge deviations IEC 61000-2-4 +10 % Ad
excegeding 1 min Class 3
Voltgge deviations IEC 61000-2-4 S e e e e e A?
not gxceeding 1 min Class 3 B R e e
tolerance band
+10 % to <48 %
Volidge-changes EC 61000-2-4 Minimymdinterval-between A
R
Class 3
Voltgge dips-and short IEC 61000-2-1-° : B.GCe
[ EE
Voltdge dips IEC 61000-4-34 Volts Cycles cd
remaining
0 % 1
40 % 10/12 ¢
70 % 25/30 ¢
80 % 250/300 ©
Short interruptions IEC 61000-4-34 ° Volts Cycles cd
remaining
0 % 250/300 °
a  “Yoltage devjation” is a supply voltage variation from the nominal supply voltage. Testing of vo|tage
deviatiops\for three phase PDSs requires increasing or reducing the voltage of all three phases
sjmultangously.
fhien/considering voltage deviations, any voltage steps shall not exceed +12 % of nominal voltage angl the

time between steps shall not be 1ess than Z s.

b Typical depths and durations of voltage dips are given in-8-4-2 of lEC 64000-2-4 IEC TR 61000-2-8.

When the voltage is below nominal, the maximum output power ratings — speed and/or torque — may be
reduced, because they are voltage dependent.

¢ “x/y cycles” means “x cycles for 50 Hz test and “y cycles for 60 Hz test”.
Opening of fuses is allowed for line-commutated converters operating in inverting mode.

The manufacturer shall state in the user documentation the degradation of performance
resulting from voltage dips or short interruptions.
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5.2.3

2.2 Auxiliary power port

The auxiliary power ports of PDSs shall sustain the immunity levels given in Table 9. The
manufacturer may verify immunity by calculation, simulation, or test, and shall state the
chosen verification method in the test report.

Table 9 — Minimum immunity requirements for voltage deviations, dips
and short interruptions on auxiliary low voltage power ports of PDSs

Performance
Phenomenon Reference document Level (acceptance)
criterion
Voltgge deviations exceeding 1 min IEC 61000-2-4 +10 % A |
Class 3
Voltgge deviations not exceeding IEC 61000-2-4 +10 % to =15 % A2 |
1 mi Class 3
j : : . EC 61000-2-4b D :
15 % to 50 % and +< 100 ms B
15 04 te 1()004 and;_<5s B
Volt4ge dips IEC 61000-4-11 Volts remaining Cycles
or Al
IEC 61000-4-34 P 0% C. 1
40 % 10/12 @
70 %, 25/30 2
80% 250/300 @
Short interruptions IEC 61000-4-11 Volts remaining Cycles C
Class 3
or 0 % 250/300 @
IEC 61000-4-34
Class 3°
a1 - ‘ - o T > in 52 1),
a8 "k/y cycles" means "x cycles for 50 Hz test{™and "y cycles for 60 Hz test".
b__Qunical depths-and-durations—of voltage-dips-are givenin 8120 C-6 :
b |EC 61000-4-11 applies to equipment less or equal to 16 A and IEC 61000-4-34 applies to equipment apove
16 A.

5.2.
5.2.

Defi

The

Voltage unbalance and frequency variations

L1 Low voltage PDSs

ition_and assessment of voltage unbalance are explained in B.5.2.

The

manufacturer may verify immunity by calculation, simulation, or test, and shall state the
chosen verification method in the test report. During verification, the rated load condition shall
be used.
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Table 10 — Minimum immunity requirements for voltage unbalance
and frequency variations on power ports of low voltage PDSs

Phenomenon First environment Second environment Performance
Reference Level Reference Level (acceptance)
document document criterion

Voltage IEC 61000-2-2 | 2 % negative IEC 61000-2-4 | 3 % negative A
unbalance @ sequence Class 3 sequence
component component

Frequency IEC 61000-2-2 | +2 % IEC 61000-2-4 | +2 % A

variations 14 % where-the
supply is separated
from public supply
networks

Freqpency 1 %/second +1 %/s A

rate pf change
9 2 %/s where the
supply is separated
from public supply
network

2 Not relevant for single phase PDSs.

o

case of test, use test time of 30 s + 5 s.

5.2.1].2 PDSs of rated voltage above 1 000 V
5.2.4.2.1 Main power port

Definition and assessment of voltage unbalance,are explained in B.5.2.

The PDS or BDM/CDM shall sustain the immunity levels given in Table 11. The manufag
may perify immunity by calculation, simulation, or test, and shall state the chosen verific
methpd in the test report. During verifi¢dtion, the rated load condition shall be used.

Table 11 — Minimumiimmunity requirements for voltage unbalance

turer
ation

and frequency variations on‘main power ports of rated voltage above 1 000 V of PDSs
Phenomenon Reference document Level Performance
(acceptance)
criterion
Voltgge unbalance IEC 61000-2-4 2 % negative sequence A
component
Class 2
Freqgpency yariations IEC 61000-2-4 +2 % A-b
14 % where the supply is -6

separated from public

] rs )
SEHPPTYETWOCS

Frequency rate of change +1 %l/s AL

2 %/s where the supply is | A-¢
separated from public
supply networks
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5.2.4.2.2 Auxiliary power port

Definition and assessment of voltage unbalance are explained in B.5.2.

The auxiliary power ports of PDSs shall sustain the immunity levels given in Table 12.

The

manufacturer may verify immunity by calculation, simulation, or test, and shall state the

chosen verification method in the test report.

Table 12 — Minimum immunity requirements for voltage unbalance
and frequency variations on auxiliary low voltage power ports of PDSs

Phenomenon Reference document Level Performance
(acceptance)
criterion
Voltgge unbalance IEC 61000-2-4 3 % negative sequence A
component
Class 3
Freqpency variations IEC 61000-2-4 2 %
+4 % where the supply is (MA-?
separated from public .
supply networks A
a—Jihe po ble—consequence—otexceedingtheteve o r—thetatterease—the e ppHe jould
provide 0 ation-o e a al behavio 0 e PDS ee note 5
b thepo ble-conseguenceol-exceedirg-theleve eehote R
5.2.5 Supply influences — Magnetic fields
Immuynity tests according to IEC 61000-4-8are not required (see Clause A.3 for explanatipn).
5.3 | Basic immunity requirements ~‘High-frequency disturbances
5.3.1 Conditions
In the following Table 13 sand Table 14, the minimum immunity requirements for high-
frequency disturbance tests ‘and acceptance criteria are stated. The acceptance criteria|refer

to 5.1.1. Explanations are\given in Clause A.3.

5.3.2 First envirenment

The |evels in-Table 13 shall be applied to PDSs which are intended to be used in thg
envirpnment.

If a CDNM/BDM is designed to have immunity according to Table 13, it shall include a w|

first

ritten

warning in the Instructions for use which indicates that it is not intended to be used
industrial installation.

n an
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Table 13 — Minimum immunity requirements for PDSs
intended for use in the first environment

IEC 61800-3:2017 RLV © IEC 2017

Basic standard Performance
Port Phenomenon Level (acceptance)
for test method L
criterion
Enclosure port ESD (electrostatic IEC 61000-4-2 4 kV CD B
discharge
ge) or 8 kV AD
if CD impossible
Radio-frequency IEC 61000-4-3 80 MHz to 1 000 MHz | A
nlnrfrnmagnnfir‘ field
amplitude modulated see also 5.3.4 3 Vim
80 % AM (1 kHz)
Radio-frequency IEC 61000-4-3 1,4 GHz to 2,0 GHz A
electromagnetic field,
amplitude modulated See also 5.3.4 3 Vim
80 % AM (1 kHz)
Radio-frequency IEC 61000-4-3 2,0 GHz to 2,7 GHz A
electromagnetic field,
amplitude modulated See also 5.3.4 1Vim
80 % AW (1 kHz)
Powdr ports Fast transient-burst IEC 61000-4-4 1kV#5 kHz @ B
(excqpt auxiliary DC
powel ports below Surge P IEC 61000-4-5 1kV°© B
60 V 1,2/50 ps, 8/20 us 2KV ¢
Conducted radio-frequency |IEC 61000£4-6 0,15 MHz to 80 MHz A
common mode
see als@'5:3.4 3V
80 % AM (1 kHz)
Powgqr interfaces Fast transient-burst © IEC 61000-4-4 1 kV/5 kHz B
Capacitive clamp
Ports| for process Fast transient-burst © IEC 61000-4-4 40,5 kV/5 kHz B
meagurement Capacitive clamp
contrpl lines and -
signd interfaces Conducted radio-frequency | IEC 61000-4-6 0,15 MHz to 80 MHz A
common mode ¢
Auxilfary DC power see also 5.3.4 3V
ports|below 60 V 80 % AM (1 kHz)
CD: gontact discharge AD: air discharge AM: amplitude modulation
a8 Ppwer ports withecurrent rating < 100 A: direct coupling using the coupling and decoupling network. Hower
ports with current rating > 100 A: direct coupling or capacitive clamp without decoupling network. If the
capacitive clamp is used, test level shall be 2 kV/5 kHz. The chosen test method shall be stated in thg test
rgport.
b Applicable only to power ports with current consumption < 63 A during light load test conditions as spefified
i 5€1.3. im eV he icin i S

¢ Coupling fine-to-Tine.

4 Coupling line-to-earth.

¢ Applicable only to ports or interfaces with cables whose total length according to the manufacturer's
functional specification may exceed 3 m.

5.3.3

Second environment

The levels in Table 14 shall be applied to PDSs which are intended to be used in the second
environment. This also applies to the low voltage ports, or the low voltage interfaces (power,
signal) of PDSs of rated voltage above 1 000 V.

NOTE Examples of low voltage ports and interfaces of a PDS of rated voltage above 1 000 V are as follows:
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LV enclosure port
LV power ports

LV power interfaces
LV signal interfaces

LV process port

enclosure of auxiliaries, control and protection;

LV power supply of PDS;

auxiliary supply distribution within main components of PDS;
LV signal interfaces within main components of PDS;

signal port of the PDS.
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Table 14 — Minimum immunity requirements for PDSs

intended for use in the second environment

Basic standard Performance
Port Phenomenon Level (acceptance)
for test method Lo
criterion
Enclosure port ESD (electrostatic IEC 61000-4-2 4 kV CDor 8 kV AD B
discharge) if CD impossible
Radio-frequency IEC 61000-4-3 80 MHz to 1 000 MHz A
electromagnetic field,
amplitude modulated see also 5.3.4 10 V/im
80 % AM (1 kHz)
Radio-frequency IEC 61000-4-3 1,4 GHz to 2,0 GHz A
electromagnetic field,
amplitude modulated see also 5.3.4 3 Vim
80 % AM (1 kHz)
Radio-frequency IEC 61000-4-3 2,0 GHz to 2,7 GHz A
electromagnetic field,
amplitude modulated see also 5.3.4 1V/m
80 % AM (1,kH2)
Powef ports Fast transient-burst IEC 61000-4-4 2 kV/5 kHz @
(except auxiliary DC |Surge P IEC 61000-4-5 1kVyEC B
powel ports below p
60 V) 1,2/50 ps, 8/20 ps 2 k\V
Conducted radio-frequency [IEC 61000-4-6 0,15 MHz to 80 MHz A
common mode ©
see also 5.3.4 10V
80 % AM (1 kHz)
Powef Interfaces Fast transient-burst © IEC 61000-4-4 2 kV/5 kHz B
Capacitive clamp
Signa] interfaces Fast transient-burst © IEC 61000-4-4 1 kV/5 kHz B
Capacitive clamp
Conducted radio-frequency |IEC 61000-4-6 0,15 MHz to 80 MHz A
common mode ©
see also 5.3.4 10V
80 % AM (1 kHz)
Ports [for process Fast transient-burst © IEC 61000-4-4 2 kV/5 kHz B
measpirement control Capacitive clamp
lines
Surge)f IEC 61000-4-5 1 kv 4f B
Auxilipry DC power
ports pelow 60 V 1,2/50 us, 8/20 us
Conducted radio-frequency [IEC 61000-4-6 0,15 MHz to 80 MHz A
common mode ©
see also 5.3.4 10V
80 % AM (1 kHz)
CD: cpntact discharge AD: air discharge AM: amplitude modulation

2  Power ports with current rating < 100 A: direct coupling using the coupling and decoupling network. Power

ports with current rating > 100 A: direct coupling or capacitive clamp without decoupling network. If the
capacitive clamp is used, the test level shall be 4 kV/2;6 5 kHz. The chosen test method shall be stated in the
test report.

Applicable only to power ports with current consumption < 63 A during light load test conditions as specified in
5.1.3. i he jc-in i h -

Coupling line-to-line.

Coupling line-to-earth.

Applicable only to ports or interfaces with cables whose total length according to the manufacturer's functional
specification may exceed 3 m.

Applicable only to ports with cables whose total length according to the manufacturer's functional specification
may exceed 30 m. In the case of a shielded cable, a direct coupling to the shield is applied. This immunity
requirement does not apply to fieldbus or other signal interfaces where the use of surge protection devices is
not practical for technical reasons. The test is not required where normal functioning cannot be achieved
because of the impact of the coupling/decoupling network on the equipment under test (EUT).
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These phenomena are not relevant for application to the ports of rated insulation voltage
above 1 000 V. For simplicity, such ports are named HV ports of PDSs of rated voltage above
1000 V.

NOTE Examples of HV ports and interfaces of a PDS of rated voltage above 1 000 V are as follows:

HV enclosure port enclosure of transformer, converter section and motor;
HV power port primary side of transformer;
HV power interfaces HV distribution within main components of PDS;

HV signalinterfaces  HV signal interfaces within main components of PDS

5.3.4 Immunity against electromagnetic fields

If thel PDS is

rated voltage not more than 500 V,

o}
— of rated current not more than 200 A,
of total mass not more than 250 kg, and
o}

height, width, and depth not more than 1,9 m,

the tg¢sts of IEC 61000-4-3 and IEC 61000-4-6 shall be performéd (see 5.3.2 and 5.3.3).

If thg PDS is larger or of higher rating than in the above paragraph, then the manufagturer
shall|choose either
— tq perform the tests of IEC 61000-4-3 and IEC-61000-4-6 on the PDS, or

— tq perform the tests of IEC 61000-4-3 and IEC 61000-4-6 on sensitive sub-components
aphd state the chosen test method in the test report.

If theg motor is too large to be put into-service on a test site, the motor may be replaced by one
of smaller size, provided this does,not adversely affect the operation of the CDM/BDM.

Application'of immunity requirements — Statistical aspect

When choosing the acceptance level for a specific test of a PDS, it shall be understooq that
the fest result implies only a probability of performance. Depending on the accepfance

criteffioyand the application of a PDS, this probability shall be considered in specifying the
numberof test pII|QDQ or duration of the test

Immunity requirements in 5.3 shall be verified by performing a type-test on a representative
unit. The manufacturer or supplier shall ensure the EMC performance of the product is
maintained in production by using some form of quality control.

Measurement results obtained for a PDS while installed in its place of use (not on a test site)
shall relate to that installation only.
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6 Emission

6.1 General emission requirements

The measurements shall be made in the operating mode producing the largest emission in the
frequency band, while being consistent with the normal application.

Table 15 summarises the requirements, according to the classification of the PDS (see 3.2).
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Table 15 — Summary of emission requirements

Category Low-frequency High-frequency Radiated emissions
Disturbance voltage Disturbance voltage
(enclosure port and others)
(power port) (power port)
Category |Product assessment Product assessment Product assessment
C1 Requirements: Conducted emission limits: Radiated emission limits:
-6.2.2, -6.4.1.1, Table 16 -6.4.1.3, Table 17
-6.2.3.10r6.2.3.2 or 6.2.3.3,
-6.2.4, Other emission requirements:
- 0.£.0 -0.4.1.4,
-6.4.1.4
Recommendations on load
conditions:
-B.2.3.3 and B.3.2
1stenvironment
Category | Product assessment Product assessment Product assessment
C2
Requirements: Conducted emission limits: Radiated emission limits:
-6.2.2, -6.4.1.1, Table 16 - 6.4.1.3, Table 17
-6.2.3.10r6.2.3.2 or 6.2.3.3,
-6.2.4, Warning in the instruction for | Other emission requiremgnts:
-6.2.5 use: -6.4.1.2;
-6.4.1.1 _6.4.1.4
Recommendations on load
conditions: Warning in the instruction for
-B.2.3.3and B.3.2 use:
1stenvironment-or-publicnetwork- -6.4.1.3
Category |Product assessment Product assessment Product assessment
C3
Requirements: Conducted emission limits: Radiated emission limits:
-6.2.2, -6.4.2.2, Table 19 -6.4.2.4, Table 20
-6.2.3.4,
-6.2.4, Warning in the instruction for | Other emission requiremgnts:
-6.2.5 use: -6.4.2.3
-6.4.2.1
Recommendations on load Warning in the instruction for
conditions: use:
- B-213.3 and general rules B.3.3 -6.4.2.1
and.B.4
2~ environment
Category,/ | Engineering practice Engineering practice Engineering practice
C4

Requirements:
-6.2.2,
-6.2.3.4,
-6.2.4,

-6.2.5

Recommendations on load
conditions:

- B.2.3.3 and general rules B.3.3
and B.4

2°d_gnvironment

Either

- apply the requirements of
Category C3 above,

or

- 6.5—EMC plan

Either

- apply requirements of
Category C3 above,

or

- 6.5— EMC plan
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6.2 Basic low-frequency emission limits
6.2.1 Compliance method

Compliance can be verified by calculation, simulation or test. The chosen verification method
shall be stated in the test report.

6.2.2 Commutation notches

Commutation notches are measured on the power ports using an oscilloscope (see B.1.1).

‘ They are produced by controlled line-commutated converters{see-2.5-4-4of IEC 60146-1-1).

Whete it is known that the input circuit of the PDS does not produce notches or only preduces
notches of negligible amplitude (for example diode rectifiers), emission of notches.néed not
be cansidered.

‘ NOTEl+ The main practical case where emission of notches should be considered is the [case
of thyristor converters (line commutated). RFI filters are practical cases ,0f equipment Wwhich
can he affected by notches. They can be overloaded or subjected to repetitive overvoltages.

NOTE| A diode rectifier is an uncontrolled line-commutated converter, which pfoduces commutation notches of
negligjble amplitude. Some self-commutated converters (for example an indirect converter of the voltage gource
invert¢r type with an active front end) can produce commutation notches depending on the PWM pattern.

Where notches are to be considered, the manufacturer shall' provide the following informjation
to the¢ user:

<

blue of any decoupling reactances which are included in the PDS;

e ayailable decoupling reactances which can be-externally added for mitigation (see B.1.2).

The fecommendations of B.1.3 should be followed.

6.2.3 Harmonics and interharmonics
6.2.3.1 Low-voltage public supply network — Equipment covered by IEC 61000-3-2

Equipment may contain one(on'several PDSs and also other loads.

When a PDS is—an—eguipment within the scope of IEC 61000-3-2, the requirements of that
standard apply. Howeyer, when one or more PDSs are included in equipment within the scope
of IEC 61000-3-2,\the requirements of that standard apply to the complete equipment angd not
to thp individual "\PDS. It is the responsibility of the equipment manufacturer to defin¢ the
vhich

When a PDS is within the scope of IEC 61000-3-12, the requirements of that standard apply.
However, when one or more PDSs are included in equipment within the scope of IEC 61000-
3-12, the requirements of that standard apply to the complete equipment and not to the
individual PDS. It is the responsibility of the equipment manufacturer to define the boundary
of the system or sub-system to which IEC 61000-3-12 applies, and the method which
demonstrates compliance of the equipment.

6.2.3.3 Low-voltage public supply network — Equipment not covered by IEC 61000-3-2
or IEC 61000-3-12

For equipment not covered by IEC 61000-3-2 or IEC 61000-3-12 (rated current above-16 75 A)
recommendahons may be found—m—me—teelweaJ—FepeFt—LEG—@wQQ-M—aﬂd in Clause B
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The manufacturer shall provide in the documentation of the PDS, or on request, the ratio of

the current harmonic level THC, under rated load conditions,—as—a-percentage—of-the rated
fundamental to the RMS current on the power port, as well as the harmonic currents up to the

40" harmonic. This may be produced by calculation, simulation or test.

For the purpose of calculation or simulation, the applied voltage shall be assumed to have a
THD less than 1 %. The internal impedance of the network shall be assumed to be purely
inductive. If the specific location of the PDS is not known, the harmonic currents shall be
calcylated assuming that the PDS is connected to a PC with the highest value of Rg pernpitted
by the PDS manufacturer.

Isc
Rg =—==
1N
wherp
Isc | is the short circuit current at the considered PC;
I N |is the rated input current of the PDS.
If the manufacturer does not state a maximum value of Rg, a.value of 250 shall be assumed.

If thel specific location of the PDS is known, the supply impedance at that location-sheuld|shall
be uged.

The PDS manufacturer shall ealculate the harmoehic currents for eace
He 5o adactdrer——SshatH—ecatctate—+the—armotdc—ceurre s +or—eac

A gliide for calculation of harmonics, is given in Clause A.1 and Clause AR of
IEC TR 61000-2-6:1995. Guidelines forthe summation of harmonics of different sourceg
also piven in 7.4 of IEC TR 61000-2-6:9995.

Effedts of interharmonics are ;considered in B.4.3. Methods for calculation are given in
Anngx C of IEC TR 61000-2-6+1995.

6.2.3.4 Industrial networks

If a DS is to be used in an installation which is not directly supplied from a public low voltage
netwprk, IEC 61000-3-2 and IEC-64000-3-4 61000-3-12 are not applicable. Therefofe, a
reasgnable approach which considers the total installation should be used (see Clause B}4).

NOTE| For network voltages above 1 000V, the total installation-may can be subject to rules from the |utility,
usually based on IEC TR 61000-3-6. These rules apply to the installation as a whole, not to individual equigment.
These| rules usually take the existing harmonic currents and voltage distortion within the system into account. An
efficient and simplified approach is provided by Table B.2.

In the case of a PDS of rated voltage above 1 000 V, harmonic emissions from the main
power port and the auxiliary power ports shall be considered separately.

6.2.4 Voltage fluctuations
6.2.4.1 Conditions

Equipment may contain one or several PDSs and also other loads which are capable of
causing voltage fluctuations.

NOTE 1 Voltage fluctuations-may can be caused, for instance, by frequently changing the load of a PDS, or by
sub-harmonics of slip energy recovery of asynchronous motors. Voltage fluctuations-may can also be caused by
interharmonics at frequencies slightly different from the fundamental or from predominant harmonics. The emission
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Interharmonics are

NOTE 2 Voltage fluctuations are dependent on the impedance of the installation and the duty cycle of the load. In

is typically generated by cyclo-converters or current source inverters. See B.4.3 and B.6.2.

covered by compatibility levels given in IEC 61000-2-4 or in IEC 61000-2-12.

some applications, the user—may can reduce voltage fluctuations by adjusting the load duty cycle by changing

speed ramp rate or using other techniques.

‘ NOoTE3 Most voltage fluctuations depend upon the installation. Therefore, this system aspect

is _eauinment within the scopne_of

Wittt —o S opT—0h

o—Cqurptitoht

However whan one or more PDS<s are included - in eauinment withintthe decone
However—wneh-oRe-orMmorer~—JoSafe G uceciR-eqtHphent-Waime

Howevaer whan one or more PDSc ara included-in eagninmeaent within the dslcone
However—wneh-oRe-orMmore - oSareHhcuaecHh-equipment-WiHithe

the reauirements of that standard annly to theascomnlete eauinmen
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when one or ‘more PDSs are
1000-3-3, the regtirements of that standard apply to the complete equipment and rjot to

included

whén one or more PDSs are
1000<3>11, the requirements of that standard apply to the complete equipment anfl not

IEC 61000-2-4 for voltage changes should not be exceeded considering cumulative effects

should be the responsibility of the user or of the installer. The compatibility levels given in
from all equipment.
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NOTE Application of the voltage fluctuation limits of IEC 61000-3-3 and 61000-3-11 is only possible when the

characteristics of the load provided by the driven equipment are known. For that reason, only the machine builder

and/or end user are capable of characterizing compliance with regard to the voltage fluctuation limits.

PDS not in the scope of IEC 61000-3-3 and IEC 61000-3-11

6.2.4.3

fluctuations are generally dependent on the loading conditions and this document cannot give

For equipment not in the scope of IEC 61000-3-3 and IEC 61000-3-11, emissions of voltage
requirements.

NOTE Local rules given by local authorities can apply to the complete installation.

Emissions in the frequency range from 2 kHz to 9 kHz

6.2.5

In the frequency range from 2 kHz to 9 kHz, limits are not specified.
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NOTE 1 IEC SC 77A is working on compatibility levels in this frequency range.

NOTE 2 Until limits are specified in this frequency range, design recommendations for emission values for PDS
and CDM can be found in I[EC TS 62578:2015, Annex B.

6.2.6 Common mode harmonic emission (low-frequency common mode voltage)

The switching frequency of the converter of the PDS is often in the audible frequency range
and, in particular, the frequency range commonly used by telephone and data systems. To
avoid the risk of crosstalk to signal cables, the installation instructions shall either recommend
that the power interface cable be segregated from signal cables or state alternative mitigation
methods.

6.3 | Conditions related to high-frequency emission measurement
6.3.1 General requirements
6.3.1}.1 Common conditions

The fate of change of voltage or current is expected to be the main soureé of high-freqyency
emisgion. For this type of-emission disturbance, the highest values pfthe dv/dr—valves4gfthe
PDS|are mostly relevant-and-these-can-be-achieved which usually_oacetrs with output curfents
lower than the rated current of the PDS. Therefore, these tests_are’light load tests. The [tests
shall| be applied to the relevant ports where they exist and 'shall be performed in a |well-
definpd and reproducible manner on a port-by-port basis.

The fest method shall comply with 7.3 to 7.4 and Cladse 8 of CISPR 11:2015/AMD1:2016+
payidg—particular—attentionto—earth-connections. Thevrequirements for configuration of test
setup for the PDS considering cables atkangement are derived from 7.5 of
CISAR 11:2015/AMD1:2016, paying particular attention to earth connections. An example for
a typlical PDS test set up and cable arrangenient for measurements of radiated disturbgnces
in 3 N separation distance is described in 6.3.1.3 below. The load and cable lengths shall be
withip the manufacturer’s specification and the actual load and power interface cable lgngth
shalllbe noted in the test report.

It shall be stated in the test repant Whether the tests have been performed on a test site pr as
in sity tests.

6.3.1[.2 Conducted emissions

The measurement gquipment for evaluation of high-frequency mains terminal (power |port)
distufbance voltage emission is either the artificial mains network (50 /50 uH,| see
CISHR 16-1-2 @and CISPR 11) where it can be applied, or the high impedance voltage grobe
accofding to(5)2.1 of CISPR 16-1-2:2014, where the artificial mains network is not applicable.
The ¢hosegn-test method shall be stated in the test report. Common-mode absorption deyices
(CMADy shall not be used as part of the test setup for conducted emission measurement.

NOTE A CMAD is a piece of test equipment placed on certain cables during radiated emission measurements to
improve reproducibility (see 6.3.1.3.4).

For in situ measurement of the mains disturbance voltage, a high impedance voltage probe
without an artificial mains network shall be used (see 7.3.3 of CISPR 11:2015). The same can
be applied if the PDS has an input current greater than 100 A, or if the input voltage is greater
than or equal to 500 V, or if the PDS contains a line commutated converter (see A.4.1.2).

6.3.1.3 Radiated emissions
6.3.1.3.1 Type of test site

Equipment of category C1 and category C2 shall be measured on a test site compliant with
requirements of CISPR 16-1-4. The measurement distance shall be stated in the test report.
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Equipment of category C3 should preferably be tested on a test site compliant with
requirements of CISPR 16-1-4. However, when this proves to be impossible for practical
reasons of weight, size or power, tests may be done in a location not fully compliant with the
test site requirements. The use of this location shall be justified in the test report.

In the case of radiated emission tests on a test site, CISPR 11 allows test sites that are either
an open-area test site (OATS) or a semi-anechoic chamber (SAC).

NOTE For radiated emissions measurement in a fully-anechoic room (FAR) test conditions and requirement are
under consideration in CISPR/B. It is intended that they will be made available in CISPR 11.

6.3.1Ht vu:umc

The fmeasurement distance is considered between the reference point (RP) of the\antenna
calibfation and the boundary of the EUT’s test volume (see Figure 5 to Figure 7),\

The pelection of measurement distances shall comply with the reqmremen’t‘&gof 6.2.2.3 and
8.3.4] of CISPR 11:2015. be
The |boundary of the EUT’s test volume is the imaginary cylinﬁﬁpgaround the compplete
configuration of the EUT. This boundary is shown as item H in (Figure 5 and Figure 6] The
motof and all the cables shall be inside the imaginary cylin @nless the cables leavg the
cylinger through CMAD(s). The height of the imaginary cyli r is measured from the floor,
regaidless of whether the EUT is table-top, wall- mounted e >%ﬁwnt or standing on the flpor.

The EUT is considered as small size equipment i @ boundary of the EUT’s test vglume

complies with the definition of 3.1.5. The maX| boundary for small size equipmgnt is
shown as item K in Figure 5 to Figure 7. TQ\Q) imensions of the test volume should be
meagured with a tolerance of £0,1 m. 2

N

the use of CMADs is not mandatory. @y serve to define the common mode impedancg and

TheLjAse of CMADs is recommended, as .@ky contribute to reproducible test results. Howgver,
resomances in the frequency range 6) e 30 MHz, thus improving reproducibility.

6.3.1.3.3 Selection of m €}7ement distance
Subdauses 6.4.1.3 and&igﬁ give emission limits for tests at 10 m and 3 m distance.

Small size equipm eeting the size criterion defined in 3.1.5 may be tested at either {10 m
or 3 m. Equipme @ meeting this size criterion shall be tested at 10 m.

Spemal req @ments relating to the test setup are specified in 6.3.1.3.4 to 6.3.1.3.6 for Qetter
reprdd of measurement at 3 m. In cases where these requirements are practical for
meagu nt at 10 m distance, they will also improve reproducibility at that distance.

6.3.1.3.4 Auxiliaries and peripherals

When auxiliaries or peripheral equipment are not part of the EUT (see EUT 2 in Figure 5 and
Figure 6) they may be placed outside the test volume. However, if they cannot be excluded
from the maximum test volume because the interconnecting cables are too short or for other
reasons, these auxiliaries or peripheral equipment are put on the positioning table or on the
insulated plane.

Restriction of radiation assessment to the cable fractions inside the test volume can be
achieved for example by application at the cables of common-mode absorption devices
(CMAD) at the position where they leave the test volume. CISPR 16-2-3 gives further
guidance on the application of CMAD(s).
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6.3.1.3.5 Motor

For radiated emission, light load condition is usually acceptable for the PDS operation
A.2.1 for information on load conditions).

(see

The power rating of the motor used during the radiated emission test may be lower than the
power rating of the CDM, but shall be large enough to allow correct operation of the inverter

part of the CDM.

The motor can be put inside or outside the test volume. The power interface cable between
the CDM/BDM and the motor shall be exposed to the antenna with at least 0,8 m length inside

the tpst volume, unless the maximum cable length stated in the information for the ys
shorter. Q}/

The position of the motor and the cable arrangement shall be stated in the test nef rt.

6.3.1].3.6 Layout of setup for radiated emission tests ('bq/

s/
Examples of typical layouts for radiated emission tests are given in Figure 5 to Figure 7 |
N

If a gpecial earthing conductor is used (see "C" in Figure 7), i@%?wgth shall be at least
and if shall be connected as shown in the user documentatiorQ/

NOTE|1 An example of a special earthing conductor is a second r&}ctive earthing conductor, which co
used flor compliance with 4.3.5.5.2 of IEC 61800-5-1:2007. QQ

If thg motor is placed far from the turntable, the wgr cable can be passed through the
of the turntable (see dotted line path "A" in (%@ re 7). If the motor is placed besid
turntable (see "F" in Figure 7) and prevents the, turntable from moving, special care shou
cons|dered for performing radiated emissio»‘\@?easurement as for in situ condition (see A.

N

The lise of an AMN in radiated emissi&’{zt’ests is recommended but not mandatory.

O
Auxiljaries and peripheral equip(g.’éﬁt that are not part of the EUT should be located ou
the tpst volume. However, if‘tﬁé connecting cables between them and the EUT cann
extended to run outside th€)test volume, these auxiliaries and peripherals can be p
inside the test volume (§e’ Figure 5 and Figure 6) or on the turntable (see Figure 7).

The $pacing betwe@gl enclosures (EUT, peripheral etc.) should be = 0,1 m. This is s
by itgm "D" in Fi 5 to Figure 7.

Q~

eris

elow.

1m,

bld be

floor

the
ld be
1.2).

tside
bt be
aced

hown

Whete an 'Qconnecting cable has an excess length, item "B" in Figure 5 and Figuyre 7

showls a e bundle, as required by 7.5.2 of CISPR 11:2015. The excess cable is bu
betwg ;3 m and 0,4 m in the middle of the cable length.

hdled

NOTE 2 The reference point of the antenna calibration is considered for the measuring distance as shown b
"RP" in Figure 5 to Figure 7.

y item
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cess cable is in a bundle of between 0,3 m and 0,4 m in theMpiddle of the cable length.
ecial earthing connection, only if specified in the user documentation.
acing between enclosures should be =2 0,1 m.

e peripheral or auxiliary device is in the testN\olume only if the cables cannot be extended to allg
Fipheral to be outside the test volume.

tor

st volume. This is the boundary of the imaginary cylinder around the complete configuration of thg
DM/CDM parts of the PDS).

sitioning table of insulating matecial, with height 0,8 m £ 0,01 m above the ground plane.
undary of maximum test voltsme for small size equipment as defined in 3.1.5.

asuring distance. This. distance is measured between the test volume, H, and the reference point
enna calibration, RR"

ference point of the.antenna calibration

Figufe-5 — Example for a typical cable arrangement for measurements
n 3 m separation distance, for a table-top or wall-mounted equipment, top view
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RP

‘ Anten

|

1 l | |

L = Measuring distance
L: (3,0£0,1) m

>
P

na

(1,2£0,1)m

Mains
cable

OATS, SAC: grotndplane

Key

Special earthing connection, only if specified in the user documentatioq.
Spacing between enclosures should be = 0,1 m.

Thie peripheral or auxiliary device is in the test volume ofilynf the cables cannot be extended to allg
peripheral to be outside the test volume.

Mqtor

H Test volume. This is the boundary of the imaginary“cylinder around the complete configuration of thg
(BPM/CDM parts of the PDS).

K Bdundary of maximum test volume for small'size equipment as defined in 3.1.5.

Mdasuring distance. This distance.is nfeasured between the test volume, H, and the reference point
anfenna calibration, RP.

RP Rdference point of the antenna\calibration

Pdsitioning table of insulating material, with h@jght 0,8 m + 0,01 m above the ground plane.

\

CMAD(s) put at the position where cables leave the test volume

Figure 6 — Example for a typical cable arrangement for measurements
in 3 m separation distance for a table-top or wall-mounted equipment, side view

IEC
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e EUT

of the
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L: (10,0£0,1) m

or
|

2017

L:(3,0+£0,1)m | _
Antenna , for small size equipment :///
& »f
€ g
L = Measuring distance M
N
Insulation
IEC
Key
A The dotted line shows the route of the motor cable when the motor is¢plagéd far from the turntable.
B Excess cable is in a bundle of between 0,3 m and 0,4 m in the mjddle/of the cable length.
C Special earthing connection, only if specified in the user docufentation.
D Spacing between enclosures should be =2 0,1 m.
E Thle peripheral or auxiliary device is in the test volume/only if the cables cannot be extended to allqw the
peripheral to be outside the test volume.
F  Maqtor
K Bdundary of maximum test volume for small gjze equipment as defined in 3.1.5.
L Mgasuring distance. This distance is meastred between the test volume and the reference point of the anjtenna
calibration, RP.
RP Rdference point of the antenna calibfation
Figure 7 — Example for‘a/typical test set up for measurement of conducted and/qr
radiated\disturbances from a floor-standing PDS, 3D view
6.3.2 Connection requirements
If thg PDS is_measured on a test site, the test set up, including length and position of power
and prontrol 'cables, shall be representative of intended application(s), as defined by the
manufacturer and described in the user documentation (see 4.3). The test set-up shdll be
statefd if the test report.

If the PDS is measured in situ, the cable and the earthing arrangements are those of that
application.

6.4
6.4.1
6.4.1

Basic high-frequency emission limits
Equipment of categories C1 and C2

A Power port disturbance voltage

Limits for mains terminal disturbance voltage (power ports) are given in Table 16.
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Table 16 — Limits for mains terminal disturbance voltage
in the frequency band 150 kHz to 30 MHz

Category C1 Category C2
Frequency band Quasi peak Average Quasi peak Average
MHz dB(nV) dB(uV) dB(uV) dB(nV)
0,15 <f< 0,50 66 56 79 66
Decreases with log of Decreases with log of
frequency down to 56 frequency down to 46
0,5<7<5,0 56 46 73 60
5,0 <f< 30,0 60 50 73 60
Whefe a PDS does not comply with the limits of category C1, the following warning shall be
inclugled in the instruction for use:
Warhing
In af-demestic residential environment, this product may cause gadio interference in which
caseg supplementary mitigation measures may be required.
NOTE| High-frequency common mode filtering introduces capacitive coupling paths to earth. In the cas¢ of a
supply system in which the neutral is isolated from earth or connected to earth through a high impedande ("IT
supphf-—network system" as defined in 312.2.3 of IEC 60364%1:2005), these capacitive coupling paths cpn be
harmfyl (see D.2.2).
In th¢ frequency range from 9 kHz to 150 kHzglimits are not specified.
NOTE|1 IEC SC 77A is working on compatibility lévels in this frequency range.
NOTE|2 Until limits are specified in this frequency range, design recommendations for emission values fof PDS
and CPM can be found in IEC TS 62578:2015, Annex B.
6.4.1.2 Process measurement and control ports
If a grocess measurement and control port is intended for connection to a fieldbus, theh the
port shall comply with_the'conducted emission requirements of the relevant standard for that
fieldhus.
If a| process /measurement and control port is intended for connection to a public
telecommunication network, then this port shall be regarded as a telecommunication port] The
conductedemission requirements of CISPR-22 32, class B apply to that port.
6.4.1.3~" Radiation — Enclosure port

Limits for electromagnetic radiation disturbance (enclosure port, see definition in 3.3.4 and
Figure 2) are given in Table 17.
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Table 17 — Limits for electromagnetic radiation disturbance
in the frequency band 30 MHz to 1 000 MHz

2017

Electric field strength component
Quasi-peak

dB(uV/m)

Measurement distance 10 m @ Measurement distance 3 m @

Frequency band Category C1 Category C2 Category C1

Category C2

MHz
30 < <230 30 40 40 50
230 < <1000 37 47 47 57

or selection of measurement distance, see 6.3.1.3.3.

if the field strenath
H—H—te—Heta—StHeT

a
Hgr—heasStrem et at—vH—GCa R0t eHaGe—oetads

v
H be normalised-to
H—oehormaHsea—+t

3
=

r field effects parti not-of an
eat—He+G H Rot+—o+—ah

CtS—patt

The measurement distance shall be stated in the test report.

Whefe a PDS does not comply with the limits of category-€1, the following warning shall be

inclufled in the instructions for use:

Warhing

In atdemestic residential environment, this product may cause radio interference, in which

casg supplementary mitigation measures may“be required.

6.4.114 Power interface emission

For g4 PDS to be operated in the first environment, the limitation of emission shall be proyided

by means of one of the following options.

a) Measurements on .the power interface need not be performed if the length of the
cprresponding cablg“is less than 2 m, or if a shielded cable is used. The shielding [shall

t

t¢p the CDM and motor via 360° terminations.

b)

interfacenin the BDM,—accordingtoCISPR14—andapplyingthetimits—given—in—Tab
using(_the high impedance voltage probe described in 5.2.1 of CISPR 16-1-2:2014]

en be of high frequency quality, continuous throughout its length and at least conngcted

he emigsion shall be checked by measuring the disturbance voltage at the p

ower
le16
The

itS/given in Table 18 below shall be applied.

Where mitigation methods applied are not suitable for checking according to item b) (for

example common mode mitigation methods), the effectiveness of the mitigation method
shall be checked by establishing a coupling between the mains input cable and the motor
cable during the measurement of the mains terminal disturbance voltage according to
6.4.1.1. This coupling shall be established over the 1 m distance separating the EUT and
the AMN by running the motor cable parallel to the mains cable with a separation not

e

xceeding 10 cm over a length of at least 0,60 m.
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Table 18 — Limits of disturbance voltage on the power interface

Measurement at rated output current
Frequency band
MHz Quasi peak Average
dB(nV) dB(uV)
0,15 < f < 0,5 80 70
0,50 < f < 30 74 64

NOTE The above limits are derived from CISPR 14-1.

6.4.2 Equipment of category C3

6.4.2,.1 Information requirement

If a PDS does not meet the limits of category C1 or C2, a warning shall beCincluded in the
instructions for use stating that

e this type of PDS is not intended to be used on a low-voltage publiccnetwork which sugplies
dpmestic residential premises, and

adio frequency interference is expected if used on such a network.

[ ]
-

The [manufacturer shall provide a guide for installation and/use, including recommended
mitigption devices.

6.4.2,.2 Power port disturbance voltage

Limits for mains terminal disturbance voltage (power ports) of PDSs are given in Table 19.
The $ame limits apply to low voltage power ports of PDSs of rated voltage above 1 000 V

Table 19 — Limits for mains terminal disturbance voltage
in the frequency band 150 kHz t0o.30 MHz for a PDS in the second environment
PDS of category C3

Sige of PDS 2 Frequency band Quasi peak Average
MHz dB(nV) dB(nV)
0,145 << 0,50 100 90
0,5<f<5,0 86 76
/<100 A 5,0 < f< 30,0 90 80
Decreases with log of Decreases with log of]
frequency down to-78 73 frequency down to 60
0,15 <f< 0,50 130 120
1000A <1 0,5<f<5,0 125 115
5,0</<30,0 115 105

These limits do not apply to power ports operating above 1 000 V.

a8 Size of the PDS refers to rated current (/) of the port.

See also Clause D.2.

For PDS above 100 A without dedicated transformer, to avoid the risk of crosstalk to signal

cables, the installation instructions shall either recommend that the power cables be
segregated from signal cables or state alternative mitigation methods.

In the frequency range from 9 kHz to 150 kHz, limits are not specified.
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NOTE 1 IEC SC 77A is working on compatibility levels in this frequency range.

NOTE 2 Until limits are specified in this frequency range, design recommendations for emission values for PDS
and CDM can be found in I[EC TS 62578:2015, Annex B.

6.4.2.3 Process measurement and control ports

If a process measurement and control port is intended for connection to a fieldbus, then the
port shall comply with the conducted emission requirements of the relevant standard for that
fieldbus.

If a process measurement and control port is intended for connection to a public
telecpmmunication Network, then this port shall be regarded as a telecommunication port] The
condpcted emission requirements of CISPR 22, class A, apply to that port.

6.4.2.4 Radiation — Enclosure port

Limits for electromagnetic radiation disturbance (enclosure port, see definition in 3.3.4 and
Figude 2) of PDSs are given in Table 20.

Table 20 - Limits for electromagnetic radiation disturbance
in the frequency band 30 MHz to 1 000 MHz
for a PDS in the second environment — PDS,of category C3

Electric field-strength component
Quasi-peak
dB(uV/m)
Frequency band Measurement distance 10 m 2 Measurement distance 3 m 2
MHz
30 <f<230 50 60
230 <f< 1000 60 70

NOTE In the next edition of IEC 61800-3, itakM be the target to align the values in this table with CISPR 11].

2  Hor selection of measurement distanceysee 6.3.1.3.3.

The measurement disianee shall be stated in the test report.

6.4.2.5 Powertinterface

For 4 PDS ta be operated in the second environment, the instructions for installation and use
shall| contain all the necessary information on the installation of the power interface as
required in/4.3.

6.5 Engineering practice
6.5.1 PDS of category C4

For PDSs of category C4, the following procedure shall be used.
General conditions

Due to technical reasons, there are some applications where it is not possible for the PDS to
comply with the limits of Table 19 and Table 20. These applications are for large ratings or to
meet specific technical requirements:

e voltage above 1 000 V;
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e current above 400 A;

e networks isolated from earth, or connected to earth through a high impedance ("IT power
supply system" according to 312.2.3 of IEC 60364-1:2005);

e where required dynamic performances will be limited as a result of filtering.

In these applications of category C4 equipment, the user and the manufacturer shall agree on
an EMC plan to meet the EMC requirements of the intended application (see Annex E). In this
situation, the user defines the EMC characteristics of the environment including the whole
installation and the neighbourhood (see Figure 8). The manufacturer shall provide information
on typical emission levels of the PDS which is to be instaIIed. In the case of interference, the

NOTE| Examples of common mitigation methods resulting from the EMC plan are: global filtering, \dedjcated
specigl transformer, separation of cables.

Filtefing in IT-network power supply systems

The pse of filtered PDSs in an isolated, or high-impedance earthed,Cindustrial distribution
netwprk-may can cause a safety risk, if not properly designed for these applications. In the
case|of IT networks for complex industrial systems, limits cannot\be set. The diversity of
solutlons resulting from the knowledge of the system cannot be standardised. The jmain
cons|derations are related to fault conditions and filter leakage cufrrent.

a) Short circuit-te—earth on the motor side of the PDS. If<the PDS is allowed to continpe to
riin in this condition, high levels of high frequefcy current will flow in the filtering
cppacitors. This can—ecause—a—trip—ofthe T—mbpitoring—system—which—willtead—tp—an

[ damage the filter<capacitors. Short circuit to earth on the

otor side can cause the application of ¢common mode voltage to other neighbopring
eguipment.

b) Undesired fail detection by thet1T-menitering-system insulation monitoring device (IMD)
according to IEC 61557-8 because oflincreased capacitance to earth, which-will can|lead
t¢ an undesired process shut down;

The $olutions are based on a caseg“by case analysis.

6.5.2 Limits outside the(boundary of an installation, for a PDS of category C4 —
Example of propagation of disturbances

6.5.2[.1 General

For PDSs in thessécond environment, the user shall ensure that excessive disturbanceg are
not induced inte neighbouring low-voltage networks, even if propagation is through a medium-

work,

Figure 8), and a V|ct|m on another network (for example W|th|n installation 1) it shall first be
clearly established that the disturbance of victim equipment (in installation 1) occurs when the
supposed emitting PDS (installation 2) is operated.

6.5.2.2 Interference due to conduction

In this case, the measurements shall be carried out at the low-voltage secondary of the
medium-voltage transformer of the installation (installation 1) where the victim is situated (see
Figure 8 for point of measurement). The requirements given by Table 21 or Table 22 and
Table 23 including the reservations concerning ambient noise, shall be fulfilled.
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Medium voltage network

Installation 1 Installation 2
User A User B

‘.v\ Point of measurement

L / L /
/ 7 A

/
Low voltage Low voltage

Equipment

PDS
(emitter)

Equipment
(victim)

Equipment

IEC

Figure 8 — Propagation of disturbances

NoTE| This method can be applied to different parts of the same installation in the case of|PDS
of rated voltage above 1 000 V with limits reported -in{ the EMC plan. In this case, in-situ
meagurement of propagated disturbance voltage should be carried out at the low-voltage
secopdary of the high-voltage transformer (part 1> 0f*the installation) which is electrically the
closgst to the PDS considered as emitter (see Figure 9 for point of measurement).

High voltage or medium voltage network

Part 2 of the
installation
Part'4-of the installation
Tv\ Point of measurement
yi /
/ ‘ 4
Low “voltage
Equipment Low voltage
auxiliaries
Equipment PDS
(victim) (emitter)

IEC
Figure 9 — Propagation of disturbances in installation with a PDS rated > 1 000 V

If installation 1 in Figure 8 belongs to the first environment, the disturbance voltage shall
comply with the limits of Table 21.


https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

IEC 6

1800-3:2017 RLV © IEC 2017 - 57 -

Table 21 — Limits for propagated disturbance voltage
("outside" in the first environment)

Frequency band Quasi peak Average
MHz dB(nV) dB(nV)
0,15 <f<0,50 66 56
Decreases with log. of frequency Decreases with log. of frequency
down to 56 down to 46
0,5</<5,0 56 46
5,0 <f<30,0 60 50

If ing

envirpnment, the disturbance voltage shall comply with the limits of Table 22.

tallation 1 in Figure 8 or part 1 of the installation in Figure 9 belongs to the.se

Table 22 - Limits for propagated disturbance voltage
("outside” in the second environment)

cond

Frequency band Quasi peak Average
MHz dB(nV) dB(nV)
0,15 <1< 0,50 79 66
0,5<f<5,0 73 60
5,0 <f<30,0 73 60

If the
limitg

characteristic set of emitted frequencies can be recognised and exceeds the meag
ambient noise.

6.5.2,
6.5.2,

(Table 21 and Table 22), the supposed ‘emitting PDS is only considered to fai

3 Interference due to radiation

3.1 Radiation above 30-MHz

ambient noise (without operation of the PDS which is the supposed emitter) exceeds the

if a
ured

In cgse of interference, the_radiation shall be measured at a distance of 10 m from the
boundary of the installation, if interference occurs outside in the first environment or|at a
distahce of 30 m from~the boundary of the installation, if interference occurs outside in the

seco

nd environment. The measured field strength shall comply with Table 23.

Table 23/ ~Limits for propagated electromagnetic disturbance above 30 MHz

Frequency band Electric field strength component
MHz Quasi peak
dB(uV/m)
30 < /<230 30
230 << 1000 37

If the ambient noise (without operation of the PDS which is the supposed emitter) exceeds the
limits (Table 23), the supposed emitting PDS is only considered to fail if a characteristic set of

emitt

ed frequencies can be recognised and exceeds the measured ambient noise.

The emissions from the PDS shall be suppressed until they are below the limits, or below the
ambient noise, whichever is the higher.

See also A.4.3.
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6.5.2.3.2 Radiation between 0,150 MHz and 30 MHz
In case of interference, the radiation shall be measured at a distance of 10 m from the

boundary of the installation if interference occurs in the first environment, or at a distance of
30 m from the boundary of the installation if interference occurs in the second environment.

A magnetic loop antenna according to CISPR 16-1-4 shall be used. The values shall not
exceed those given in Table 24 at the frequencies for which interference occurs.

Table 24 - Limits for electromagnetic disturbance below 30 MHz

Frequency band Magnetic field strength component
MHz
Quasi peak
dB (s pA/m)
0,15 </<0,49 75 13,5
0,49</<3,95 65 3,5
3,95Sf<20 59_11’5
20 /<30 407-21,5

6.6 | Application of emission requirements — Statisticak aspects

6.6 applies only to PDSs of categories C1, C2 and C3.

Confprmance of the PDSs of categories C1, C2 and C3 shall be verified by performing a|type
test ¢n a representative model. For simplicity, this type test may be made on one appliance
only.[The manufacturer or supplier shall ensure by means of his quality system that the EMC
perfgrmance of the product is maintained.

As fdr as statistical aspects are concerned, Annex H of CISPR 11:2015 applies.



https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

— 59 —

IEC 61800-3:2017 RLV © IEC 2017

Annex A
(informative)

EMC techniques
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A Level of the disturbance

A

- 61 -

Susceptibility of the equipment

Susceptibility of the equipmenty»

Typical susceptibility  Y»

<€ Immunity test

Compaﬁbiﬁtﬁ

Maximum disturbance

Summation of
several sourees

Total disturbance leve¢l

Theoretical relations

A.1 | Application of PDSs and EMC

Practical relations

Probability density

IHC 929/04

The fange of application of PDSs is so large that any attempt to establish an exhaustivie list
will fail. However, the examples: given here show PDSs used in a range of very different
envirpnments. Because the @definition of EMC is more dependent on the environment thgn on
the pfroduct itself, any code of practice should consider this fact. For example, the limitatipn of
emispion in buildings used for-demestic residential purpose should be quite different from that |

used|for rolling mills.in_an industrial plant.

Examples of application of PDSs are listed here:

¢ machineools, robots, test equipment in production, test benches;

e pppérmachines, textile production machine, calenders in rubber industry;

e process lines In plastic Inaustries or in metal Inaustries, roling mills;

e cement crushing machines, cement kilns, mixers, centrifuges, extrusion machines;

e drilling machines;

e conveyors, material handling machines, hoisting equipment (cranes, gantries, etc.);

e propulsion of ships, etc.;

e pumps, fans, and so on.

These examples use PDSs covered by this document. However, electric vehicles and
particularly traction drives are excluded from the scope of this document (see Clause 1).
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A.2 Load conditions regarding high-frequency phenomena

A.21 Load conditions during emission tests

The load on the motor normally has little effect on the EMC characteristics of the PDS.
Therefore, the PDS need not be tested for EMC characteristics at all load conditions, but only
at a load that is representative of all operating emissions. The manufacturer should certify
that the load conditions he has selected for the test meet this criterion.

The radiated and conducted emissions of a PDS are mainly caused by sharp transitions of its
output voltage that are used to produce low-frequency, or DC output power. The voltage
speclrum of the waveform can have sufficient energy at high frequencies for the ROS to

radiate electrical energy from its input power wires, cabinet, motor leads, and motor ¢ase.
Since¢ the radiated energy is caused by the voltage transitions, tests should be pérformgd at
cond|tions where the voltage transitions have the largest amount of high-frequency content.
Tests need not be performed at other conditions.

The gharpness of output transitions can be affected by the switching~speed of the power
devide that is used in the PDS. IGBTs (transistors) are extremely)fast devices thpt in
combination with the recovery characteristics of the diodes used in'‘'some types of invgrters
can [cause dv/d: that can be greater than 1 000 V/us. It is. important to note thaf the
abruptness of the diode recovery is an important component-of_this high dv/ds. Even thiough
the lgvel of the recovery current is load dependent, the abruptness of the diode recovéry is
not gs dependent on the load level. Note that attenuationmyeasures should be rated to ¢over
saturation effects of filter elements (for example saturation of interference suppregsion
indugtors).

On the other hand, it is important to considerithe effect of passive capacitive, resistivie, or
indugtive power circuit components, such as shubber components that are used to contrgl the
rate pf rise of this voltage. The output waveform with these devices present can have [dv/d¢
characteristics that are load dependent. In‘this case, it is important that the PDS be testpd at
the worst case dv/d¢ point of operation;

A.2.2 Load conditions during immunity tests

The Joad on the motor nofmally has little effect on the EMC characteristics of the PDS.
Thergfore, the PDS need not be tested for EMC characteristics at all load conditions, buf only
at a |load that is represéentative of all susceptibilities. The manufacturer should certify that the
load ponditions he has_selected for the test meet this criterion.

Gengrally, load)conditions do not affect the immunity of a PDS to low or high-freqency
distufbances( The failures of the power and control circuitry are generally associated| with
voltape not-eurrent levels. Testing at light load does not detect slight changes in the setftings
of prptective circuitry, i.e. over current, over voltage. If these levels are critical to the pfoper
operation of a PDS, the test should verify the immunity at these points of operation.

If the torque-generating behaviour criterion is used, the load should be at such a level that it
is possible to measure the torque disturbance associated with the low or high-frequency tests.
This will require a motor and a torque-measuring device. The motor should have a load that
can be used in the electromagnetic environment of the test. If indirect torque-measuring
methods are used, the PDS should be operated at a load level which is sufficient for any
torque disturbances to be measured.

A.2.3 Load test

A light load test, i.e. a test with the motor running at no load, can be used to verify the EMC
characteristics of a PDS if the above conditions are met. Tests can even be performed using
passive power resistors and inductors that simulate the load condition of a motor. It is also
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important to note that the motor case can act as an antenna element. If a passive load is used,
this antenna effect should also be simulated.

The manufacturer of the PDS should provide certification that the load on the PDS during any
test will produce the worst case or most sensitive conditions for his particular product. This
certification can be by test of a representative product, or by calculation or simulation.

A.3 —lmmunity to power frequency magnetic fields

Testihg according to IEC 61000-4-8 is usual where components sensitive to magnetic-field are
used| PDSs frequently use Hall-effect current sensors. However, these sensors-are designed
to operate in locations where high levels of magnetic fields exist (close vicinity of power
condpctors). Those amplitudes are much higher than the levels of the ftest according to
IEC $1000-4-8. For example, it can be calculated that a 10 A current (assimed to be alone on
an infinite straight line) produces a magnetic field of 320 A/m at 5 mm) It can therefofe be
cons|dered that the disturbance applied by the test is negligible compared to the operating
envirpnment of this sensitive component.
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16-1-2:2014. For the frequency range of disturbance voltage measurements defined in this
document, the 50 Q// 50 uH network or the 50 Q// 50 uH + 5 Q network can be used.

Between 150 kHz and 30 MHz,
impedance to earth of 50 Q

The characteristics of various networks are defined in Clause 4 of-CISPR-16-1({2002) CISPR
incoming mains supply.

(power drive system) sees an

regardless of the

the equipment under test

impedance of the

with 50 pH

in parallel
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A.4.1.2 PDS with which the AMN cannot be used

A4.1.21 Reasons of impossibility

At lower frequencies, the inductors inside the 50 Q // 50 uH AMN add 50 pH to the impedance
of the mains supply. The inductors inside the 50 Q// 50 uyH + 5 Q AMN add 300 puH. This
additional impedance can prevent correct operation of some PDSs (for example, commutation
notches become excessively wide at high current and low firing angle, if the supply
inductance is too high). In these cases, the AMN cannot be used.

har than 400 \/ nominal it can bha difficult to obtainan*AMN oh the
Ae—tah—4auu RoHARat t+—ca—o e aHHeUtHt—to—ootaH -G vin—oh—tHe

If an|AMN is not commercially available, the methods in A.4.1/2+2' or A.4.1.2.3 can be applied.
The method in A.4.1.2.3 is preferred. In cases where high“cdrrent prevents the use df the
standard AMN method, the following steps should be used(p improve correlation:

1) measure with the standard AMN method at the maxjmum possible power level of the AMN;

2) measure with the alternative method according to A.4.1.2.2 or A.4.1.2.3 at the $ame
ppwer level;

3) npte the difference in results between thetwo measurements;

4) njeasure with the alternative methodtvaccording to A.4.1.2.2 or A.4.1.2.3 at the dejsired
ppwer level;

5) dorrect the result from step 4).according to the difference noted in step 3).
A.4.1.2.2 High impedance'voltage probe

When an AMN is not used; the disturbance voltage can be measured using a high impedance
voltape probe, as des¢ribed in 5.2.1 of-CISPR16-1({2002) CISPR 16-1-2:2014. Sincé¢ the
powdr frequency current does not pass through the probe, it can be used with PDSs of [even
the hiighest current ratings.

By adjusting(the value and voltage rating of the capacitor, this probe can be used| with
supplies atcleast up to 1 000 V. If the capacitor value is reduced, its effect on the scaling of
the nreasurement should be allowed for in calibration, as stated in CISPR 16-1-2.

The probe is connected between the line and the reference earth. If the CDM/BDM has an
earthed metal frame, this can be taken as the reference earth. This connection should be to
the supply leads as they enter the CDM/BDM. The connections to the probe should be as
short as possible, preferably less than 0,5 m.

CISPR 16-1-2 provides a warning about the need to minimise the loop area formed between
the lead connected to the probe, the conductor tested and the reference earth. This is to
reduce susceptibility to magnetic fields.

A.4.1.2.3 Alternative method for high current PDS

In some cases, it can be difficult to use the high impedance probe because of safety reasons
during changing of phases, and the readings can be several tens of decibels higher (because
of mismatched impedance) than those which are obtained with an AMN measurement.
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(

even with a high current PDS

are quite similar to that of a virtual

IEC 61800

as a voltage probe

— 66 —

)

This method is described in Clause A.5 of CISRPR16-2

).

reference-should be - made to-the normativelnarts of this standard

The measurement results, with this method

Performing high-frequency in situ emission tests

open (for example no connection to peripherals). The receiver should be connected to the
Fordefinitive—information,reference-should-be-made-to-the-normativeparts—of thisstandard

cabling) between the PC and the AMN connection. The mains side of the AMN should be left
AMN as usual.

The load side of the AMN should be connected to the supply lines of the PDS at the power

An alternative method, which has been experienced in some countries for a number of years,
port terminals by a 1 m cable. There should be some inductance

uses a low current AMN (for example 25 A

(above several hundreds of amperes
{2003} CISPR 16-2-1:2014. The PDS is not disconnected from its supply network.

AMN of several hundreds of amperes.

Eor definitive_information
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When equipment cannot be tested on a test site, tests are performed in situ. In this case,
extra care should be taken to avoid problems caused by ambient noise;as-desecribed-above.

Testing in situ is not as repeatable as testing on a test site. Therefore, some care shou

Id be

taken when using the results of in-situ testing on one site to predict compliance for a product

produced in quantity.

For llarge equipment, the antenna may be moved around the equipment to determing the

highgst emission spot.

A.4.3 Established experience with high power PDSs

For geveral decades, the experience in different countries has shown that the establ
dures of legislation and protection of radio-communication services against

The ¢mission limits of such a high powef-installation are referenced to the actual bounda
the ipstallation terrain, even in the case of measurement and control equipment whi
intended to be installed there. Theyemission limits have been applied with respect t
boundary of the installation (thesmeasurement point for-cenducted mains terminal disturb
voltape is the low-voltage secondary of the next available medium-voltage transformer
for the radiated emissions a'30'm distance to the boundary); see [4] and [5].

As result, the procedure stated in 6.5 follows this experience. Such a use of a
(category C4) requifes ' EMC competence. Such competence should be applied to the d
of thle apparatusior the manufacturer and the user should define the—best-econo]
appropriate compatibility levels in a specific environment.

shed
high-

cond
rules
e [5].
ry of
ch is
b the
ance
and

PDS
bsign
et

1 _The figures in square brackets refer to the bibliography.
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Annex B
(informative)

Low-frequency phenomena

B.1 Commutation notches

B.1.1 Occurrence — description

Commutation notches (qpp IEC 60050-551-1998 551-16-06) are caused hy line-to-line short
circults which occur at the terminals of a thyristor converter. This occurs when currgnt is
commutated from one phase of the supply to the next. Voltage notches are deviations qf the
AC mains voltage from the instantaneous value of the fundamental. The magnitdde of the
commutation notch, seen elsewhere in the supply system, depends on the ratio of supply
impefdance and decoupling reactance in the thyristor converter.

Loteome S

273

1
NOTE Typical range of per unit values are provided for reference only.

The figure assumes there is no impedance between PDS terminals and the converter.

Repetitive transients (ULrm/ULwm) = 1,25 to 1,50; depending on the snubber design with respect to di/d¢
and Igg (dynamic reverse current of the semiconductor).

Non-repetitive transients (U gu/U wwm) = 1,80 to 2,50 depending on additional protective devices.

Figure B.1 — Typical waveform of commutation notches —
Distinction from non-repetitive transient

Analysis of notches considers a wider range of frequencies than normal harmonic analysis.
Their time-domain characteristics cause effects which cannot be understood by a simple
harmonic analysis. Therefore, they are analysed in the time domain using an oscilloscope.
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The following should first be remembered:

in simple cases where the rule applies, it is assumed that the network impedance can be
modelled with a pure reactance: Z = Lw (this assumption is not valid in cases where
capacitors or long cables are present; resonances can occur in such cases);

the immunity against commutation notches is classified in 5.4.1 and Table 9 of
IEC 60146-1-1:4994 2009 where their measurement is defined in depth (in % of U )
and in area (depth multiplied by width, in % degrees); IEC 60146-1-1 defines U\ as the
maximum instantaneous value of U excluding transients (therefore this is the amplitude),
where U|_is the line-to-line voltage on the line side of the converter or transformer, if any.

If thef'converier does not Include any inductance, the depih 4 of the principal notch in the|line-
to-line voltage at the terminals of the converter itself (not the terminals of the BDM/CDM) is

given by

d=100sin ¢ (%)

wherge o represents the firing angle of a phase controlled converter (féferred to the natural

commutation point of a diode);

the principal notch is characterised by a value of 0 V (line-ta-line voltage at the converter's
tgrminals);

the approximation gives an under-evaluation of d for a’< 90°, and an over-evaluation of d
fqr a > 90°.

The hotch area a can be approximated by a simple relationship (example of a three-phase

bridge, see the conditions of the approximation in:the note below):

wherg

I,
UL

It can be seen that the"worst case occurs when the PDS is at current limit conditions.

NOTE| During commutation angle u, from « to (« + u), the commutating voltage is:

and

a =8 000 (Z, xT4/U.) (% degrees)

g the total line impedance per phase (here assumed to be a pure reactance), inclyiding
ahy impedance in the CDM;

i the fundamental component of the line-side current;
i the line-to-line voltage.

\/E U, sin wt

\/E U, sin ot =2 L, dlldt

the area of the commutation notch is

a+u otu di dt . .
= = a @ in volt x radian
4 L U(0)ao =21, L o ( )

A4=2L ol  whichmeans 4=2Z1

where [ is the commutated current.

To take into account the ripple in a three-phase bridge, assume 7, = 0,75 I, where I is the DC current:

A=15214

and with a in % degrees
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a =100 4 (36012 =) (1/\2 U,) = 6 077 (7, 1,/U,)
a=7794 (Z,1,/U,)

a ~8 000 (Z; I1./U) or in per units values  a =4 500 (z; i)

B.1.2 Calculation

B.1.2.1 General assessment

When the assumptions listed above are valid, the notch depth at the PC is:

wher

wher
Zy i

The amplitude of the ability of control of the converter (for'example the case of a three-p

contn
conv

Adding a decoupling reactance Z; between thg, PC and the BDM reduces the notch deptt

incre

In simple cases where the above_assumptions apply, these equations can be used to d

the T
contn

Then
deco
value

NOTE|

dpc % =100 sin o ( ZJ/(Z, + Z4) ) = 100 sin a (Z./Z))
e Z, is the total line impedance.

Zy=Z.* Zy

the decoupling reactance between the PC and the converterderminals (whether incl
" not in the CDM);

the supply network impedance at the PC.

olled bridge), is often represented by sin «. The notch depth varies from 100 % 4
brier terminals to 0 % at a zero impedance source.

pses the notch width at the PC, but thehotch area remains constant.
apc = 8 0004(Z, x 11./U,) (% degrees)
equired decoupling reactance. Knowing the notch depth limit (see Table B.1) an
ol amplitude ability of the)converter, the notch depth at the PC gives the ratio:
ZJM(Z + Zy)
Z., definediby'the user, allows calculation of Z, by the installer, from which the int

is thereactance to be added for correct decoupling.

The calculations above do not take account of transients at the beginning and at the end of the notch

uded

hase

t the

and

efine
1 the

ernal

Lpling reactance if any (given by the manufacturer) can be subtracted. The remagining

B.1.2.2 Practical rules

The calculation above defines the practical rule for decoupling the emission by means of a
reactance Zj. This is summarised below. The fundamental relations, assuming the network
impedance is a pure reactance, are:

Z

c=Lox o

Zy=Zot Zy
dPC % =100 sin a (ZC/Zt)

apc % degrees = 8 000 (Z; x 14 /U))
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If multiple converters are connected to the same line, 5.4.2 of IEC TR 60146-1-2:2011 should
be considered.

However, it should be remembered that compliance with the notch emission criterion does not
automatically ensure compliance with harmonic emission criteria. Similarly, compliance with
harmonic emission criteria does not automatically ensure compliance with the notch emission
criteria. The immunity aspect is not entirely covered by the harmonic distortion criteria. Indeed,
since the harmonic criterion does not imply any phase relationship between the different
harmonic components, it does not prevent a particular voltage waveform from being applied to
the PDS. Because the particular waveform of commutation notches (dv/d:z, possible zero
crossing) affects operation of snubbers or can affect electronic control operation as well, a
parti¢gutar immunity criterion is stated in IEC 61800-1TF997) and in IEC 61800-2—9S8] it is
even| defined as electrical service conditions in 4.1.1 of IEC 61800-1:1997 and~4(9 of
IEC $1800-2:2015.

B.1.3 Recommendations regarding commutation notches
B.1.3.1 Emission

The [recommendation does not apply to power converters with-such a structure| that
commutation notches are known not to exist or to have only negligible amplitude.

NoTE| For example, an indirect converter of the voltage sourCe inverter type with an gctive
front|end equipped with a decoupling filter designed forlattenuation of the effects of the
switching frequency does not produce notches. A simple diode rectifier produces notches of
negligible amplitude. The main practical case whére emission of notches should be
cons|dered is the case of thyristor converters (line_ cemmutated).

Compliance with the recommendations related to commutation notches does not avoid the
need| to verify compliance with the requirements for harmonics. The depth of the prircipal
notch at the PC (PCC or IPC) should be limited according to Table B.1, with a line impedance
assumed to be a pure reactance:

Z=Lo
and having a value of 1,5 %\(related to the rated power of the PDS).

NOTE|1 When installing the\PDS, the line impedance is practically defined from the short-circuit power S [at the
PC:

Zsc = ULNZ/SSC

Table B.1 — Maximum allowable depth of commutation notches at the PC

First environment Second environment
Maximum 20 % 20 %
notch depth
Class C of IEC 60146-1-1 or Class B of IEC 60146-1-1 or
comply with the requirements of the local agreement with the user
supply authority

NOTE 2 This rule cannot be used in cases where resonances can be expected due to capacitors or long length of
cables.

NOTE In the case of certain distribution networks, special consideration-may can be required
(for example internal distribution networks in hospitals). In such cases, the conditions should
be specified by the user.

Compliance may be determined by calculation, simulation or measurement.
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If the PDS deviates from this recommendation, and in order to make the user able to comply
with this recommendation, the manufacturer should provide the following information in the
user documentation:

e the maximum and the minimum line impedance for correct operation of the CDM/BDM,;

e details of the decoupling reactance Z if any, that is included in the CDM/BDM.

e details of the available decoupling reactances Z4 which can be delivered as optional items.

NOTE 3 The maximum line impedance is directly related to the maximum notch area at the PC (see B.1.1).

However, in the case of multiple PDSs connected to the same PC, notch limitation is a system
cons|deration and a simple rule cannot be defined.

NOoTE| The main practical case where immunity against notches should be considered for pther
equigment is the case of RFI filters.

B.1.3.2 Immunity

The harmful effect of notches on a PDS can be much greater than)that which would be
indicated by a frequency domain analysis of their contribution to thé.total harmonic distortion.
Thergfore, a time domain analysis of commutation notches is necessary. Note that the %ress

due fo harmonics and commutation notches affects the elegtronic control and some power
devides as well (snubbers for instance). Because electronie’control malfunctions will ¢ccur
immgdiately, and snubbers have a short thermal time constant, the duration of a test, iff any,
for permanent conditions need not exceed 1 h.

Somge practical cases where immunity against notches should be considered are:
o where operation is affected instantaneously, for example the effect on elecfronic
synchronisation circuits where the zero erossing of voltage is taken as reference;

o thermal overload, for example overload of snubber circuits in the power converter;

e opervoltage on L-C circuits, for example RFI filters.
B.2 | Definitions related to.harmonics and interharmonics

B.2.1 General discussion
B.2.1.1 Resolution’of non-sinusoidal voltages and currents

Classgical Fourierseries analysis (1EV404-143-08 |IEC 60050-103:2009, 103-07-18) enables |
any mon-sinusaidal but periodic quantity to be resolved into truly sinusoidal componentg at a
seriep of frequencies, and in addition, a DC component. The lowest frequency of the serjes is
callefl thé fuindamental frequency (}EV-104-14-49 |[EC 60050-161:1990, 161-02-17). The pther |
frequenties in the series are integer multiples of the fundamental frequency, and are dalled
harmonic frequencies. The corresponding components are referred to as the fundamental and
harmonic components, respectively.

The Fourier transform (1EV464-143-09 |EC 60050-103, 103-04-01) may be applied to any |
function, periodic or non-periodic. The result of the transform is a spectrum in the frequency
domain, which in the case of a non-periodic time function is continuous and has no
fundamental component. The particular case of application to a periodic function shows a line
spectrum in the frequency domain, where the lines of the spectrum are the fundamental and
harmonics of the corresponding Fourier series.

NOTE 1 When analysing the voltage of a power supply system, the component at the fundamental frequency is
the component of the highest amplitude. This is not necessarily the first line in the spectrum obtained when
applying a DFT to the time function.
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NOTE 2 When analysing a current, the component at the fundamental frequency is not necessarily the component
of the highest amplitude.

B.2.1.2 Time varying phenomena

The voltages and currents of a typical electricity supply system are affected by incessant
switching and variation of both linear and non-linear loads. However, for analysis purposes
they are considered as stationary within the measurement window (approximately 200 ms),
which is an integer multiple of the period of the power supply voltage. Harmonic analysers are
designed to give the best compromise that technology can provide (see IEC 61000-4-7:2002).

B.2.2 Phenomena related definitions

B.2.3.1

fundamental frequency
frequency, in the spectrum obtained from a Fourier transform of a time function,\to whig¢h all
the flequencies of the spectrum are referred

Note 1 to entry: For the purposes of IEC 61800, it is the same as the power frequency supplying the converter, or
supplipd by the converter according to the case which is considered.

Note 3 to entry: IEC 60050:2001, 551-20-01 and IEC 60050:2001, 551-20-02 defines the components as a|result
of the|Fourier analysis; frequencies are therefore a consequence. In B.2.2, the definitions follow the appropch of
SC 77A defining first the frequencies, the components being a consequence, There is no contradiction betwepn the
two different approaches.

Note 3 to entry: In the case of a periodic function, the fundamental frequency is generally equal to the frequency
of thg function itself (see IEC 60050:2001, 551-20-03 and IEC_60050:2001, 551-20-01). The above defjnition
corregponds to the genuine definition of "reference fundameéntal frequency" according to IEC 60050}2001,
551-20-04 and IEC 60050:2001, 551-20-02, for which the term “reference" may be omitted where there is no fisk of
ambigpity.

Note 4 to entry: In case of any remaining risk of ambiguity, the power supply frequency should be referred|to the
polarify and speed of rotation of the synchronous gengtator(s) feeding the system.

Note § to entry: This definition may be applied to~any industrial power supply network, without regard to thge load
it supplies (a single load or a combination of\leads, rotating machines or other load), and even if the generator
feeding the network is a static converter.

[SOYRCE:+EV104-14-50modified IEC 61000-2-2:2002, 3.2.1, modified — In the definjition,
the sentence starting with "Eoxithe purposes of this standard" has been moved to a note| The
noteg have been rephrased,‘and new notes have been added.]

B.2.3.2

fundpmental component

fundamental

the componentWwhose frequency is the fundamental frequency

B.2.3.3
harmonic frequency

frequency which is an integer multiple greater than one of the fundamental frequency or of the

reference fundamental frequency JFhe—mHe—ef—thw—#eq&en%e—the—iundamen%aJ—#equeney—is

[SOURCE: IEC 60050-551:2001, 551-20-05]

B.2.2.4
harmonic component
any-of-the sinusoidal component of a periodic quantity having a harmonic frequency.-ts—value

Note 1 to entry: For brevity, such a component may be referred to simply as a harmonic.
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Note 2 to entry: The value of a harmonic component is normally expressed as an RMS value.

[SOURCE: IEC 60050-551:2001, 551-20-07, modified — The note has been deleted and

repla

ced by Notes 1 and 2 to entry.]

B.2.2.5

harmonic order
ratio of the frequency of any sinusoidal component to the fundamental frequency or the
reference fundamental frequency

Note 1 to entry: The harmonic order of the fundamental component or the reference fundamental component is

one.
Note 4 to entry: The recommended notation is "A".

[SOURCE: IEC 60050-551:2001, 551-20-09, modified — Note 2 to entry has beefi\added.
B.2.2.6

interharmonic frequency

any frequency which is a non-integer multiple of the reference fundameéntal frequency

Note 1 to entry: By extension of the harmonic order, the interharmonic order is the ratio of interhajmonic
frequgncy to the fundamental frequency. This ratio is not an integer (recommended notation "m"

Note 3 to entry: In the case where m <1, the term of sub-harm@ni¢ frequency may also be used (see
IEC 60050-551:2001, 551-20-10).

[SOURCE:+EV-554-20-071EV/ 551-20-05-and 1EV/ 554220-09 |[EC 60050-551:2001, 551-20-06,
modified — The notes have been added.]

B.2.3.7

interharmonic component

sinudoidal component of a periodic quantity’ having an interharmonic frequency.-lis—~valpe-is
Note {1 to entry: For brevity, such a companent may be referred to simply as an interharmonic.

Note 4 to entry: For the purposes of }EC 61800, and as stated in IEC 61000-4-7, the time window has a w|dth of
10 fundamental periods (50 Hz systems) or 12 fundamental periods (60 Hz systems), i.e. approximately 200 ms.
The dffference in frequency between two consecutive interharmonic components is, therefore, approximately| 5 Hz.
In cade of other fundamental\frequencies, the time window should be selected between 6 fundamental pgriods
(apprgximately 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 — The note has been deleted| and
replaced by Notes™ and 2 to entry]

B.2.2.8

harmonijc-content

sum pbf'the harmonic components of a periodic quantity

Note 1 to entry: The harmonic content is a time function.

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

Note 3 to entry: The harmonic content depends on the choice of the fundamental component. If it is not clear from

the co

ntext which one is used, an indication should be given.

Note 4 to entry: The RMS value of the harmonic content is

where



https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

o
h

H

-76 - IEC 61800-3:2017 RLV © |IEC

represents either the current or the voltage;
is the harmonic order (according to B.2.2.5);

is 40 for the purposes of this document.

2017

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

e e e e e e e e e e
B.2.2.9

total
quan
refer

Note 1

Note 4
from t

Note J
Note 4

Note §

where|
551:2

[SOU
been

distortion content
ity obtained by subtracting from an alternating quantity its fundamental component
ence fundamental component

to entry: The total distortion content includes*harmonic components and interharmonic components if

to entry: The total distortion content depéends on the choice of the fundamental component. If it is no
he context which one is subtracted, an indication should be given.

to entry: The total distortion content is a time function.
to entry: An alternating quantity (abbreviated as Q) is a periodic quantity with zero DC component.

to entry: The RMS value of the total distortion content is:

DC =0 - Of

notations_cefme from B.2.2.8. See also-E\V4014-14-54 and |[EC 60050-161:1990, 161-02-21 and IEC §
01, 551-20-06.

RCEJIEC 60050-551:2001, 551-20-11, modified — The brackets in Note 4 to entry

or its

any.

clear

0050-

have

added, as well as Note 5 to entry.]

B.2.2.10

total
TDR

distortion ratio

ratio 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

Note 1 to entry:

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

TDR =

pc O -0

9 0

The total distortion ratio depends on the choice of the fundamental component. If it is not clear
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[SOURCE: IEC 60050-551:2001, 551-20-14, modified — The abbreviated term TDR has been
added.]

contewhchrone TS oseg g muiCa o SHote b ghHveH-

TDF _ O
TDR O
B.2.2.11
individual distortion ratio
IDR

ratio jof any harmonic component to the fundamental: ‘

DR <2k
1

Note 1 to entry: In IEC 60050-161:1990, 161-02-20; this term is named "nth harmonic ratio". |
B.2.3 Conditions of application
B.2.3.1 Reference values

For the purposes of this document and for clarity, limits are referred to the correspofding
rated value.

Limitg for THD and FDR are applied to:

THDy =
22
TDR =&, or
04
R =2
On1

where Oy is the rated RMS value of the fundamental.

NOTE 1 It is important to note that THD does not include interharmonics, and that the upper limit H is generally
40. TDR does include interharmonics and frequencies above the order 40 up to 9 kHz. If interharmonics and
emissions at frequencies above order 40, are negligible, THD and TDR are equal.-The-total-distortionfactorZDE; |
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Assessment of emission should be made under the operating conditions which provide the
maximum value of the harmonic content in current according to IEC 61000-3-12, and in
reference to the rated value. Nevertheless, interharmonics should be considered separately.

NOTE 2 The harmonic content in current (HCI) is designated as the total harmonic current (THC) in IEC 61000-3-
12. Where interharmonics can be disregarded, it represents a good approximation of the total distortion content in
current (DCI):

h=40

SO\ 2 2
THC=HCI=1" ) 11}) ~ DTCI =W —17)

h=2

B.2.3.2 Systems and installations

A POS is generally a component of a larger system which can be as large’ as a complete
procgssing line in the paper or metal industry. To avoid any confusion.in this document, the
word| "installation" is used exclusively to designate the completevinstallation whigh is
conngected to a PCC (point of common coupling) on a public power supply network.

B.2.3.3 Load conditions
For the system, the steady state conditions represent the worst case conditions provided that
the gverload conditions (acceleration or other) do not exceed a total duration of 5 % in a[24 h
period, and 1 % in a 7 day period. If the load of the system is defined by a cycle, assessment

of hgrmonic emission during a period of highest load should be performed according tp the
meagurement method defined in IEC 61000-4-7,

Over|oad conditions are not considered for'assessment of low voltage PDS with rated finput
current below 75 A (see B.3.2.2).

B.2.3.4 Agreed power

The agreed power Sgt defines the equivalent reference current Iy (total RMS value):

Sst = Uy x Ity x 3

=
>
]
=
4%

Uy is the nominal (or declared) line-to-line voltage at the PCC;
ITN is thesreference current.

Note|that /4y, is close to the tripping current value of the main circuit breaker of the installation.
Sg1 represents the power which can be delivered at any time, by the public supply network, to
the inmstattationtt—Tanm be assumed thatfor each agreed intermat_power there exists a
reasonable short-circuit power (fault level) Sq defined at the PCC. This is the responsibility
of the power distribution authority.

NOTE The "agreed power" results from an agreement between the user (owner of the installation) and the utility
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. (per unit), the reference current It\4 is by
convention equal to /Ty

B.2.3.5 Agreed internal power (extension of the definition of agreed power)

The agreed internal power S;1 , for an installation at a defined IPC "a", defines the equivalent
reference current I1yp (total RMS value) for the part A of the installation fed from a:
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Sita = Un x Itna x V3

where Uy is the rated line-to-line voltage at the IPC "a".

Note that /7y is the rated current of the feeding section of the part A of the installation. Itya
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) Sg¢,,
ed at the IPC "o". This is the responsibility of those in charge of internal power

defin
distri

B.2.3

Rg i3
pows

The
indic

NOTE

defingls the relative short-circuit power (Rgg) as the "ratio of the short-circuit power of the source

funday
netwo
Howe
of the

NOTE
the po

NOTE
currer
point

NOTE|
expre
to the
intern

NOTE|
A con
part B
differg

bution.

.0 ohort-circuit current ratio or the source In the installation

the ratio of the short-circuit power of the source at a defined PC to the rate@.app

Rgia = Ssca/SiTA = Isca/ITNA

btes which PC is at the origin of this part.

1 +5350fHEC60146-1+-1{1991)and-3-69-of HEC 62103 (2003)\Slbclause 3.9.9 of IEC 60146-1-

hental rated apparent power on the line side of the-convertor{s)(Converters. It refers to a given point
k, for specified operating conditions and specified networks configuration.". This is the same co
er, Rg, is referring to the rated apparent power of the total{load downstream of the point of coupling if
fundamental apparent power of a defined load (the convetter) downstream of the point of coupling.

2 This definition can be applied to the totality of the_installation. In this case, the point of coupling (
int of common coupling (PCC), and I7ya corresponds to the agreed power.

3 This definition can also be applied to apart of an installation of rated current Itya. The shortS
t ratio of the source in the installation Rg, is\€xpressed as the ratio of the short-circuit current at the ir
f coupling (IPCa) of the part of the installation to its rated current.

4 By extension, this definition cam also be applied to a part of an equipment of rated current I7y;.
sed as the ratio of the short-circtit-current available at the internal considered point (delivered by the s
rated current of part of the equipment supplied. This extension is strictly dedicated for consideraf
bl constraints of equipment.

5 In Figure B.2, the installation shows a part A with a short-circuit current ratio of the source Rgj5. TH
ains part B, part B has'a short-circuit current ratio of the source Rg g, part A also contains a part C, et
contains in turngsa part B1, a part B2, etc. This partition allows an analysis and the assessment

nt short-circuit eurrent ratios of the source at the different possible points of coupling.

arent

r of the installation, or of a part of the installation, supplied from this PC (se& Figurg B.2):

subscript "A" indicates the considered part of the installationyand the subscript "a"
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Impedance of PCC
the
LY

connection
IPCa @ 1
L S, *

B.2.3.

Rge 14

of th¢ equipment (see-tEC-61000-3-4-orfuture IEC 67000-3-12):

NOTE
equip
is Isc,

This
defin
netw

jng the condition,of connection of a piece of equipment to the low voltage public s

£
Rgia é Part A
L
IPCy et

iPCp @ 2y
£ I T ]
TSIB R
sic
Part B etc. ;] IIP08
Part B1 ‘]

Equipment e

Part B2

IEC

Figure B.2 - PCC, IPC, installation current ratio and Rg,

7 Short-circuit ratio

the ratio of the short-circuit power of the source-at.the PCC to the rated apparent p

Rsc = Ssc/Sne = Isc/liNe

1 With the example of Figure B.3, it can_be“expressed as a function of the relevant Rg;. The pi
hent (e) is fed from a bus bar (IPCj;), with a-point of common coupling (PCC) at which the short-circuit g
and draws a rated current /| yo. Applying\thre above definitions gives:

Rsie = Sscs/Sire = Isgslline = (Uscs/Isc) X (Isc/line) = (Sscs/Ssc) X (Rsce)
or Rsce = (Ssc/Sscs ) X Rgie

definition is suitable, in the application of 1EC-64000-3-4—orfuture IEC 61000-3-1]

Drk.

ower

pce of
urrent

P, for
upply
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T

IPCa @ T

R

1

Part B2 | .

etc.

IPCS

Equipment e
Rsc

IEC

Figure B.3 — PCC, IPC, installation current ratio and Rg¢

NOTE| 2 Clause A.2 of IEC TR 61000-2-6:1995 gives another definition of Rgc for rectifiers referring to t
current.

B.2.3.8 Non-distorting PDS

he DC |

A POS complying with the limits of IEC 61000-3-2;" or with the limits for Rgcg = 33 in Taple 2

of-stgge1-of the-technical repert HEC61000-3=4 IEC 61000-3-12:2011 can be labelled: '

distorting PDS". The use of such a PDS is allowed without any restriction.

B.3 | Application of harmonic emission standards

B.3.1 General

In th¢ theoretical study of power converters and their use, converters have been modelle
sour¢es of harmonic currents. Some new converters of voltage source type (using fd
commutation and PWM)control) are better described as harmonic voltage sources, ther
they pre connectedtojthe PC (which is also a voltage source) through an impedance (res
which converts them into harmonic current sources.

Howgver, this“common model is not suitable when the internal harmonic impedance o
converter is*low compared to that of the network. As a simple example, consider the casq

Non-

bd as
rced
efore
ctor)

: rectlﬂer and capaC|t|ve f|Iter|ng, in WhICh both the AC and DC S|des are W|thou

the harmonic voltage

A minimum knowledge of the system is necessary for establishing a model of the harmonic

sources. The harmonic current source model is often suitable for most converters

and

harmonic orders up to 25. However, this model should be revised for frequencies above the
harmonic order 40, where harmonic voltage source models are generally more convenient.
Special care should be taken to define the appropriate model in the medium range between

harmonic order 25 and 40.

Different models have already been given to define the order and the amplitude of the
different harmonic components for different types of converters. A summary of these
publications is given in IEC TR 61000-2-6:1995, Clause A.1, and in IEC 61800-1:1997,

Annex BorlEC84800-2 _AnnexB, which include information from IEC TR 60146-1-2.
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Such an analysis is not repeated here.

A PDS is often a harmonic current source which contributes to harmonic voltages. The
harmonic voltages-have-to should be compared to compatibility levels from IEC 61000-2-2 or
IEC 61000-2-4. The influence of operating and installation conditions should also be
considered. This is pointed out in IEC TR 61000-2-6, which also gives methods for summation
of harmonics. Naturally, this has consequences on the appropriate mitigation methods (see
Annex C) and on practical rules for connection of a PDS (see Clause B.4).

Industrial practice, with PDSs of category C4, establishes optimal solutions from both the
technical and economical points of view. These include adapted mitigation methods, for
exanyple, the use of defined phase shifting transformers applied to different PDSs.

Filtening each PDS individually can cause a severe risk of multiple resonance,frequericies.
Addifionally, because the harmonic impedance and the existing voltage Idistortion are
genefally unknown and unstable, the rating of the filter is particularly difficult to define.
Thergfore, a global approach to filtering of the whole installation shouldybe” used. Sugh an
apprach is developed in IEEE Std 519T™.,

B.3.2 Public networks
B.3.4.1 General conditions

For Ipw voltage PDSs of rated input current exceeding 16(Avand up to and including 75 p per
phasge,—thefuture IEC 61000-3-12 specifies the limitatieon of harmonic currents injected into
the public supply system. The limits given in—the )future IEC 61000-3-12 are primarily
applifable to electrical and electronic equipment intended to be connected to public|low-
voltage AC distribution systems.

When a PDS is equipment within the scope«of-the-future IEC 61000-3-12, the requirements of
that $tandard apply. However, when onefor more PDSs are included in equipment withih the
scopg of-the-future IEC 61000-3-12, the“requirements of that standard apply to the complete
equipment and not to the individual RDS.

The fest set-up for direct measurement or for validation of a computer simulation for PDSs
withip the scope of tEC614000-3-4—orof thefuture |IEC 61000-3-12 consists of a voltage
sour¢e and measuring equipment as described in-the-future 1EC-61000-3-12 |IEC 61000-4-7. If
a syrichronous machinetis 'used as an independent source for the test, it should be noted that
its hgrmonic impedanee is determined by the negative sequence impedance, not by the ghort
circult current.

NOTE|1 If the(PDS includes a phase shift transformer, the point of measurement is on the primary side.

Meagurements are performed under steady state conditions. Power overload conditions
(affegting torque at full speed) are quite exceptional applications, and if any, are suffic1ently
limitedin time not to be considered.

The emission level may be assessed either by direct measurement or by a validated
simulation under the conditions defined in—thefuture IEC 61000-3-12.-An—ocverview—of the

\ - = A% 4 ARG i

The following two operating conditions are defined to cover the different types of PDSs:

e rated input current at base speed in motoring mode (voltage source inverter);
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e rated torque at 66 % of base speed in motoring mode (thyristor DC drive or current source
inverter).

NOTE 2 |EC 61800-1 and IEC 61800-2 define base speed as the lowest speed at which the motor is capable of
delivering maximum output power. In the case of a voltage source inverter, this is often the same speed as if the
motor was fed directly from the mains supply.

For equipment neither covered by IEC 61000-3-2 nor by—thefuture IEC 61000-3-12 (for

example rated current above 75 A), recommendations are given—in—the—technicalreport
IEC61000-3-4-and in Clause B.4.

NOTE 3 Harmonics of the different electrical components of the equipment can be summed using the more exact
analyi Cdl Pllybibdl IdW buildl)le Lo e natdre Or vie Fuo afta to e ndidre Or e otrier COMpOoOnerits (see b.o. )

B.3.4.2 Assessment by simulation

The $imulation assessment of individual harmonic emission of a PDS should follow the basic
rules|summarised in Figure B.4. Characterisation of the PDS and of the voltage source is the
starting stage.
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Harmonic emission

assessment
Defme the PDS Define the voltage source
type of converter Characterise gN volltage |§ve| —
- voltage and current ——— | thevoltage source |¢—| " : voltage distortion leve
ratings and the PDS T : voltage unbalance
- R Z(h) : source impedance
SCemin B
SCe
. Define the model for simulation

considering the PDS and the voltage source characteristic

Testforvalidation of the model
Simulation For’arproduct range (same type of equipment):
ohe'product at or near each end of the range|

Comparison of results
within the tolerance

NO

JThe model is validated

for the PDSs of the type
at any rating in the range

Proceed to simulation
for defining harmonic emission
with the source under ideal conditions
at nominal voltage, without distortion, unbalance, and

Z(h) =2nhFq x L

IEC

Figure B.4 — Assessment of the harmonic emission of a PDS

In the case of high power or medium voltage equipment, the validation of the simulation may
be a more complex process than the process described here.

B.3.2.3 Load conditions for assessment by test
B.3.2.3.1 General
When the harmomc emission of a PDS is measured |nd|V|duaIIy Madeenqus%eermﬂg

8—3—2—3449—873—2—4 the characterlsatlon of the voltage source and the PDS is performed as in
B.3.2.2. For equipment with rated input current above 16 A and up to 75 A, IEC 61000-3-12
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requires the Rgcgmin during the test to be at least 1,6 times the Rgog which is referenced for
compliance declaration. The load conditions are set as follows:

e 100% rated input current or less, maximising THC;
e motoring operation;

o steady state.

Harmonic emission
type test
or test for validation of simulatio

. Define the voltage source
Define the PDS . U, :voltage level
- type of converter Characterise UN : voltage distortion level
- voltage and current » the voltage source o A
ratings and the PDS r  :voltage unbalance
g Z(h) : source ifMpedance
- RSCe min RSCe
Type of PDS
y v

Diode input converter
(or thyristors used as diodes)
Thyristor input converter

Self commutated
input converter

For rated current < 75 A inputat 100%4, r.m.s.
mputat—t00% i rmrs: Or less maximising 7HC
steady state motoring mode
For rated current >.75 A steady state

input at 100% 1, r.m.s.
or less maximising THC
motoring mode
steady state

Mechanical Electrical Mechanical Electrical

loaded loaded resistor
motor motor at output of the d.c.link
or
back to back setting
Current source Type of Voltage source (ustng }he inp‘it and
Converter etitptit-converters)
short circuit resistor at output of the d.c. link
or reactor or

at output of the d.c.link resistor and inductor

(maximising THC) at the output of the converter EC 934/04
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Figure B.5 illustrates the test set-up with a mechanical load. Figure B.6 and Figure B.7
illustrate the electrical possibilities when a mechanical load is not available.

Supply
network

PDS under test

Current probe .
P O Converter Motor Mechanic
T load

al

Transformer

f
a

B.3.2

PDS
funct
manu
by a

The

[O)

q

J

—~

e at

For n
be re

Su
net

Current probe

N ( g § ) P A Converter (YY\_:
G/

Electrical |

r voltage adaptation
d/or Rgc, adaptation

Test equipment

Figure B.5 — Test set-up with mechanical load

3.2 Diode input rectifier

with diode input rectifier (or thyristor rectifier, the thyristors being used as diodes W
on of contactor) may be tested at 100 % rated input RMS current as defined b
facturer’s specification. The necessary load to obtain the input current may be pro
motor defined by the manufacturer and a mechanical load for steady state operation

the output of the converter, the electrical load should consist of a reactor and a rej
ee Figure B.6);

the output of the DC link, the*electrical load should consist of a resistor (see Figure

ated input currents equalito or greater than 75 A, the rated input current condition
placed by the condition~maximising the THC.

ply
ork

PDS under test

IEC

ith a
y the
ided

oaded motor may be replaced by an electrical load which is connected either at the
outpdit of the converter, or at the output of the.BC link:

sistor

B.7).

may

[ —

bad

Trana

Test equipment

Figure B.6 — Test set-up with electrical load replacing the loaded motor

Fransformer |cp=auing
for voltage adaptation
and/or Ry, adaptation

the loaded motor

IEC
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Supply
network

PDS under test

Current probe Input
© converter
and d.c. link

Transformer filter
for voltage adaptation
and/or Ry, adaptation

Etectricattpad
replacing the output convefter
and the loaded, mqtor

Test equipment

IEC

Figure B.7 — Test set-up with resistive load

B.3.4.3.3 Line commutated input converter

PDS [with a line commutated input converter (thyristor converter) is tested at rated RMS |input
currgnt as defined by the manufacturer's specification, or less for maximising THC. No tept for
regemerating conditions is required. The necessarydoad to obtain the corresponding [input
currgnt may be provided by a motor defined by the/manufacturer and a mechanical logdd for
steady state operation.

In th¢ case of a current source converter, the\loaded motor may be replaced by an inducfor at
the output of the DC link (instead of the motor). In the case of a voltage source convertel, the
loadgd motor may be replaced by a resistor at the output of the DC link (see Figure B.7).

NOTE| Conditions producing maximum THE are close to the conditions producing the maximum value of pgak-to-
peak fipple current, in the DC link at théoutput of the input converter.

B.3.3.3.4 Self-commutated input converter

PDS|with self-commutated input converter is tested at rated RMS input current as defingd by
the manufacturer's ~specification, or less for maximising THC. No test for regenerating
condjtions is required. The necessary load to obtain the corresponding input current may be
provided by a _notor defined by the manufacturer and a mechanical load for steady [state
operation.

The loaded motor may be replaced by a resistor at the output of the DC link. A back to|back
setting\for loading is also possible; in such a case, it is obvious that only the current gf the
input converter is measured.

B.3.2.4 Representative maximum of THC

It is not always necessary to operate at the rated input current to comply with the requirement
of maximising the current THC (total harmonic content in current).

NOTE |In this document, THC is the total harmonic content (see B.2.2.8) which is consistent with
IEC 60050-551:2001, 551-20-12. In IEC 61000-3-12, THC represents the total harmonic current which can be
considered as an abbreviation of total harmonic content in current.

For certain types of converters (for example current source), the ripple current in the DC link
depends on the speed of the motor. Worst conditions are obtained at zero speed, which is
equivalent to the loaded motor replaced by an inductor at the output of the DC link. This case
is generally not representative of normal operation of the PDS.
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For a PDS of rated input current equal to or above 75 A, two operating conditions are required
in order to assess the harmonic emissions of the different types of PDS:

e rated input current at base speed in motoring mode (voltage source inverter);

e rated motor current at 66 % of base speed in motoring mode (thyristor DC drive or current
source inverter).

For other types of PDS, where it is not obvious which of the above conditions is the worst
case, both of these conditions should be assessed. In both cases harmonic currents should
be assessed as a percentage of the rated fundamental input current. The case with the higher
value of THC should be considered as the worst case.

When these two conditions cannot be assessed (by test or by validated simulation), or for low
voltage PDS of rated input current less than 75 A, as an alternative, it is admitted te/verifly the
maximum THC condition by means of the following simplified method. The current may bge set
below the rated input current, provided it produces the maximum absolute ripple current in the
DC 1nk. The condition can be checked by verifying the waveform of -thes current af the
appropriate location on the DC link.

Conditions providing a representative maximum of THC are also met-with electrical loadls by
adjugtment of the mean value of the current in the DC link. They miay be taken to specifly the
load ponditions of the test for validation of a simulation.

The DR (individual distortion ratio, see B.2.2.11) measured under those conditions proyides
an oyerestimation of the most significant harmonic components of the current. They alsol may
be taken as result of the test when the rated currentcannot be achieved, and when simulation
is not used.

B.3.3 Summation methods for harmonies’in an installation — Practical rules
B.3.3.1 Principle

Harmonic emissions from the different’components are summed in the most appropriate (way.
The ¢hosen method of summation“ean be a fast but conservative approximation. When more
precision is required, the appropriate summation law may be chosen, according to the ngature
and structure of the converters of the PDSs. The result is referenced to the rated fundamfental
curreint of the apparatus or of the system (agreed internal power).

B.3.3.2 Simple arithmetic summation of harmonic currents

In th|s approachj:harmonic currents are summed arithmetically (this approach is simplg¢ but
often| highly conservative). Calculation of the individual distortion ratio /DR (for each ordef), or
of the total:harmonic distortion THD, is performed for three-phase components, usinJ;

following(eguation applied to all distorting components (pieces of equipment) belonging o an
installation or to a part of an installation.

HD is the generic symbol for IDR or THD. The subscript "eq" indicates that this value is
attached to a particular piece of equipment in the system. The subscript "IT" indicates that the
example is related to a part of an installation, however the same applies to the whole
installation (using subscript "ST").

HD = ZHDeqX_
eq T

In the equation HDg, is referenced to the rated fundamental current of the component (piece
of equipment), and HD is referenced to the rated fundamental current of the part of the
installation (agreed internal power).
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Single-phase components are taken into account by means of an unbalance penalty
coefficient:

e for single-phase loads, phase-to-phase, the coefficient is V3:

S
ﬁ[HDeq ’ Seq]

IT

o for single-phase loads, phase-to-neutral, the coefficient is 3:

3/ = See)
X
L Sy J

The penalty coefficient is applied to those terms related to the loads in excess which create
the unbalance condition.

Example: S;t = 150 kVA

Piece [of distorting equipment N°1: Seq = 25 kVA with HD = 65 % , related to,its'rated current;
HDgqq = 65 x (25/150)% = 10,8 % (Telated to Ityy (or Si7 ).
Piece [of distorting equipment N°2: Seq = 10 kVA with HD = 10 %¢, related to its rated current;
HDgqp = 10 x (10/150) %<=,0,7 % , related to Ityq (or St ).
Piece [of distorting equipment N°3: Seq = 1 kVA with HDZ/85 % , related to its rated current,

but single-phase\(phase-to-phase), equivalent to 1,73 times its rafing as
balanced load; with harmonics multiple of three (to be considered)

HDgq3 = 85 (1,0/150) x 1,73 = 1,0 % related to I1y4 (Or Si7).
For the system HD = (10,8 + 0,7 + 1,0) % = 12,5% with X So4/S;t = (25 + 10 + 1)/150 = 0,240

The calculation should be performed for each’harmonic order and for THD.

B.3.3.3 Pseudo-quadratic:(variable exponent) summation law

The $ummation of harmonic-currents can be made with a more representative law:

e clrrent known to-be in phase (for example diode rectifier), arithmetic summation of [each

ofder
Iy = Zj Ipi
e rgnddm)phase relationship between currents, exponent and summation of each order

1
T

Iy = Zlhia ’
i

where
o=1forh<5;
a=1,4for5<h<10;
o =2for10 < A.

The above formulae can be applied to individual harmonic orders and also to THD.
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This method gives an assessment of harmonic current emissions from the system. The result
is referenced to the rated fundamental current of the system (agreed internal power) and may
be used to show compliance with IEC 61000-3-2 or—future IEC 61000-3-12—{(stage—1—or-2)}
according to the rating of the machine or of the system. It may even be used for assessment
of larger industrial systems or installations.

Typical environments where this approach applies are equipment for light industry with
"agreed power" between 30 kVA and 100 kVA, or installation for light industry with "agreed
power" between 100 kVA and 300 kVA.

B.3.3.4 Approach for industrial networks based on calculation and/or measurements

If coerIiance with harmonic emission limits cannot be proved by the above approximations, a
morel accurate assessment of harmonic emissions should be used. This concerns-the|total
currgnt demand of the installation.

The fotal harmonic current produced by the installation, including the lpad“to be installed,
should be established by calculation or measurement. The actual phase relationships
betwgen harmonic producing loads should be taken into account so.that cancellation effects
are nlot ignored.

Typigal environments where this approach applies are light, ‘industry with "agreed paower
highgr than 100 kVA or industry.

B.4 | Installation rules — Assessment of harmonic compatibility

B.4.1 Low power industrial three-phase system

B.4.1 is intended to provide guidance for the.'use of PDSs for their incorporation in products,
apparatus or more generally in systems.sApplying harmonic limits to each PDS can resjlt in
an upeconomic solution and/or in a teehnical nonsense. It is often better to apply a dlobal
apprach to filtering of the whole installation. This requires a summation of the harmonic
currents produced within an installation.

The procedure for the assessment of harmonic emissions is summarised in Figure B.8.

As sfated in 6.2.3.1 and 6.2.3.2, IEC 61000-3-2 and—the—future IEC 61000-3-12 apply to
apparatus comprising-PDSs that are directly connected to a PCC in a public low-voltage
netwprk. Checking. of compliance is performed by comparing, with tables in the appropriate
referenced standard, the levels of individual-distertion—ratio DR {foreach—order)—anditotal
harmpenic—distortion{(FHD}) harmonic currents and total harmonic current (THC) producgd by
the slystemror apparatus.

For RDSs which are not covered by these publications, the following procedure can be Jused
as a guide. The usual approach is to apply limits of harmonic current to the complete
installation. The assessment of the total harmonic emission is performed with appropriate
summation laws, according to the required approximation (see B.3.3). Simplified methods and
criteria are possible when the agreed power is within a medium range (for example between
100 kVA and 300 kVA), as suggested in Figure B.8, or according to local rules. It is in the
responsibility of the user to meet the adequate limits at the PCC.
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A ment of Note: all harmonic references
ssessment o Start are made to currents

harmonic emission

PDS to be ignored

PDS can be used
in an apparatus
or in a system
under the following
conditions

I ,iNot in scope Typical environment:

PDS can be used
without any restriction

residential and
commercial offices

Assessment of harmonic emission

of the system using the PDS

Low voltage public network Industrial network
v
# 100 kVA < agreed power < 300 KVA
Agreed power < 100 kVA l
v
Reference = rated current Reference = rated current
of the apparatus or system of the total installation
(rated power of the system) (agreed power or internal agreed power)
Summation of harmonic contents Summation of

- arithmetic sum according to B.3.3.2; or harmonic contents
- arithmetic or pseudo-quadratic sum, variable

- pseudo-quadratic sum according to(B!3.3.3; or exponent summation law
. ) ) (function of known phase relationship).
- vectorlgl summation as accurate as possible According t0B.3.3.3
according to B.3.3.4. - vectorial summation, as accurate as possible

for each order of the harmonic content of every load
of the system, and/or measurement.
According to B.3.3.4

Typical environment:

: . ) commercial offices
Typicaléenvironment: and light industry

Check compliance with IEC 61000-3-12
THD < 10,0 %

?ﬁ;’ggﬁ;'ﬂﬂgﬁs agreed power between 100 kVA
a6k YA

Typical environment:
industry with agreed power
above 100 kVA (and MV systems) ¢

Check compliance with Table B.2 depending on the value of Rs

IEC

Figure B.8 — Assessment of harmonic emission where PDS is used
(apparatus, systems or installations)


https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

-92 - IEC 61800-3:2017 RLV © IEC 2017

B.4.2 Large industrial system
B.4.2.1 Principles

B.4.2 is intended to provide guidance for the use of PDSs for their incorporation in systems.
Applying harmonic limits to each PDS can result in an uneconomic solution and/or in a
technical nonsense. It is often better to apply a global approach to filtering of the whole
installation. This requires a summation of the harmonic currents produced within an
installation.

The procedure for the assessment of harmonic emissions is summarised in Figure B.8.

IEC TR 61000-3-6 should be applied directly for installations supplied by a medium voltage
powdr supply network, which is the case for large PDSs and particularly those of rated”voftage
above 1 000 V AC.

It is Jusual to separate the installation into different parts according to-natural decoupling
devides (e.g. transformers). The separation should result from the analysis of the comfplete
netwprk, taking possible resonances into account (see Figure B.2).

The |ocation of required filters should be carefully established,.but it is evident that filtering
each|PDS is not practicable.

The lsual approach is to apply limits of harmonic current)to the complete installation, jor to
parts| of the installation as seen above. In critical cases,@ more detailed analysis involving the
exist{ng level of voltage harmonic distortion is used.

B.4.4.2 Current distortion determination method for complete installation

In thjs approach, harmonic current limits "are applied to the whole installation. Limits are
applied both to individual distortion ratios-(/DR) for individual orders and to THD.

The harmonic currents of the totallinstallation should be in accordance with the follgwing
Tablg B.2 at the defined point oftcoupling. See definition of Rg, in B.2.3.6. The PDS supplier
and ¢ustomer should agree on.the point of coupling (PCC or IPC) and on the applicatiophs of
otherl emission limits coming from local regulations. The point of coupling should be an
identjfied bus bar.

NOTE| From the definition of Rg,, dedicated to a defined bus bar, it is clear that all loads fed from this bys bar
contribute to the definition of the corresponding current (/1) to be taken into account for calculation of hagmonic
emiss|on.

In th¢ USANEEE Std 519 applies this approach at all voltage levels for electricity distribjution
netwprks( Table B.2 gives an example of practical limits already experienced in North Amlerica.

Harmonic currenis are expressed as percentages of the total current corresponding to the
internal agreed power of the AC supply of the total installation (IDR). In the case of a PCC,
the load current is defined by the “agreed power”, as agreed between the user and the utility.
In the case of an IPC, the rated fundamental load current is equal to the rated load current of
the feeder to the IPC. See subclauses B.2.3.5 and B.2.3.6.
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Table B.2 — Harmonic current emission requirements
relative to the total current of the agreed power at the PCC or IPC

Individual distortion ratio /DR
RSI h<11 11 <h<17 17 <h <23 23 <h<35 35<h<40 TDR
Rg <20 4 % 2% 1,5 % 0,6 % 0,3 % 5%
20 < Rg < 50 7% 3,5 % 25 % 1% 0,5 % 8 %
50 < Rg, < 100 10 % 4,5 % 4 % 1,5 % 0,7 % 12 %
100 < Rg, < 1000 12 % 55% 5% 2% 1% 15 %
1000]< Rg, 15 % 7% 6 % 25 % 1,4 % 20 %

For s

Even|harmonics are limited to 25 % of the odd harmonics.

lystems with a pulse number (= ¢) higher than 6, the limits for each individual harmonic arelincreased hy the
factof 4/¢q/6 . This corresponds for a 12 pulse system to \/E The THD limit remains unchangéd:

B.4.3.3 Case by case analysis

As an alternative, a complete analysis of the system can be, conducted, and should be
condpcted in critical cases. The results of the analysis can.thenh be used to correctly define
the total filtering, or other mitigation methods.

The following procedure should be adopted:

—

He operator of the distribution network — public or private);

the responsibility of the user if IPG'Z internal point of coupling); IEC TR 61000-2-6:
Clause A.2, gives information on-the harmonic impedance encountered in networks;

into the system (at the responsibility of the manufacturer);

calculate harmonic voltages that can result from this (at the responsibility of the user)

NOTE| All the rules and niethods listed in IEC TR 61000-3-6, although defined for medium voltage (from 1

to andg

their Ipw voltage parts.

In th¢ case ofia PCC, the resulting harmonic voltages should not exceed the planning |

defin

the cpmpatjbility levels.

Com

apsess the existing level of harmonic voltage distortion at the PCC (at the responsibiljty of

calculate or measure the harmonic ximpedance of the supply at the PC (af the
reésponsibility of the operator of the distribution network — public or private if PCC 4 and

995,

calculate or measure harmonic currents that the PDS to be connected is going to |nject

kV up

including 35 kV)©r_ high voltage (> 35 kV) public networks, are applicable to industrial networks, induding

bvels

ed by_the-utility. In the case of an IPC, the resulting harmonic voltages should not exceed

patibility Tevels Tor harmonic voltages are defined by IEC 61000-2-2 on Tow voltage public

systems, by IEC 61000-2-12 on medium voltage public systems and by IEC 61000-2-4 on
private industrial systems.

At the PC an available nominal power (called agreed internal power) can be defined. In the
case of a PCC this is the “agreed power” (see B.2.3.4 and B.2.3.5). A disturbance allowance
can be allocated to the PDS to be connected. The reasonable solution consists of defining
this disturbance allowance proportional to the ratio of the PDS's rated power to the agreed
internal power at the PC, and proportional to compatibility levels defined by standards quoted
in B.4.2.3.
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B.4.2.4 Telephone interference

In North America and Finland, the parallel construction of energy distribution and telephone
lines has led to the introduction of T/F (telephone interference factor). IEEE 519-{1992})-2014,
Annex B, presents the result of a weighting of the various harmonics.

The equivalent psophometric current is defined as Io =1 < TIF,

and the local recommended practices require that Iy < Ipp

B.4.3 Interharmonics and voltages or currents at higher frequencies

In thlis frequency range, above harmonic order 40 and up to 9 kHz, the."PDS should be
cons|dered as a voltage source emitter. There are no emission requirements for PDSs| until
compatibility levels will be standardised.

Howegver, application of certain types of PDSs can require the consideration of the emissipn of
interarmonics or of currents or voltages at higher frequencies—(up to 9 kHz). This is mainly
the dase for high power PDSs such as cyclo-converters or.cufrent source inverters. Thig can
also pe the case for active front-end converters where the_ PWM switching is directly coupled
to the¢ network.

Interharmonics at frequencies slightly different from the fundamental or from predomjinant
harmionics can also cause voltage fluctuations (see B.6.2). They result from beat frequepcies
whiclh can be seen on non-linear systems stich as lighting (function of the square of the
voltape). The non-linear response of the disturbed equipment causes the sum and difference
of the different harmonic or interharmonic frequencies to appear. The difference frequency
can be in the range that causes flicker>The main origin is cyclo-converters or current sgurce
inverters. This case is covered by compatibility levels given in IEC 61000-2-4.

Interd
S

e

I F+100Hz
o= V2
Vin V 200Hz
F-100Hz

where

¥ —is-theratedrm-s—valueof- thefundamental-components
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B.5 Voltage unbalance

B.5.1 Origin

Voltage unbalance on a three-phase system is generally caused by unequal loading on two of

the t =
amoynt of the single-phase load as a percentage of the rating, and to the impedance\d

nly a single-phase load connected between two phases. If the load is_a ‘signi
ntage of the kVA rating of the transformer, the output voltages (phase tomeutral) d
two phases connected to the load will be reduced while the third winding witheut any loa
remalin the same.

SignIicant unbalance on transformers will cause excessive heating. @he manufacturer should

be consulted to determine if the transformer is capable of supplying single-phase loads
are d significant percentage of its rated kVA capacity.

Othel three-phase loads connected to an unbalanced three-phase source of powe
genefally affected in a detrimental manner. As an example, the unbalance will cau

torgue output at rated current or cause excessivelh€ating at rated output of the motq
somg motors, an unbalance of 3 % can resultiin a 10 % derating of their output.

the
f the

maing supply. As an example, consider a three-phase transformer with a defined reguITtion,

icant
f the
0 will

that

are
se a

revere sequence current to flow in a three-phasesinduction motor, which will reducg¢ the

r. In
f an

unbajance condition exists on the mains supplying a three-phase motor, it is important to

conslt the motor manufacturer to determine thie proper derating for safe operation.

B.5.2 Definition and assessment
B.5.4.1 Definition

Voltage unbalance is defined.lin IEC 61000-2-2, IEC 61000-2-4 or IEC 61000-2-12. §
methpds of calculation are dgiven below.

bome

In a|polyphase system,\Vvoltage unbalance is a condition in which the RMS values of the

fundamental component of the line-to-line voltages, or the phase angle between consecd
phasgs, are not allequal. For the purposes of this document, the degree of that inequa
exprg¢ssed as(the ratio of the negative sequence component to the positive sequ
component.

utive
ity is
ence

In someé-cifcumstances, the zero-sequence component should be included in the assessr’nent

of VO.*an unbalance

B.5.2.2 Complete analysis

The accurate definition relates to symmetrical component analysis of the three-phase system.

This type of analysis is based on the concept that any phase voltage deviation from the

ideal

three-phase system can be described by the addition of three vectors. They are called the

zero, positive and negative sequence vectors and are defined as follows.
Un = Upo + Upq + Upo phase A voltage

Upng = (Up + Ug + Up)I3 zero sequence component

Upy = (Up +a Ug +a? Ug)/3  positive sequence component
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Upp = (Up + a?2 Ug +a Ug)I3  negative sequence component

where U, , Ug , and U are the phase voltage vectors and "¢" is the operator,
a=—(1/2) +; (N3/2).

The ratio of the negative sequence to the positive sequence voltage is the voltage unbalance.
This is as follows:

Example 1 Amplitudes and phase angles of line-to-neutral voltages are known allowing the line-to-line voltages
and thie corresponding phase angles to be calculated.

any—=23100and—0,0° Lgy=220.00and —1251° iy =21500and -109,8°

Uan = 231,00 and 0,0°, Ugn = 220,00 and -125,1°, Ucn = 215,00 and  109,8°

Upg = 400,26 and 26,7°, Ugc = 386,03 and —98,0°; Uca = 365,01 and  146,3°
resulting in  zero sequence Up = 12,91 and 35,2°,

positive sequence Uy = 221,41 and —§,D%

negative sequence U, = 11,78 and 90y7°,

and vgltage unbalance: =100 ( 11,78/221,41) = 5,32 %/with a zero sequence component of 5,83 %.

Example 2 Amplitudes and phase angles of line-to-neutral voltages are known allowing the line-to-line voftages
and thie corresponding phase angles to be calculated:

EpN—230:00anrd—0;0°—Up\=280,00-and—135:0°— Uy =170;00-and—130;0°

Upan =.280,00 and 0,0°, Ugn = 280,00 and -135,0°, Ucn = 170,00 and 130,0°

Ugp S 471,57 and  24,8°, Ugc = 340,00 and -105,1°, Ucp = 363,41 and 159,0°
resulting in~ N\zero sequence Up = 34,26 and —138,7°,

positive sequence Uy = 223,09 and -3,7°,

negative sequence U, = 49,59 and 48,17,

and voltage unbalance: r = 100 ( 49,59/223,09 ) = 22,23 %, with a zero sequence component 15,36 %.
B.5.2.3 Approximate method

Three approximations are given below. The first one usually provides the best results, with an
error less than 5 % for any kind of unbalance for which the line-to-neutral voltages have
phase angles within a tolerance of +15°, and the amplitude within a tolerance of +20 %
compared to the corresponding ideal balanced system (positive sequence or negative
sequence).

Uy, Uys and Uz, are the three line-to-line voltages, with g = (Uij - Uaverage)/(3 X Uaverage) for
each of the three line-to-line voltages, and rthe voltage unbalance as the ratio of the negative
sequence voltage amplitude to the positive sequence voltage amplitude,
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s [gj % Umax —Unmin
Uaverage

provi

The
than

UAB;
Uavera

842

8qp =
The v

or (2/3
19,1/3

average_(gg EE ;é } = ’
| 432 % 8,,=0197-% —8,,=—1,620-%
bitage unbalance is [6(1,4322+0,1972+1,6202)1" > 53 o
ﬁmax‘yminwaverage;%%ﬁ%%%%léﬂ#wmwﬁw%%wm
=[231,00 Ugy = 220,00 and Ugy = 215,00
=1400,26 Ugc = 386,03 and Ugp = 365,01

des acceptable results (absolute error generally less than 1 %) for rup to 7 %.

ormula proposed by NEMA also gives acceptable results (absolute error generally

1 %) for T up to 10 % or where phase shifts are large:
MAX Uij - Uaverage
T~
U

average

le 1 As above:

e = (400,26 + 386,03 £ 365,01)/3 = 384,07 and without decimals  Uaygrage = (400 + 386 + 365)/3 = 38
433 % 8257= 0,197 % 841 = —1,629 %
ltage unbalan@edis [6 (1,4332 + 0,1972 + 1,6292)]'2 =53 %

Yl U

average

= (2/3) x (400 — 365)/383,7 = 6,1 %, or using the last approximation:

maxX.- U

) x(
83,7 /9,0 %.

min

less

2]

3,66
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Example 2 As above:
Lg—22o00 0 =00000  ond L =70 00

Hpp=4 +— g =340—and- -, =363

Upyorage=f472+340+363)/3 = 394.7

840-= 6,801 % g =—4397 % — §., =2 404 %

The voltage unbalance is [6(6,8012+ 4,3972+ 4,3972)]* = 20 7 %
Unn =[230,00 Ugy = 280,00 and Ugy = 170,00
Ung =[471,57 Ugc = 340 and Ugp = 363,41

U o = (471,57 + 340 + 363,41) / 3 = 391,66

avera
840 = 6,801 % 855 = —4,397 % 831 = 2,404 %
The véltage unbalance is [6 (6,8012 + 4,3972 + 4,397%)]"2 = 20,7 %

or (2/3 min) ! Uaverage =(2/3) x (472 — 340) / 391,7 = 22,4 %, or using, the last approximation:

) X (Upax
80,6/391,7 = 20,6 %.
B.5.3 Effect on PDSs

The gffect on the PDS will vary depending on the _type of power circuit and control mgthod
used| Each type of control and circuit should be analysed in detail. Generally, the effedt will
be small on controlled or uncontrolled converters that supply resistive loads. Phase contiolled
converters of the type that use phase shiftedJine voltage for their reference will be aff¢cted
less than converters that use a voltage ramp({synchronised to the line using zero crossings for
their reference. Controlled or uncontrolled:converters that supply capacitor banks, used ip the
DC lIpop of indirect converters (voltageZsource inverters), will have current unbalanceq that
are dignificantly larger than the voltage unbalance and larger than converters that supply an
indugtive load such as a DC motor:

Spedjial care should be takef with the design of converters that supply capacitor banks gince
the peak current is greatly magnified by the voltage unbalance. For very large capacitor hanks
where the ripple voltage\is small, the peak current from each phase is limited only by the
sour¢e impedance and Jany additional impedance in the PDS and the difference between the
capatgitor bank voltage and the line voltage. The ratio of peak currents between phaseg can
be a$ large as_20:% for 3 % voltage unbalance with a 1 % source impedance. Fortunately,
this |s an extieme condition since it is unlikely that single-phase loading could causg this
magnitude_ofunbalance with a 1 % source impedance.

B.6 L Voltage dips — Voltage fluctuations

B.6.1 Voltage dips

B.6.1.1 Definition

Perhaps the most common form of low-frequency disturbance is the voltage dip or a reduction
of voltage on one or all of the three phases. A voltage dip is a sudden reduction of the voltage
at a point in the electrical system, followed by voltage recovery after a short period of time,
from half a cycle to a few seconds. A voltage dip is generally caused by the clearing of faults
by the utility supplying the mains or by the starting of large motors in or near the user's
location. Surveys by different utilities in different countries have shown that voltage dips can
range from a time of half a cycle to 15 cycles or more at voltages outside the 10 % voltage
tolerance. The residual voltage (lowest value of the voltage during the dip) is now preferred to
the depth of the dip to characterise the magnitude (the depth is the difference between the
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reference voltage and the residual voltage). The residual voltage largely depends on the
relative location of the voltage source (generally a high voltage/medium voltage substation),
the event equivalent to a short circuit and the observation point. Comprehensive information
is available in [IEC TR 61000-2-8.

B.6.1.2 Effect on PDSs
B.6.1.2.1 Fundamentals

Voltage dips can have detrimental effects upon the performance of PDSs. When the supply
voltage is reduced, usually the power that can be transferred from the mains to the motor is
also redueed- ewever—some—PRBbS—eonverters—eompensate—for—vroltage—dips v tmited
¢s by changing control angles for input rectifiers. Also of concern, regengnative
converters that transfer mechanical power from the motor back to the mains may-encopnter
issugs with voltage dips.

The gffect of voltage dips on PDS should be considered according to the physical natyre of
the driven equipment. Moreover, the electronic control of the PDS and the'power conVerter
components-have-toe should be distinguished (see IEC TR 61000-2-8).

The ¢ontrol part could be immune, with performance criterion A, toycertain types of dips} and
this ¢ould be of no use unless it is consistent with the behayiour of the converter or df the
drivep equipment. The converter has no energy storage capability. The driven equipment
genefally has little energy storage capability, which can befused under certain conditions. To
claim] that a PDS is immune to voltage dips purely on the basis of the immunity of the cgntrol
part |would be misleading. The use of a specifi¢ 'Sequence in the control should be
documented to make it possible for the user to define the suitable adaptation to the driven
equipment.

B.6.1.2.2 Controlled converters

Contfolled converters, such as those _that are made up of thyristors, GTOs (gate turnn off
thyrigtor), or transistors, are generally-used to convert the AC mains to a variable DC voltage.
The [logic that is used to synchrénise the control of the power semiconductors is pften
designed to inhibit rectification when the mains voltage drops below a specific value. In gome
cases$, the control is shut offiuntil the user resets the logic or, in others, operation wjll be
resumed only if the voltage ‘returns within a specified amount of time. Normally, the PD§ will
not be able to control thesmotor during the dip interval and control could be lost until the [logic
is repet. If the process.'that the PDS is controlling is critical, discussions with the [PDS
manyfacturer should occur such that the reaction of the logic to the voltage dip is compatible
with the process _heeds. In some critical cases, it is necessary to apply additional measgures
(for gxample alternative power sources) to carry the process through severe voltage dips.

Durirlg voltage dips, the power available from the BDM/CDM and to the motor is reduced.| This
can pffect” operation depending on the motor operating points. Consider the case |of a
controlled G-thyristor bridge supplying power to a DC motor If the motor is running atl high
speed, a voltage dip can cause the peak line voltage to drop below the armature voltage. The
thyristors will be commutated off by the armature circuit and the current in the armature circuit
will be reduced. If on the other hand, a voltage dip occurs when the motor is running at low
speed, the control circuitry can advance the control point to compensate for the reduced
voltage. In this case, the control of the motor will not be affected. For critical loads, the effect
of a voltage dip should be discussed with the manufacturer of the PDS to determine how the
control circuitry will react.

Regenerative converters of the type that use the line voltage to commutate the thyristors in
the bridge are particularly sensitive to voltage dips. If the line voltage drops too low during
this reverse power flow, control of the power flow from the motor to the mains is lost since the
thyristors cannot be turned off. If the control circuitry does not react or if the dip is particularly
abrupt or occurs after a thyristor is turned on, the previously conducting thyristor cannot be
turned off and excessive uncontrolled currents can flow from the motor. These currents can
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result in potentially detrimental effects on the process or even damage to the motor. For
critical loads, the effect of voltage dips on regenerative converters should be discussed with
the manufacturer of the PDS to determine how the control and power circuits will react during
this interval. For critical loads, additional circuitry can be added to force-commutate the
thyristors or alternative power sources can be used to carry the PDS through the dips.

Regenerative converters of the type that are force commutated by some means can also be
affected by voltage dips. This is because the reduction in voltage during the dip can reduce
the amount of power that can be transferred from the load to the motor and to the mains. If
this condition exists, control of the motor can be lost during this interval.

B.6.1.2.3 Uncontrolled converters

Uncgntrolled converters such as diode bridges are not greatly affected by a voltage-dip with
the gdxception of the high inrush currents which can flow into the capacitor banks of voltage
sourge converters after the voltage reappears. However, their output power @nd voltage¢ are
redug¢ed during the voltage dip. This can cause detrimental effects on other.'parts of the PDS.
If, for example, the converter is supplying power to an inverter, the output voltage of the
inverfer will be limited and control of the AC motor will be lost.

Som¢ manufacturers also inhibit operation when the voltage feedifg the inverter drops helow
a spegcific value. Some designs also require that the logic be)reset before operation can
continue. Other designs will restart operation when the voltage returns, but control of the
motor is lost during the interval that the logic is inhibited. This interval can be extended by the
time [needed to synchronise the inverter control logic with the actual speed of the motor|after
control is lost.

The pynchronisation is needed to match the ouiput frequency of the inverter to the gctual
speef of the motor. The synchronisation process determines the appropriate frequency and
voltape that should be applied to the motorfor smooth transition from coasting to control.

PDSs of the type that would have a very-large capacitor bank could ride through short voltage
dips |because of the energy storedqin the capacitor bank. Generally, it is not economigal to
makg a capacitor bank large enough to operate through voltage dips. In the case of ctitical
loadg, a battery can be used (o supply power during the voltage dip. PDSs with adIthed

control can be able to continue operation during voltage interruption, provided the output
powdr is near zero. In all cases, the effects of voltage dips on the operation of the PDS should
be discussed with the manufacturer to determine if the PDS is compatible with process ngeds.

B.6.1.2.4 General protection types

It hap been shown that immunity to voltage dips is very dependent on the nature of the
converter and on the load behaviour. Absolute protection can be very expensive, and the
choide ofithe protection should be carefully compared with the process requirements.

Absolute protection requires a backup power supply. For example, this can be a UPS
(uninterruptible power system), external to the PDS, or a DC source (battery) supplying the
DC link of a voltage source inverter.

Ridethrough sequence is a technique which uses the possibilities of the command to avoid
transient overcurrent, but without backup energy. Therefore, the speed of a passive load will
necessarily decrease with a rate approximately given by the ratio of the load torque to the
inertia. For safety reasons, this kind of protection cannot be used with active loads (example
of hoisting during regeneration where mechanical braking is necessary).

Flying restart is the continuation of the ridethrough sequence which can be used in case of
passive loads with long or very long coast down times. This can also be a protection against
dips or short interruptions.
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Automatic restart always implies safety conditions, which are the responsibility of the user.

B.6.2

Voltage fluctuation

Interharmonics can cause flicker on lighting equipment, as explained in B.4.3, and compa-
tibility levels are given in IEC 61000-2-2, in IEC 61000-2-4, in IEC 61000-2-12 according to
the type of network. Interharmonic emission of a PDS should be limited in such a way that the
calculated interharmonic voltage at the IPC, due to a given PDS, does not exceed 80 % of the
voltage compatibility levels.

PDSs driving large loads such as punch presses, flying saws and machine tools will require

large]

voltape. The source impedance of the mains supplying these PDSs should be sized s9
the vpltage fluctuation does not exceed the 10 % tolerance.

Peak
devig

sizing this impedance. On the public network, the voltage fluctuation from” a single pie
ment is not supposed to exceed 3 %. If fluctuations are frequeft;-flicker limits-hape-te

equif
shou

6.2.4)).

B.7

loads that on average do not exceed the ratings of the supply system;'but will pro

d be applied to the public network and to any network which supplies a lighting load

Verification of immunity to low frequency disturbances

currents from the mains periodically. This will cause voltage fluctuations of the\mains

that

duce

tions of the supply voltage that exceed the tolerance should also be ¢onsidered Wwhen
ce of

(see

Accofding to 5.2.1, the immunity of the PDS to low ffequency phenomena may be verified by

calcd

Table B.3 — Verification plan for immunity to low frequency disturbances

lation, simulation or test. The manufacturer.can use the cells of Table B.3 to ide¢ntify
which verification method has been used for each*phenomenon.

Phenomena Calculation | Simulation Test Analysis Not applid

able

Harm

onics

Com

hutation notches

Volta

pe variations

Voltal

be changes

Volta

pe fluctuations

Voltal

pe dips

Volta

pe unbalance

Freq

ency variations

Supp

y influences — Magnetic fields
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This power is different from the total apparent power. In particular, the following relation
applies:

§* =P?+ Q%+ D?

where D (defined as distortion power) takes into account the power resulting from voltage and
current components with different ordinal numbers.

The sum of the squares of the reactive power O and the distortion power D gives the square
of the non active power N:

N? = Q2 + D?

This |power is defined as non-active because it is the difference between the,square df the
total ppparent power S and the square of the active power P:

NZZSZ_PZ

The {otal power factor 1 between the active power P and the total apparent power S seen|from
the network can be written as:

A_P
s

The power factor correction refers to this parameter.

The fotal displacement factor under distortedy¢conditions, cos¢, is an extension of the yisual
displacement factor under sinusoidal conditiofts, and is defined as:

P
cosqb—A

If thgre is no distortion in thexwaveforms of voltage and current, both displacement factors
coindide.

In orfer to express theyinfluence of the distortion power D, a distortion factor cosy cgn be
introdluced and defifed as:

C.1.3 Practical solutions

C.1.3.1 Common practice

It is well-known that to avoid overrating of the installation and an unnecessary increase of the
current flowing in the distribution network, it is necessary to work with a good power factor.
But practical use considered this power factor only from the reactive power point of view; in
fact, it has been seen here that harmonic content is also concerned.

It has usually been the case that an industrial installation consumes reactive power. Therefore,
it has also been usual to install a global compensation in order to reduce the displacement
factor and so reduce the installation's consumption of reactive power. In order to do that,
capacitors were installed whether close to the consumer of reactive power, or globally close
to the PCC. In some countries, utilities introduce taxes for that displacement factor,
particularly when the distribution network is heavily used.
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C.1.3.2 Evolution of common practice

Because power factor is of concern and because of increasing use of distorting loads,
harmonic compensation is also necessary. This harmonic compensation can be performed
globally with filtering of the complete installation or locally with filters close to the distorting
loads. It can also be better to use non-polluting loads.

From this introduction, it can be seen that two types of compensation are necessary:
displacement factor and current harmonic content. Two methods can be used for each of
these compensation types: a global approach for the total installation or a local approach for
each distorting load. Four cases can be seen, but none is independent so this problem-has-te
shoufdbediscussed i more detait:

C.1.4 Reactive power compensation
C.1.4.1 General compensation criteria

Powgr factor correction equipment is composed of capacitor banks connected to the plower
line by electromechanical or static contactors. The following covers phénomena relatdd by
use 9f capacitor banks connected by electromechanical contactors.

The gize of the capacitor bank to be installed is a function of (the active and reactive power
compgensation needed by the system, and also of their variation during the day (loadftime
characteristics). It is also a function of the pricing practice of the utility.

The gorrection is frequently defined with the mean Value of energy consumption (activg and
reactive) during the heavy duty times of the day, within a one month period.

NOTE| The concept of reactive energy used in Annex C/s defined by the time integral of the reactive power.
For rating, it is necessary to know the utility criteria:

>

cavy duty times in a day;

imits of reactive power ratio free“of charge (for example tan ¢);

. ser data such as load-time.eharacteristic.

C

It can be seen that caerrection of reactive power consumption cannot be constan{ nor
permlanent. A permaneht correction would actually lead to reactive power injection in the
supply network at certain times. The result would be an increase of the voltage in the yser's
installation which s not necessarily an advantage. Such a study is of concern for a comfplete
installation and-almost impossible for each PDS.

Another point is that capacitors can be installed either on the low-voltage side or on the
medilum-veltage side. Common practice shows that the installation on the MV side hds an
econpmical advantage, as soon as reactive power correction reaches 600 kvar. For lower
ratings the LV side should be preferred.

If power factor correction capacitors are to be installed in networks with harmonic current
sources, it is recommended that reactors should be added in series with the capacitors. This
is so that the resulting resonance frequencies are shifted below the lowest frequency of the
characteristic harmonics, normally the 5t (see C.1.4.4).

C.1.4.2 Application to low-voltage correction
C.1.4.21 Different solutions
According to local conditions, three types of correction can be defined:

e individual apparatus correction;
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e section correction;

e global correction.

.
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Figure C.1 — Reactive power compensation
C.1.4.2.2 Individual compensation — for motor directly ‘coupled to network

Indiv|dual compensation is particularly advisable when-a fixed speed motor rated higher
25 k\V exists and if it is to be run for the majority of wworking hours. This applies in particu
motofs driving high-inertia machines, such assfans. The operating switch of the 1
automatically connects or disconnects the capagitor. It is advisable to verify that there is
risk gf resonance.

Hlvantages: The reactive energy is produced directly at the point at which it is consu

a) A
A reduction in the reactive currentiload results along the whole length of the power s
c
r

bble. Individual compensation, thus makes the most important contribution to
duction of apparent power, and of voltage drops and losses in the conductors.

b) Disadvantages: The individual compensation is relatively costly, several small capa
being more expensive ‘than a single large capacitor bank. When the capacitors
cpnnected, they raise -the voltage of the plant network locally. It would thus

necessary to be ,able to disconnect them during periods of low load (and ther
increased voltage)-in the public network in order to reduce the voltage. Indeed, a
vpltage wouldventail the risk of placing excessive stress on the equipment, thus ca

prematurevageing. The capacitors should consequently be connected, if possib

than
ar to
hotor
not a

med.

ipply
the

titors
are
seem
efore
high
Ising
e, to
t the

the network*by means of their own switchgear. Another important disadvantage is thg

these factors significantly reduce the potential advantages to be gained from individual

proliferation of capacitors in an industrial network increases the risks of resonanc\T All

cpmpénsation.

C.1.4.23 Compensation by section

In the case of compensation by section, a single bank of capacitors, operated by means

of its

own switchgear, compensates a group of consumers of reactive energy located in a workshop

or in an area.

a) Advantages: The compensation by section requires less investment than individual

compensation. However, the load curves should be well-known in advance to enable
correct sizing of the batteries of capacitors and to avoid the risks of overcompensation
(when the reactive power supplied is greater than that required), which produces
permanent overvoltages, leading to premature ageing. The bank of capacitors have their
own switchgear, thus making it easy to disconnect them during periods of low loads on the
public network, even when the corresponding power consumers remain connected.
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b) Disadvantages: The power supply cables of the various power consumers-have-te should |
be sized to carry both the reactive and active currents. In addition, provision should be
made to protect the capacitors (for example fuses, circuit-breakers, etc.), and discharge
them for safety purposes (discharging resistors) during maintenance operations. The
fuses should also be regularly monitored.

C.1.4.24 Global compensation

In the case of global compensation, the production of reactive energy is concentrated at a
single point, most frequently in the substation, or in an area which is sufficiently large and
well-ventilated. In installations which have only small power consumers, it is generally
advisable adopt automatica ontrolled central compensation, again so a3 o _avoid
overgompensation. Whe

re the load curve shows little it is necessar mergly to

Advantages: The capacitors have a good utilisation factor, and the installatjon is easjer to
onitor. In addition, with automatic control by the capacitor bank, the lgad curve df the
plant can be followed effectively, while avoiding manual intervention (i.e: manual engaging
Td disengaging). This solution is potentially beneficial from an economic point of view if
the load variations are not attributable to specific power consumers:

b) Disadvantages: The installations downstream of the global 'eompensation conngction
cprry all of the reactive power.

C.14.3 Application to medium-voltage correction

Compensation is generally carried out on a centralised_basis. The capacitors are groupgd in
bankp in the medium-voltage substation. The banks ate)connected to the medium-voltage bus
via g circuit-breaker. Their power can reach several megavars (Mvar), and they can be
divided into smaller sections which are brought int0 operation successively in order to optain
optimum compensation as a function of the daily load curve. Each section is operated|by a
switch provided for this purpose as a functiomof daily load curve or on-line control.

dvantages: When the banks of capacitors have power levels greater than 600 kvaf, the
bst of medium voltage compeénsation is typically less than that of low-voltage
bmpensation.

hich is located downstream of the capacitors. Engaging the capacitor bank cquses
bltage transients. Operation requires more attention than with capacitors in the|low-

A

c

c

b) Disadvantages: This methodtof compensation provides no relief to the part of the nefwork
w

v

vpltage section.

C.1.44 Risks of nresonance

Riskg of resonance are due to the simultaneous presence in a network of capacitors for
compensating reactive power and sources of harmonic currents comprising static convefters.
A simplified=single-line diagram of a network, including a passive load R-L and a battdry of
capa itors-compensating the load on a global basis, is shown in Figure C.2.
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Mv
X
.
X
PCC- S,
Voltage U
A 4
N/ C
— EL I::I R
Harmonic

current source

IEC
Key
P active power of the passive load and losses
reactive power of the passive load
X, impedance of power supply network of short-circuit power S
Xi impedance of transformer of apparent power Sy (reactance xg)

PCC | point of common coupling on the secondary bus with short-circuit-power Sq4
R,L resistance and reactance corresponding to the active and reactive power P and Q of the load

Cc capacitor for compensating reactive energy of power Q.§nd

Figure C.2 — Simplified diagram of an industrial network

A
Network alone
L x (o3
Network with capacitors
S

IEC

Figure C.3 — Impedance versus frequency of the simplified network

Figure C.3 illustrates the changes of the harmonic impedance of the network at the PCC and
the risks of resonance associated with the presence of a source of harmonic currents. The
upstream impedances X, and X; contribute to a reduction in the short-circuit power available at
PCC from the value S, to the value S

sct-

Ssc1 = (1/Ssc0 + Xsc/SN)_1

Therefore, (Z,), the equivalent harmonic impedance of the network at the PCC, for harmonic
order &, has the following value:

Zh = (h U)2 [(h2 Qcond - Ssc1 - Q)2 + h2 P2 ]_1/2
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and the resonant frequency is:

fr = f1 [(Ssc1 + Q)/Qcond ]1/2
where f; is the frequency of the fundamental.

Figure C.3 shows the variation in the impedance Z, as a function of frequency, and the
impedance of the network only due to X, and X;. Note that Z,, shows an amplification at the
resonant frequency f. compared to the impedance of the network alone. Examples of network
impedance and damping considerations are given in IEC TR 61000-3-6.

, at certain harmonic frequencies, the network impedance is high and injection of

, as can be found by applying Ohm's law. There is resonance between _the indyctive
rs and the network capacitors. This has a variety of consequences.

here is a risk of overloading the capacitors due to the overcurrents flowing through them,
here is a risk of breakdown at the terminals of these capacitors due to the considefable

high harmonic voltage at the terminals of an industrial installation can give rise to
apbnormal operation of apparatus with sensitive electrénics and to overheating in rmotor
indings.

d) Tlhe occurrence of harmonic voltages will lead to.@ generation of harmonic currents ip the

distribution network and in other customers’ installations.

Care|should be taken either to reduce the emisSion of the harmonic current sources, lor to
install filters. The location of capacitors in anvindustrial network is thus an important factor in
the ofccurrence of resonances.

Problems of resonance often necessitate a detailed analysis of the electrical network before
they [can be solved. These problems are not systematic in nature but, when they do occur,
their| consequences often mean- damage to equipment, not to mention the effec{s of
accelerated ageing.

The @bove analysis is limited to one reactive power compensation circuit. It is pointed out that
multiplication of such'circuits in a network multiplies the resonance risks.

c.1.§3 Filtering'methods

Cc.1.51 Criteria

Filteling“of an installation is not relevant for this document. The application to PDS9 has
similar difficulties as that of filtering an installation. Moreover, the analysis developed in
C.1.4.2, C.1.4.3 and C.1.4.4 about reactive power compensation could be followed with a
similar approach and similar conclusions, only the initial criteria are specific.

When an excessively high-voltage distortion level can be expected, filtering should be applied.
The voltage distortion level is assessed according to Clauses B.3 and B.4. A particular PDS to
be filtered is known with its conventional harmonic emission characteristics, i.e. levels of
harmonic current are known. But this characteristic is not sufficient to define a filter.

A filter generally consists of equipment which is connected to the network and which presents
a very low impedance at the particular frequencies which-have-to-be are filtered. Therefore,
the filter absorbs harmonic currents of those particular frequencies. However, there is no
discrimination between the harmonic current coming from the PDS, and whose preferred path
of low impedance is through the filter (instead of the network of higher impedance), and the
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harmonic current coming from the existing harmonic voltage on the network. The latter current
is only limited by the sum of harmonic impedance of the network and impedance of the filter
(see Figure C.4). From this discussion, it can be seen that designing a filter is a rather
complex affair which requires the knowledge of the three basic parameters:

e current to be filtered, the origin of which is the PDS (responsibility of the manufacturer of
the PDS);

e existing harmonic voltage (compatibility levels could be chosen but would generally lead to
overrating of the filter);

e harmonic impedance at the PC (responsibility of the operator of the distribution network,

W
Vv

tion

network in case of PCC).
The ¢esign of such filters requires exchange of information between the system, stpplief
the user.
It is|important to note that knowing the harmonic voltage is of no use-if the harn
impefdance is unknown. Often, preliminary measurements of voltage§\and impedance
needgd for a correct rating of the filter.

ho-is the tiser inside-the for\fnry n-case-of |Df‘, or-the npnrcfnr of the pnhlir\ distri

Finally, the risk of multiple resonances is pointed out for similar reasons which have

developed in C.1.4.4.
C.1.5.2 Passive filter
The most traditional filters are resonant circuits {inductance and capacitors in serie

damped circuits by addition of resistors or more complex structures adding poles and zer
the impedance of the filter.

A filt

er presents a very low impedance at a particular frequency which is a multiple 9

powdr frequency. A bank of filters usingZdifferent resonant circuits in parallel provides filt
of sgveral harmonic orders 5, 7, 11;~and 13 for example (see Figure C.4). They also

inclu
wher
stabi

e high pass circuits. They are’designed for a fixed power frequency and, in parti

ity of the power frequency:
Y Zy PC
' | L 4
L

1
h /‘ Distorting

i . load

and

honic
are

been

5) or
os to

f the
ering
may
cular

they are only slightly damped, the effectiveness of the filter is dependent upon the

Bankoffilters‘L J| ' J| At

|
TR

h=5Th=7Th=11Th=13T .

Figure C.4 — Example of passive filter battery

Note that filtering of interharmonics requires damped filters and is only efficient in a narrow

band

Two

of frequencies.

main phenomena are pointed out regarding the risk of resonances.
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e A resonance generally exists at a frequency which is a little bit lower than the tuning
frequency. It is necessary to verify that this will not affect the ripple control or mains
signalling which can be used on the network. It is the responsibility of the user with help
from the utility to inform the manufacturer of such possible mains signalling with the

Cc

haracteristics of the carrier frequency.

e Filtering of each PDS multiplies the risk of resonances, and the result can affect a large
part of the installation. Generally, only a case by case analysis can get rid of these

d

ifficulties, which is the reason why a global compensation should be preferred.

C.1.5.3 Location of the filter

In th
to th

individuar Tirer, irteri ai shou 3
distorting PDS.

But with the preferred method of global compensation, the location and structure, of the

shou

=]

e O

d be chosen in regard to the parameters of the installation:

htural uncoupled sections in the network;

her distorting PDSs or distorting loads with their distorting characteristics,
bnventional harmonic current emission;

e impedances of the distribution network particularly presence,of long lengths of cab

C.2

r¢active power compensation circuits (see Clause C.2).

Reactive power and harmonics

C.2.1 Usual installation mitigation methods

As indicated in C.1.1, reactive power compensation and harmonic current filtering techn
are quite linked, so they cannot be correctlyapplied independently.

Refe
netw
netw
the h
capa

ring to C.1.4.4, the risk of resonance exists as soon as a capacitor is connected
brk which is naturally inductive. Electric cables also introduce capacitances in
brk. The following example shows that, with a capacitor compensating reactive p
larmonic currents at the PCC'are increased. Significant harmonic currents also flow {
Citor.

sible

filter

e, or

ques

to a
to a
bwer,
o the
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20 kV - Sgco= 69 MVA

PCC
Stn 400 kVA
Xt =4 %
400 V )
PDS T
I
3 x 36 kW Qc =36 kvar Solid line — currentin amperes
200 kW Dashed line — line.to_neutral voltage in kV
tan (@ )=0,5
IEC
a) Circuit diagram b)"Waveforms at PCC

when Q. is not connected

EC

IEC

Solid line\x-current in amperes Solid line — current in amperes

Dashed line’=line to neutral voltage in kV

¢) Waveforms at PCC d) Current in Q;
when Q. is connected

Figure C.5 — Example of inadequate solution in reactive power compensation

It can be seen in Figure C.5 that the problem is complex with only one capacitor, and
increases with the number of capacitors used for compensating reactive power. The
multiplication in a network of capacitors for passive filtering and for compensation of reactive
power as well, increases the number of possible resonance frequencies. Therefore, global
compensation, taking the whole system into account, will show the best results.

Moreover, proceeding separately to reactive power compensation and to filtering increases
the risk of over production of reactive power. Actually, efficient passive filtering also produces
a significant amount of reactive power. Therefore, considering both phenomena together
gives the opportunity to define a better solution by designing optimum equipment for the
whole installation.
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C.2.2 Other solutions
c.2.21 General

The main drawback of passive filters is often their inability to adapt to network changes and
filter component variations (ageing, temperature, etc.). A passive filter is efficient if its
impedance at given frequency is very low compared to that of the source. However, in certain
cases, compensation becomes difficult if the source (i.e. the network) impedance is low or if
the filter frequency characteristics are not accurately tuned to the harmonics generated by the
load. But, above all, the most serious problems are series or parallel resonances with the
network which can occur.

Condequently, both for the electrical utility and/or the user, other compensation methed$ can
be required to make optimum use of the energy drawn from the network. New~sotufions,
offering better performance, are under consideration and some have already/reached the
prodliction stage. These solutions are active power filters, and non-polluting PDSs incliiding
powdr factor correction network controls.

C.2.2.2 Active filters

:

D
o

D

b P
D QD

K -

All aftive filters have been devéloped based on the active PWM converters. They cgn be
divided into two types, regardiéss of the configuration topology:

ower factor correctiogn converters (PFC) normally used for low power applications. These
b not have any infliénce on the active power, or the ability to operate as rectifiers. [They
ork in DC and aré-in cascade with AC-DC converters;

ctive infeedvconverters (AIC), often known as active front end (AFE). These are AC-DC
bnverterswhich can pass active power as well as influencing the reactive power. |AICs
berate \infour quadrants. They can be classified as current source inverters (C§l) or
bltage,'source inverters (VSI). The CSI PWM modulated bridge inverters behave |as a
butce™ of non-sinusoidal current, and have current harmonics due to non-linear Ipads.

ay havn an indiintancans ~An tha NE Ko ywhich Aancrirac tha Alrapilatins ~Af A ANt uous
ey Ty e oot e e O e o o oo Wi T o e St e o St O o S o

current in the d.c. link. CSI inverters have a good reliability, but have large losses and
require high values of capacitive filters in parallel to the network terminals, to eliminate the
unwanted harmonic currents. Furthermore, CSI inverters cannot be used in a multilevel
configuration for high power compensation. The other type of AIC converter is the VSI
PWM modulated inverter. This converter is more convenient for active power filter
applications because it is lighter, cheaper, and extensible to multi-level and multi-phase
versions, in order to improve its performance for power factor correction for higher powers
and lower switching frequencies. The VSI PWM modulated shunt inverter can be
connected to the DC bus through a coupling reactor and an electrolytic capacitor that
maintains a constant voltage at its ends and free from ripple. Active filters can be
classified taking into account the type of converter, the control scheme and the
characteristics of compensation.

[ ]
40 < 00> AT



https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

- 114 - IEC 61800-3:2017 RLV © IEC 2017

From the topological point of view, active filters can be shunt type or series hybrid, the latter
intended as a combination of passive and active compensation. The active shunt filters are
used to compensate the harmonic currents, reactive power and unbalanced loads.

The shunt active filters compensate current harmonics by injecting equal but opposite
harmonic current. In this case, the active filter operates as a current source injecting harmonic
components that are 180° out of phase with those generated by the load. As a result, the
components of the harmonic currents are eliminated by the active filter; and the current
flowing from the source (a.c. generator) remains sinusoidal and in phase with the relative
phase to neutral voltage. This principle is applicable to any type of load considered as a
source of harmonics. Furthermore, with a control system of this type, the power active filter
can W . y distribati y 5 the
combination of non-linear load and active filter as an ideal resistor. o

The $eries type active filters are connected in series between the load and the r,(éins netyvork.
The geries active filter is frequently connected through a transformer type co‘;.@ng.

-
-

[~

NON- —_ 21 NON-
LINEAR LINEAR
LOAD MY'\Q) LOAD
AC generator AC generator @)
: N :
Q O
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\sd\k filter
’\ ies

IEC

 Oeote 1
O® ) -i} [+
N

Key )
a SHunt conn t active filter

b Sqries ection active filters

c Hyf b«active filters

The hybrid configuration is a combination of a series active filter and a shunt passive filter.
This topology is suitable for reactive power compensation of high power systems, because the
power rating of the active filter as the PFC is a small percentage (about 10 %) of the power
rating of the load. Most of the hybrid filter is formed by the shunt passive filter LC, used to
compensate the lower order harmonics and reactive power.

Figure C.6 — VSI PWM active filter topologies

The active filter for the compensation of the harmonics and the reduction of the phase shift is
located, regardless of the connection, between the network and the non-linear load and is
often made by placing a switching converter between the input rectifier and the storage
capacitor. The control is carried out so that the input current follows the input voltage. The
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most widely used type of switching circuit is a boost converter. It does not mean that the
converter operates in boost mode, i.e., step-up, but only that the circuit is boost type of circuit.

AC line AAA > load
PFC l
RECTIFIER REGHLATOR INVERTER
o c
bypassT storageT

IEC

Figure C.7 — Boost mode converter \%

Q.

The PFC changes a distorted waveform to build a sinusoidal current that is in @@se with the

input| voltage. There are various techniques to achieve a sinusoidal wavef@ of the jinput
currgint with low distortion, i.e. with low harmonic content. "b

/

In the PFC boost circuit, the inductor is in series with the AC p@line. Therefore|, the

currgnt input to the rectifier block is not a pulse waveform. The use Qf FC includes the 4ctive

regulation of the waveform of the input current 7, the filterin Q‘D the switching frequency,

feedlpack sensing of the current source for the control of t é)vaveform and the feedback

control for output voltage regulation. A\
&

An agtive PFC has a higher efficiency and is significa smaller and lighter than the papsive
filter] In fact, it can operate at a higher switching fr cy than the line frequency, allowjing a
stronfg reduction of the size and cost of passive filQ\r lements.

C.2.4.3 Acth@i@eed converter

The ferm "a infeed converter" (AIC) refers to a power converter placed on the nefwork
ing components such as IGBTs. The system includes, in addition to the|front
end, [a bank* of DC link capacitors and a load side inverter. The front end works as a rectifier,
but du&g a regenerative mode can operate as an inverter feeding the network with recoyered
energy-

side jwith

During periods when the energy flows from the network to the load, the converter operates as
a rectifier with voltage AC input and voltage DC output. It works as a step-up chopper as the
voltage on the DC link might be higher than the peak voltage of AC grid. The requirement of a
constant voltage on the DC link is present both in rectifier and inverter operations. The
voltage ripple can be reduced by placing the capacitor bank on the DC link.
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Inverter front end Inverter load side

] motor
storage \ load
Ot TG il | AH&
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Figure C.8 — Front-End inverter system

2017

Figunle C.8 shows the system with the two converters, including the presence~®
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C.2.2

tance necessary for boost operations in the line side. Additional filteripg\ma
onics (see IEC 62578). An AIC can be considered as a synchronous.Yeltage s

as the capacitor in the DC link. Because of its ability to regulate energy, the AlQ
advantages used to maintain compatibility levels required by the nétwork.

e capabilities can be summarized as:

e maximum achievable compensation is limited only<{by“the value of the max

e desired voltage on the DC link even in the/presence of severe dips in the n
bltage;

e AIC can operate over the whole rapgevof current, even with voltage red
ometimes it can tolerate network voltages,réduced even by 20 %;

y doing so, both with the elimination oftharmonics and production of reactive currer
creases the margin of stability in presence of failure;

e response time of an AIC, acting as a compensator, can be a fraction of a half

5 long as 5 to 6 cycles;

e control strategy allows,the AIC to exchange active and reactive power to and frorn
stem to the AC ling;

e to the ability tonexchange active power, the AIC can be used to adjust the dampi
5cillations in th€ secondary winding of a transformer.

4 Application

The
that
and

gains wi

costs efssuch systems are or can be an important part of the costs of the distorting |
hey(correct (PDSs or others). This should be understood regarding investment, oper
aintenance as well. Note that operation generates costs with increasing losses and

ermissible current of the switches and the ratio between“the AC voltage and the DC
bltage. The AIC can keep the maximum value of volt-amperes reactive compensation and

the
y be

5sary on the mains side to comply with compatibility levels at the PWM frequency and its

urce

ected in shunt mode and a compensator together with an element thatrgah store egnergy

has

mum
link

nains

iced.

ts, it

cycle

10 ms). By comparison, in the(case of controlled thyristors the dynamic response tine is

n the

ng of

oads
ation
also

nical

g p p
objective which does not allow any alternative to "Ensure EMC" (i.e. compliance with
compatibility levels).

Another point is that the compensation can be global, local or combined more easily than with
passive solutions because of reduction of resonance risks.

Last but not least, these active solutions increase the number of commutating electronic
power devices and are responsible for an increase in high-frequency emissions.

The ideal solution does not exist, and all these elements should be considered. However, the
definition of the solution of a particular problem should take into account the particular
environment of this problem. The particular environment belongs to a generic class, but is
refined by the very knowledge of the industrial conditions in each case.


https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

IEC 61800-3:2017 RLV © IEC 2017 - 117 -

Annex D
(informative)

Considerations on high-frequency emission

D.1 User guidelines

D.1.1 Expected emission of PDSs
D.1.114__PDS and its components

In industrial environments, or public networks which do not supply buildings used forsderfestic
residential purposes, the customers who use PDSs on these networks have“@ geperal
technjical competence and are aware of EMC phenomena.

When selling the components of a PDS, the manufacturer cannot build-innmitigation methods
against radio interference, because they are not aware of the EMC boundary conditions qf the
final jinstallation. Moreover, the user of the components should have~a free decision from the
econpmical point of view, to use global or local filtering or screening methods, natural
mitighation through distances, or the use of distributed parasiti¢’elements of the existing
installation, to achieve electromagnetic compatibility in a casesby.case manner.

D.1.1.2 Conductedvoltage Mains terminal disturbance voltage

The nethods and values of quantitative judgementto~achieve EMC are well-described ih the

normiative part of this document. —An—+mpe#ta4qi—+tem—ef—mﬁe#mahewﬁer—the—use#ef—a#uﬂﬂ+emd

PDS lto-evaluate possible-mitigation—me
1 DAS | cHdate—possioietgaton—me
o

to

D (

up tag 30 MHz is important information farthe user of an unfiltered PDS, in order to evafluate
poss|ble mitigation methods.

The following results are based on measurements made on-several-types—of convefters,
mainly PDSs—{veltage—sourcefype—and-current-source—type}, located in various coumtries
betwpen1990-and-1994 in 20112. For an evaluation of the range of emission levels whic

usually be expected, the frequency range was divided into the three usual parts (CISPR 11:
0,15 MHz to 0,50 MHz; 0,50 MHz to 5,0 MHz and 5,0 MHz to 30 MHz), and the maximum{|level
from| each PDS in-\every part was recorded as representative of that section.| The
meagurements were-made usmg quasi-peak detectors—m—mest—ef—the—eases—A—Fange—M{
+ 20
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t load conditions (light load and maximum load), dlfferent rated input
voltapes (400 V to 690 V) and different rated powers (75 kVA to 1 000 kVA) were measurgd.
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Figure D.1 — Conducted emission of various unfiltered PDSs

In mlost cases, thisJequipment is used without interference, but mitigation methods (for
example HF filtering)—have—to should be taken in the vicinity of a radio-receiver or|of a
sens|tive apparatus, such as for very low-voltage measurements.

D.1.1.3 Radiated disturbances

Measurements Tetatedto the Tadiatedemissionstrave ot beem deepty investigateddueto the
lack of complaints in this range. However, what can be expected from the equipment is shown
in Figure D.2. The evaluated results represent measurements corrected to peak values at
10 m measuring distance for PDS with or without different applied mitigation methods.

The continuation of the expected disturbance voltage ranges from Figure D.1 in the area
above 30 MHz is only a rough approximation with very few representative values, but could
show enough data to explain why there is a lack of complaints. As can be seen from this
figure, the mean values of radiated emissions above 100 MHz are frequently crossing below
the limits of CISPR 11 without mitigation methods.

An analytical approach is not presented in this range. The reason for that is the main sources
of radiated emissions in most of the cases are the microprocessors or some active driven
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power supplies within the equipment and not the main power electronics of the converters at
all.

Peak
dB(uV)/m
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100

: 40 dB/decade

{ Category C2
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\ value (+5 dB) R —
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0 4 \ \ v
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value (+5dB) \ \

~

10 100 1000 /IMHz
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Figure D.2 — Expected radiated emission of PDS up to rated voltage 400 V
Peak values normalised at 10 m

D.1.1.4 Emission from the power interface

The ¢mission from the power jnterface is mainly due to common mode voltage. The compmon
modg voltage on the power interface can have a high dv/dz. This high dv/df induces currgnt in
the gtray capacitance of'both the cable and the electrical load (generally, the electrical|load
cons|sts of the windings of the armature of a motor). These stray currents come back to|their
sourg¢e through earth’ and either the supply network or input filters of the corresponding
converter. Therefore, the emission from the power interface is linked with the disturbance
voltage which-is measured on the power port.

D.1.2 Guidelines

D.1.2.1 Public low-voltage network

The potential effects of the disturbances produced by a PDS depend upon the environment in
which the PDS is used.

In some countries, small commercial or light industrial premises can be supplied by a public
low-voltage supply which also supplies-domestic residential premises. In this system, there is
no galvanic isolation between the three-phase input terminals of the PDS in the commercial or
light industrial premises and the mains supply sockets in the-demestic residential premises.

Where an unsuppressed PDS is directly connected to a public low-voltage supply which
supplies-domestic residential premises, there is a significant risk of disturbance to radio and
television reception. In this environment, it is strongly recommended that the mains input of
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the PDS be filtered. Therefore, the user should select a PDS which complies with the
appropriate limits given in 6.4.

D.1.2.2 Second environment

In an industrial environment, not on a public low-voltage supply, the common practice for
many years has been to use unfiltered PDSs. In general, these have worked correctly and
have not disturbed other equipment. This has been shown by a general lack of complaints
about radio interference in industry. Therefore, they are compatible.

If prwamm@y_mmmwdmmmmmg the
BDMJCDM. These disturbances propagate along the supply and motor cables and_g¢an be

coup|ed into other equipment by conduction, inductive or capacitive coupling, or radiation

Therg can be problems if an unfiltered PDS is used in close proximity to particularly sensitive
equipment. However, a PDS may not be the only source of disturbance and the sengitive
equipment is usually of lower power rating than the PDS. Therefore, impreving the immunity
of thg sensitive equipment can be a more economical solution than_filtering the emissions
from |the PDS.

Problems are usually prevented by following normal installation guidelines, invdlving

segrggation of signal and power cables. If these are insufficient, either the immunity df the
victii should be increased or the emissions from the PDS&should be reduced, dependirg on
which is the most economical solution.

The yise of a commercially available EMC filter on_the power interface between the BDM/CDM
and fhe motor can lead to problems. It is likely:that the capacitors in this filter would be
damgged by the fast switching edges present on\the BDM/CDM end of this interface.

If a $hielded or armoured cable is used for the connection between the BDM/CDM and the
motof without the BDM/CDM input beging filtered, the coupling from the motor cable will
decrgase, but the conducted disturbances in the mains supply will increase, due tg the
capatgitance of the armoured cable. Therefore, if a shielded or armoured cable betyveen
BDM{CDM and motor is being used to solve an EMC problem, a filter should be connectgd to
the rains input of the BDM/CDM. However, minimising the length of the motor cable¢ will
genefally assist in reductionef radiated emission of this cable.

Since filtering would_cause safety problems in systems which are isolated from earth, the only
solutlon in this case' is to ensure that other equipment has sufficient immunity fon this
envirpnment. Inthe case of systems in which one live line is connected to earth (knoywn in
somg countries{as "corner grounded" systems), the Y-class (line-to-earth) capacitors should
be rated for\the full line-to-line voltage.

D.1.2.3 Categories C1 and C3

The manufacturer should provide the information necessary for the user to select the correct
emission category and to install the equipment correctly. This information should include clear
instructions on the installation of any filters supplied as loose items. If special cables are
required, this should also be stated.

Cabinet builders often use insulation withstand tests to check the quality of their wiring.
However, an EMC filter is usually less able to withstand this test than the power converter.
Therefore, the manufacturer should provide clear instructions on this subject to the user.

If the PDS is unsuppressed or is of a high emission category, the manufacturer should
indicate this clearly in the user documentation. In this case,—acecordingto 6.4.1.1 and 6.4.1.3
require that the manufacturer shall provide a warning that the PDS is not to be used in a
public low-voltage network which supplies-demestic residential premises.
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If the PDS generates commutation notches on the input, this should be indicated in the user
information.

In case of problems, the manufacturer should offer (at the cost of the user) the solution
necessary to make the PDS comply with a lower emission category.

D.1.2.4 Categories C2 and C4

In this case, the user has the technical competence to apply a correct EMC concept for the
installation. The manufacturer should provide information about the emission category of the
PDS.

The lser will be able to select the correct combination of emission category and-mitigation
meagures to provide the most economical solution for the installation.

D.2 | Safety and RFI-filtering in power supply systems

D.2.1 Safety and leakage currents

The RFI-filtering sufficient to meet the emission limits is well-knowq)in the state of the art} It is
important to consider that the capacitance values and therefore.the energy content and flnally
the ¢ffectiveness of Y-type capacitors used for the filters\are limited by the normative
requirements of safety standards, such as IEC 60065 in the case of plug-in apparatus. [f the
leakgge current through this RFI-filtering capacitance ta_earth is too high, the effectivenelss of

diffedential-protection{earth-fault protection) protecti%e) measures with RCDs or RCMs Within |

these supply systems can be compromised.

Safely requirements related to leakage current;,including requirements for warnings, are given
in IEC 61800-5-1.

D.2.2 Safety and RFI-filtering in power supply systems isolated from earth

In cgmplex processes like rolling 'mills, bar mills or paper mills as well as centrifugal and
auxillary equipment in the sugar industry, crane equipment and chemical industry, it is useful
and gtate of the art to have & distributed-isolated IT power supply system. Even if, for exdmple, |
the motors are installed outside the building and are exposed to high humidity, it mgy be
necepsary to continue the process in spite of one-shert-circuit insulation fault to earth.| This
shorficireuit insulation_Tault is detected via an—“earth-fault-monitoring-system™and-allows-the
wholg-process-to-besafelyrununtitthe-rext-service-interval insulation monitoring device |(IMD)
whiclh may be combined with an insulation fault location system (IFLS) according IEC 61557-9.
This measure-allows the whole process to be safely run until the next service interval.

This ["pracess safety philosophy" in industrial installations could be disturbed by a Ipt of
paragitic.elements as shown in Figure D.3 for example by capacitances Cov between supply
netwOrk and earth. The resulting capacitance is the sum of all Y-type capacitances and
parasitic capacitances. The sum of all C,,, can reach values of several microfarads. Any RFI-
filtering system would increase this capacitance-to-earth to an extremely high value because
of the large number of Y-type capacitances used (for example n-times the capacitors C,). With
increasing capacitance it would become more and more difficult and finally impossible to
detect an-earth insulation fault correctly.
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Several PDS are working together in a complex process with distributed isolated power supply.
Figure D.3 — Safetyrand filtering

With [RFI-filtering devices (C,), any-shert-gireuit insulation fault to earth will cause very
currgnt values to flow through the semiconductor switches within the power drive system.
is equivalent to short circuit conditions”in the earthing network on any output failure.
would lead to a tripping of functioncand releasing of electronic emergency protective de
and flinally to an undesired process ‘shutdown with unforeseeable economic consequence
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Thesg are the reasons why RFI|-filtering is not compatible with isolated networks of distrihuted

procgsses and thereforenis' not discussed in the above-mentioned examples. On the
hand] it can be expected ‘that RFI-filtering would not be very effective in these networks.

bther
This

is bgcause the return—path of disturbance current flow to the disturbing source in systems

isolated from earth.7is only capacitive. It will be hard to define or calculate becaus
resonances with_ the parasitic line inductances L. Finally, an increase of the disturh
currgnts flowing through some Cy's through this less defined path could lead to interfer
problems with other equipment working on the same supply system.
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Annex E
(informative)

EMC analysis and EMC plan for PDS of category C4

General — System EMC analysis applied to PDSs

2

5tem
ons:

Electromagnetic environment

General modelling

consists of some subsystems. The existing<{devices (subsystems) can havg

environment on which compatibility

emission and/or susceptibility (Figure E.1):

EM environment

v

ing the first standardised classification of intended use (see definitions in 3.2), a
iled and adapted description may be conducted. Various approaches may b€ used to
ibe the electromagnetic environment (EM environment). The general characteristi
levels may be based should.(be define
romagnetic compatibility of systems is to be achieved, the immunity- characteristi
ment should be considered together with installation practices -and design, phy
ration, filtering, and shielding.

rding to the types of PDSs, particular classes of environment €¢an be determined.
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Emitting devices determine the electromagnetic environment.

Figure E.1 — Interaction between systems and EM environment

Emission may reach the

susceptible devices through various coupling types. General interactions are defined between
subsystem i and subsystem j, and subsystem i and the environment. These interactions are
defined with a coupling model using various coupling types (common impedance coupling,
coupling by induction, and radiation — see Table E.1).

This model helps to define various EMC problems and to define specific limits. Some
examples are given in Figure E.1 and Table E.1.
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E.1.2 System EMC analysis techniques
E.1.2.1 Zone concept

The system EMC analysis tasks should be performed utilising knowledge of signal
characteristics in each subsystem, noise immunity levels of critical circuits, engineering
evaluation tests, and consideration of the operational EM environment. Models for sources
(transmitters), receivers, antennas, propagation media and coupling paths should be
developed as necessary. The objective of the system EMC analysis is to assist in the
development of design requirements and procedures to ensure that the drive system meets
the EMC requirements.

A zgne concept for the drive system should be defined based on the operatlional
electfomagnetic environment and the susceptibility of subsystems and equipmenpt.\Spgcific
acceptance criteria should be established for each zone prior to each EMC test. Fhese crjteria
shou|d define the procedure used for the drive system performance during™~the immunity
testing and to detect malfunctions or deviations from specification requirements.| The
acceptance criteria for a particular subsystem (or equipment) should tbe.“included in the
applicable EMC test procedure. The zone concept is illustrated in Figure E"2.
Industrial
Zone 0 power supply
Zone 1
Circuit-breaker
Harmonic
filter
Converter transformer
Busbar
Zone 2
Buses Converter Cooling
system
A
Alarm Gating Auxiliary
signal signal system
Loads .
Zone 3
Y Y T
o ser's
AUX'IM> Supervisory control, protection - > control
system
Zone 4

IEC

Figure E.2 — Zone concept
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E.1.2.2 Interfaces

Table E.1 gives an example of the power interfaces between the subsystems of the PDS (as
shown in Figure E.3), and the types of interference (conducted, radiated).

Table E.1 — EM interaction between
subsystems and environment

Transformer
Bus Subsystems as susceptible device
Subsystems as Environment  [Trans- Converter |Cable Motor
EM-source former
Converter Environment N/A Cl Cl Cl |
Rad.
Cl
Bus
Transformer E, H, N/A Cl N/A IN/A
Cable Rad.
Converter Cl Cl N/A Cl IN/A
Rad.
Cable Cl Rad. Cl N/A |
Motor Rad. Rad.
IEC Motor Rad. N/A Cl Cl /A
NOTE Coupling modek:
— common impedance coupling — coupling by induction
Figure E.3 — Example of drive Cl:  both resjstive and reactive E: electrical field coupling
’ couplin
P g. H: magnetic field coupling
N/A: notrapplicable . .
Rad: radiation coupling

E.1.2.3 Equipment

The g¢lectromagnetic characteristics of each equipment (emission, immunity) and the zohe to
which it belongs should be determined.

In cages where an EME plan is required according to 6.5.1, the following form can be used.

NOTE| This plan is based on IEC TR 61000-5-1.

This [EMC plan,covers the use of a PDS in a specific installation. The purpose of the plan is
to make an-EMC analysis at installation level. Based on the EMC analysis, the measurgs to
achigve electromagnetic compatibility will be defined.

E.2 Example of EMC plan-forgeneralapplications

E.21 Project data and description

According to 6.5.1, the EMC plan reflects the agreement and the exchange of technical data
between the user and the manufacturer. It should define the responsibilities of the
manufacturer of the PDS, the installer and the user. The EMC plan is established jointly by all
three parties. Any question which is not relevant to the particular application may be omitted.

The EMC plan is divided into two parts:

e E.2 defines the items which should normally be agreed;

e E.3 defines additional items that may be necessary in certain applications.
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NOTE Use The marking N/A is used if the requirement is not applicable.-Provide An explanation is provided in
such a case.

The example proposed below contains questions, the answers to which can constitute an
EMC plan.

Name of manufacturer/supplier
Name of end user
Order NO. o s Date

Type of facility (e.g. chemical factory, paper machine)
Application (e.g. pump. fan, conveyor) .....
EMCJ[responsible person(s) ......................

E.2. Electromagnetic environment analysis
E.2.2.1 Facility data

Installation location

Desdription of the neighbourhood (next to the second environment(n” which the PDS is

installed)

Firstlenvironment Second environment

The distance from the building/room of PDS to first environment:~............... metres
The distance from the building/room of PDS to the other premises’ in the second environment:

......................... metres

Building and room construction

Type|(wood, brick, concrete, steel, aluminium, etc.) /) ..,

Reinforcement (steel, etc.) Yes ...cccocevennnnl. NO .o,
Deditated room for system Yes .................... N\ [o TR
Room layout

Sket¢h room layout as close to scale as possible. Shows all major equipment: windows, doors,
etc.

E.2.2.2 Power and earthing data

Powgr distribution

Powgr distribution system.for PDS:
Identification of the point of coupling (identification code for distribution panel, switchgear or
transformer).......

Type| of distribution.system (example TN-C, TN-S; TT, IT)

The fype of power supply for PDS:

Wyel..... Delta .... Number of phases ... Number of wires .....
Eartt bus:fiow and where bonded? .................

Wiring.diagram

Draw a single-line diagram of site power distribution system from the main supply transformer
to the PDS. Show all transformers, distribution panels, etc. Also indicate nominal voltage,
power rating, cable routing and method, number of conductors and approximate length of
cables/busbars involved.

E.2.2.3 EMC data

PDS earthing

PDS earth reference? ...... Single point........ Meshed .........
Provide a schematic of equipotential bonding.
PDS shielding

Are shielded cabinets for CDM/BDM used? Yes....... No........
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Describe:
Are shielded cables used? Yes....... No........
Describe:
Other measures used (e.g. container)? Yes....... No........

Describe (consider also motors and cables):

RFI sensitive equipment in facility

Any equipment in the building or near installation location sensitive to RF disturbances?

Yes No
Describe: (e.g. process control and measurement, data buses, computers, etc.)

Apprpximate distance from PDS/cabling of PDS: ...
Most|likely coupling path for disturbance: Conducted.......... Radiated ......

RFI gensitive equipment outside facility

Any Ibroadcast or communications receiver antennas visible or near facility?

Yes | No
Describe (e.g. radar, radio/TV broadcast, amateur, microwave or other):
Frequency.......... Distances from the antenna....................C\. .

Citizen band (CB), walkie-talkies, wireless communication, {(remote control
synchronisation system used on facility?

Yes | No

Describe:

E.2.3 EMC analysis
E.2.3.1 Identify the most sensitive equipment or systems

Analyse electromagnetic environment constraints to installation.

E.2.3.2 Identify the most likely disturbing parts of PDS

Analyse electromagnetic environmentconstraints to installation.

metr

metr

or

E.2.3.3 Are there risks of malfunction of items listed in E.2.3.2, due to disturban

from the PDS?

Yes | e, No
Describe:
E.2. Establishmeént of installation rules

E.2.4.1 Earthing

Note| the-fecommendations given by the manufacturer of PDS, when determining

installation’rules. To ensure the EMC effectiveness of the earthing, assess the items belo

e earthing system of PDS (single point/meshed);
e equipotential bonding:

— interconnection of exposed conductive parts;

— interconnection of metal structures of PDS to the earthing system.
e HF quality of connections:

— metal-to-metal bonding by fasteners;

— removal of paint or any other insulating material where necessary.

e describe (EMC solutions).

ES

clock

ces

the

Ww:
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E.2.4.2 Cables and wiring
E.2.4.2.1 Cable selection

Note the recommendations given by the manufacturer of PDS, when determining the
installation rules. To ensure the EMC effectiveness of cables, assess the items below:

e the signal type (e.g. digital data, PWM to a motor);

e unused conductors;

e type of cable and type of shielding (if any);

-1 VE X W P bt kN
° CjJ:bbllUb' (EIVIL SUTULTIOTTS ).

E.2.4.2.2 Routing

Note| the recommendations given by the manufacturer of PDS, when determining the
installation rules. To ensure the EMC effectiveness of cabling, assess the itemsibelow:
e separation of high-power and low power, or signal cables;

e minimisation of parallel length;

e segregation distances;

e cable intersection at 90°;

e upe of conduits and cable trays as parallel-earthed conductor;

e cable positioning in cable trays;

e eprthing of cable trays;

e dpscribe (EMC solutions).

E.2.4.3 Shielding of PDS cabinet

Note| the recommendations given by the manufacturer of PDS, when determinind the
installation rules. To ensure the EMC effectiveness of enclosures, assess the items below:

(@]

bntinuity of metallic enclosure;

e d|mension of slots and openings;

e cable entry through the earth reference plane;

e copnnection of cable-shields to earth reference plane (360° preferred);

e describe (EMCisolutions).
E.2.4.4 Dedicated transformer

Note| the._recommendations given by the manufacturer of PDS, when determinind the
instaflation rules. To ensure EMC effectiveness, consider the use of the following:

e dedicated isolation transformer;
e transformer with electrostatic shield;

e describe (size, location).
E.2.4.5 Filtering

Note the recommendations given by the manufacturer of PDS, when determining the
installation rules. To ensure EMC effectiveness, consider the use of the following:

e centralised or distributed RFI-filter-configurations;
e signal line filtering;

o filtering power interface if appropriate;
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e describe (EMC solutions)
E.2.4.6 Additional mitigation techniques

Note the recommendations given by the manufacturer of PDS, when determining the
installation rules. Are other mitigation techniques necessary? Yes No

Consider the use of the following:

e electrical separation of circuits;

e optical fibres;

. hlvanic isolation for data lines (example optocouplers, transformers);

g
e ektra protection for sensitive devices;
d

. escribe (EMC solutions)

E.2.5 Formal result and maintenance

Chegk that the installation is built according to the defined installation fujes.
Do al|l details follow the defined installation rules? Yes No
Desdribe any action to correct failings.

Define instructions for maintaining EMC characteristics of the installation (e.g. measgures
against corrosion, dust which might weaken the _cCantact between the door and the frame,
loosgning of connections).

Signature(s) by person(s) responsible for EMC:
Date

Signature(s)

E.3 | Example of supplement to EMC plan for particular application

E.3.1 Electromagnetic environment complementary analysis
E.3.1.1 Power'distribution from utility substation to facility main supply transfofmer

The questions”in E.3 are related to factors external to the PDS which can be relevant tp the
EMC|performance in a more complex application.

Electrical utility service supplier:

Approximate distance from the nearest utility substation (if known):
Utility service distribution from the substation:

overhead lines buried combination
describe

Facility main supply transformer characteristic: kVA

input (primary): volts number of phases
type of connection: Delta Wye
other, describe
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Output to internal distribution (secondary)

volts number of wires  number of phases
Type of connection: Delta Wye
Is the transformer earthed? (describe how and where)

Building earthing electrode consisting of

Earth rod Multiple rods Earth grid Earth plate
Buried conduit Water pipe Building steel

If othler, describe

Draw| wiring diagram

Draw a single-line diagram of site power distribution system from the utility substation to |main
supp|y transformer. Show all transformers, distribution panels, etc.

Earth electrode impedance in ohms (if known)

E.3.1.2 Power distribution from facility main supply transformer to local distribution
panel/switch gear/transformer for PDS

The questions in E.3 are related to factors external to the“PDS which can be relevant tp the
EMC|performance in a more complex application.

Wirinlg diagram

Draw a single-line diagram of facility pewer distribution system from the main supply
transformer to the local distribution panel/switchgear/transformer.

Local power distribution panel/switchgear/transformer

Pangl/switchgear/transformeriidentification

Pandl construction: how.and where bonded

Type| of power supply’for panel/switchgear/transformer

Wye Delta number of phases

number of-wires wire size (phase/neutral/PE): Cu Al

Neutral bus: how and where bonded

Earth bus: how and where bonded

Individual insulated PE wire from PDS or part of PDS
Yes No

Describe
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E.3.2 EMC analysis
E.3.2.1 Frequency plan

RFI survey needed

Yes No

Explain

If yes, issuing a frequency plan/table might clarify the situation. An example is given below in

Tabl¢ E.2.

Table E.2 — Frequency analysis
Equipmen Unit Frequency Band- Description of Waveform Type Ref.
width frequency source Doc.
\Y A Em Im
Inverter N°1 IGBT-module 5 kHz Output switching 510 PWM X
frequency
Inverter N°2 IGBT-module 5 kHz Output switching 510 PWM X
frequency
Inverter N°1 Motor control 40 MHz TTL clock 15 TTL clock [X
Inverter N°2 Motor control 40 MHz TTL clock 15 TTL clock [X
Inverters Output current |1 kHz Sampling ffequency | 0,03 )
sensor
Auxiliary Power supply |200 kHz Switching frequency | 230 Spike X
equipment
Cordless
telephones
Business Transmitter/ X )
radio receiver
Amateur rad|o | Transmitter/ 144"\MHz )
receiver

Em: gmission
Im: immunity
Ref. doc: neference number of the specification of the item

Risks of malfunction of items listed in above due to disturbances from the PDS should be

analysed and adequate measures should be defined.

E.3.2.2 EMC testing

List the references of EMC test reports.
Is further specific EMC-testing necessary?
Yes No

If yes, a procedure as follows may be necessary:

e prepare an EMC test plan (refer to EMC analysis);
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o perform EMC tests and write test reports.
Are the test results acceptable?

Yes No

Describe any action to correct failings:

IEC 61800-3:2017 RLV © IEC 2017
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ADJUSTABLE SPEED ELECTRICAL POWER
DRIVE SYSTEMS -

Part 3: EMC requirements and specific test methods

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization cemy
national electrotechnical committees (IEC National Committees). The object of IEC,is“\to prf

end and in addition to other activities, IEC publishes International Standards, Technical Specifics
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National, Committee inte
in |[the subject dealt with may participate in this preparatory work. Internationatygovernmental and
gojernmental organizations liaising with the IEC also participate in this preparation-IEC collaborates d
with the International Organization for Standardization (ISO) in accordance, with” conditions determin|
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express, @s nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical <committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are madé to ensure that the technical content
Publications is accurate, IEC cannot be held responsible~fer/the way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Public
transparently to the maximum extent possible in their national and regional publications. Any diver
befween any IEC Publication and the corresponding.national or regional publication shall be clearly indicg
the latter.

IEC itself does not provide any attestation of econformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

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

Nd liability shall attach to IEC or:its’directors, employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to_the Normative references cited in this publication. Use of the referenced publicati
indispensable for the-correct application of this publication.

At{ention is dfawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights. |EC shall not be held responsible for identifying any or all such patent rights.
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Interpational Standard IEC 61800-3 has been prepared by subcommittee 22G: Adjustable
delectric drive systems incorporating semiconductor power converters, of IEC technical

committee 22: Power electronic systems and equipment.

This third edition cancels and replaces the second edition published in 2004
Amendment 1:2011. This edition constitutes a technical revision.

and

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

a)
b)

c)

clarification of requirements for the test report, particularly when a number of alternative

test methods exist;

introduction of a more detailed test setup for radiated emission measurements, along with

the introduction of a 3 m measurement distance for small size equipment;

general updates in the informative annexes.
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The text of this standard is based on the following documents:

FDIS Report on voting
22G/347/FDIS 22G/350/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2, and with
IEC Guide—+8+

A lisf of all parts in the IEC 61800 series, published under the general title Adjustablé speed
electrical power drive systems, can be found on the IEC website.

The ¢gommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore.iec.ch~in-the data relatpd to
the specific document. At this date, the document will be

-

¢confirmed,

e withdrawn,

—

gplaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logds on the cover page of this publication
indicates that it contains colours which are considered to be useful for the corfect
un:ierstanding of its contents. Usersishould therefore print this publication using a
colgur printer.
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1

This [part of IEC 61800 specifies electromagnetic compatibility (EMC) requirements for\p
drive| systems (PDSs, defined in 3.1). These are adjustable speed AC or DC moter,d
Reqyirements are stated for PDSs with converter input and/or output voltages (line-td
voltape), up to 35 kV AC RMS.

PDSg covered by this document are those installed in residential, commercial and indu
locatlons with the exception of traction applications, and electric vehitles. PDSs ca
connected to either industrial or public power distribution networks-‘\\ndustrial network
supplied by a dedicated distribution transformer, which is usuallyhadjacent to or insids
indugtrial location, and supplies only industrial customers. Industrial networks can als
supplied by their own electric generating equipment. On the other hand, PDSs can be dif
conngected to low-voltage public mains networks which alsp“supply residential premises
in whlich the neutral is generally earthed (grounded).

The $cope of this part of IEC 61800, related to EMC) includes a broad range of PDSs fr
few Hundred watts to hundreds of megawatts. PDSs _are often included in a larger system
systgm aspect is not covered by this document\but guidance is provided in the inform
anneies.

The
commercial and industrial locations. The requirements cannot, however, cover extreme g
which can occur with an extremely dow probability. Changes in the EMC behaviour of a
as a fesult of fault conditions, are not taken into account.

The ¢bject of this document'is to define the limits and test methods for a PDS according
intended use. This document includes immunity requirements and requirements for ele
magnetic emissions.

ADJUSTABLE SPEED ELECTRICAL POWER
DRIVE SYSTEMS -

Part 3: EMC requirements and specific test methods

Scope

ower
ives.
-line

strial
n be
5 are
e the
o be
ectly
and

bom a
The
ative

requirements have been selected~so as to ensure EMC for PDSs at residential,

ases
PDS,

to its
ctro-

NOTE[1 Emission ean\cause interference in other electronic equipment (for example radio receivers, meauring

and computing deyices). Immunity is meant to protect the equipment from continuous and transient conducte
radiat¢d disturbances including electrostatic discharges. The emission and immunity requirements are bal
againgt each.othier and against the actual environment of the PDS.

This doeument defines the minimum EMC requirements for a PDS.

d and
lanced

Immunity requirements are given according to the environment classification. Low-frequency
emission requirements are given according to the nature of the supply network. High-
frequency emission requirements are given according to four categories of intended use,
which cover both environment and bringing into operation.

As a product standard, this document can be used for the assessment of PDS. It can also be
used for the assessment of complete drive modules (CDM) or basic drive modules (BDM)
(see 3.1), which can be marketed separately.

This document contains

conformity assessment requirements for products to be placed on the market, and
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e recommended engineering practice (see 6.5) for cases where high frequency emissions
cannot be measured before the equipment is placed on the market (such PDSs are
defined in 3.2.7 as category C4).

NOTE 2 The first edition of IEC 61800-3 identified that the intended use could require engineering for putting into
service. This was done by the “restricted distribution mode”. Equipment formerly identified under “restricted
distribution mode” is now covered by categories C2 and C4 (see 3.2).

This document is intended as a complete EMC product standard for the EMC conformity
assessment of products of categories C1, C2 and C3, when placing them on the market (see
definitions 3.2.4 to 3.2.6).

Radli_t frequency emission of equipment of category C4 is only assessed when it is installed in
its intended location. It is therefore treated as a fixed installation, for which this document
giveqd rules of engineering practice in 6.5 and Annex E, although it gives no defined-emigsion
limitd (except in case of complaint).

This document does not specify any safety requirements for the equipment such as protection
against electric shocks, insulation co-ordination and related dielectric tests; unsafe operjtion,
or umpsafe consequences of a failure. It also does not cover safetyand functional slafety
impligations of electromagnetic phenomena.

In sgecial cases, when highly susceptible apparatus is being-dsed in proximity, addifional
mitigation measures can have to be employed to reduce the ‘electromagnetic emission fyrther
below the specified levels or additional countermeasufes can have to be employed to
increpse the immunity of the highly susceptible apparatis.

As ah EMC product standard for PDSs, this document takes precedence over all aspegts of
the deneric standards, and no additional EMC*{ests are performed. If a PDS is includgd as

part pf equipment covered by a separate EMC product standard, the EMC standard df the
comgplete equipment applies.

2 Normative references

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

IEC 60146-1-1:2009, Semiconductor convertors — General requirements and line commuated
convertors — Part 1-1: Specifications of basic requirements

IEC §1000-2-2:2002, Electromagnetic compatibility (EMC) - Part 2-2: Environmept -
Compatibility levels for low-frequency conducted disturbances and signalling in public| low-

henower sunply systems
volta g L P A

IEC 61000-2-4:2002, Electromagnetic compatibility (EMC) - Part 2-4: Environment -
Compatibility levels in industrial plants for low-frequency conducted disturbances

IEC 61000-3-2:2014, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for
harmonic current emissions (equipment input current < 16 A per phase)

IEC 61000-3-3:2013, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems, for
equipment with rated current < 16 A per phase and not subject to conditional connection
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IEC 61000-3-11:2000, Electromagnetic compatibility (EMC) — Part 3-11: Limits — Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems -
Equipment with rated current <75 A and subject to conditional connection

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

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

IEC $1000-4-3:2006, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measure-
ment{techniques — Radiated, radio-frequency, electromagnetic field immunity test

IEC §1000-4-4:2012, Electromagnetic compatibility (EMC) - Part 4-4;~ Testing | and
meagurement techniques — Electrical fast transient/burst immunity test

IEC 61000-4-5:2014, Electromagnetic compatibility (EMC) - PRart'4-5: Testing | and
meagurement techniques — Surge immunity test

IEC 61000-4-6:2013, Electromagnetic compatibility (EMC) — Part 4-6: Testing and meaplure-
menfltechniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61000-4-8:2009, Electromagnetic compatibility (EMC) — Part 4-8: Testing and measure-
ment{techniques — Power frequency magnetic field immunity test

IEC 61000-4-11:2004, Electromagnetic compatibility (EMC) — Part 4-11: Testing| and
meagurement techniques — Voltage dips, shert interruptions and voltage variations immunity
tests

IEC §1000-4-13:2002, Electromagnetic compatibility (EMC) - Part 4-13: Testing| and
meagurement techniques — Harmehics and interharmonics including mains signalling at a.c.
powdr port, low frequency immunity tests

IEC 61000-4-34:2005, Electromagnetic compatibility (EMC) — Part 4-34: Testing| and
meagurement techniques'— Voltage dips, short interruptions and voltage variations immunity
tests|for equipment with) input current more than 16 A per phase

CISHR 11:2015; ndustrial, scientific and medical equipment — Radio-frequency disturbance
chargcteristies\= Limits and methods of measurement
CISAR 11:20:45/AMD1:2016

CISPR\16-1-2:2014, Specification for radio disturbance and immunity measuring appatatus
and methods — Part 1-2: Radio disturbance and immunity measuring apparatus — Coupling
devices for conducted disturbance measurements

CISPR 16-1-4:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas
and test sites for radiated disturbance measurements

CISPR 22, Information technology equipment — Radio disturbance characteristics — Limits and
methods of measurement

CISPR 32:2015, Electromagnetic compatibility of multimedia equipment — Emission
requirements
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

3.1 Installation and its content

Figude 1 shows the major parts of the PDS as defined below and the rest of the installation.

=}

Installation or part of installation

Power drive system (PDS)

CDM (complete drive module)

System control and)ysequencing

BDM (basic'drive module)
Control
converter
and protection

Feeding section

Field supply
dynamic braking

Auxiliaries, others ...

Motor and sensors

Driven equipment

IEC

Figure 1 — Installation and its content
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3.1.1

basic drive module

BDM

electronic power converter and related control, connected between an electric supply and a
motor

Note 1 to entry: The BDM is capable of transmitting power from the electric supply to the motor and can be
capable of transmitting power from the motor to the electric supply. The BDM controls some or all of the following
aspects of power transmitted to the motor and motor output:

. current;

o frequency;

e vgltage;
e speed;

e tdrque;

e fdrce;

e position.

3.1.2
complete drive module
CDM
drive]l module consisting of, but not limited to, the BDM and, éxtensions such as protection
devides, transformers and auxiliaries

Note 1 to entry: The motor and the sensors which are mechanically’coupled to the motor shaft are not included.

3.1.3
power drive system
PDS
systgm consisting of one or more complete drive module(s) (CDM) and a motor or motors

Note 1 to entry: Any sensors which are mechanigally coupled to the motor shaft are also part of the PDS; hgwever,
the drjven equipment is not included.

3.1.
installation
equigment or equipments which' include at least both the PDS and the driven equipment

3.1.5
small size equipment
equigment, eithen positioned on a table top, wall-mounted or standing on the floor which,
inclugling its caples and possible auxiliary equipment, fits in an imaginary cylindrical test
volume of maximum 1,2 m in diameter and 1,5 m height (to ground plane)

Note 1 to entry: This definition has been modified to apply to measurement of radiated emissions from the
enclogureport.

[SOURCE: CISPR 11:2015, 3.17, modified — The expression "wall-mounted" and "and
possible auxiliary equipment" have been added, as well as the note to entry.]

3.1.6
wall-mounted equipment
CDM/BDM intended to be mounted on a vertical surface

3.2 Intended use

3.2.1
EMC plan
procedure for the EMC assessment when installing category C4 (see 3.2.7) equipment
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first environment
environment that includes residential premises and establishments directly connected without
intermediate transformers to a low-voltage power supply network which supplies buildings

used

Note 1 to entry:

for residential purposes

2017

Houses, apartments, commercial premises or offices in a residential building are examples of first

environment locations.

3.2.3

second environment

environment that includes all establishments other than those directly connected to a low-
voltape power supply network which supplies buildings used for residential purposes

Note ] to entry: Industrial areas or technical areas of any building fed from a dedicated transformer are exgmples
of secpnd environment locations.

3.2.4

PDS |of category C1

PDS |of rated voltage less than 1 000 V, intended for use in the first enyironment

3.2.5

PDS |of category C2

PDS |of rated voltage less than 1 000 V, which is neither ‘a‘plug in device nor a moyable
devide and, when used in the first environment, is intended, to be installed and commissipned
only py a professional

Note 1 to entry: A professional is a person or an organisation having necessary skills in installing pgnd/or
commjssioning power drive systems, including their EMC aspeets.

3.2.6

PDS |of category C3

PDS |of rated voltage less than 1 000 V;intended for use in the second environment angd not
intended for use in the first environment

3.2.7

PDS |of category C4

PDS |of rated voltage equal te’ or above 1 000 V, or rated current equal to or above 400 A, or
intended for use in complex'systems in the second environment

3.3 Location, ports and interfaces

3.3.1

in situ

<testp logation where the equipment is installed for its normal use by the end user

3.3.2

test site

<radiation> site meeting requirements necessary for correctly measuring, under defined
conditions, electromagnetic fields emitted by a device under test

[SOURCE: IEC 60050-161:1990, 161-04-28]

3.3.3
port

access to a device or network where electromagnetic energy or signals may be supplied or
received or where the device or network variables may be observed or measured

Note 1 to entry: Figure 2 illustrates the diversity of the ports of a PDS.
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[SOURCE: IEC 60050-131:2002, 131-12-60, modified — The note to entry has been replaced
by a new one.]

3.34
enclosure port
physical boundary of the PDS through which electromagnetic fields may radiate or impinge

Note 1 to entry: See Figure 2.

3.3.5
port for process measurement and control
inputfoUutput (I7O) port for a conductor or cable which connects the process to the PDS

3.3.6]
power port
port which connects the PDS to the power supply, which also feeds other equipment

3.3.7
main power port
powdr port which feeds the PDS for only the power which, after electrical power conversign, is
converted by the motor into mechanical power

3.3.8
auxiliary power port
powdr port which feeds only the auxiliaries of the PDSsincluding the field circuit, if any

3.3.9
signal interface
inputfoutput (I/0) connection for a line connecting the basic drive module or complete [drive
modyle (BDM/CDM) to another part of the PDS

Note 1 to entry: See Figure 2.

Enclosure port

Process
measurement gnd
P control port
S: or phkt of Signal interface|Other part of =/
E P o CDM or PDS
3 com |f
Main gower port : 1
|l | — Power interface
" | Eomn N L
Auxiligry power port - I/ M 1— |k
af |/ |/— =
= Earth port IEC

Figure 2 — Internal interfaces of the PDS and examples of ports

3.3.10
power interface
connections needed for the distribution of electrical power

Note 1 to entry: See Figure 3 for an example of power interface and Clause E.1 for an explanation.

Note 2 to entry: The power interfaces of the PDS may have different forms and extensions:
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Within the CDM/BDM

A power interface can be the connection for distribution of electrical power from one part of the BDM/CDM to
another part of the BDM/CDM. One power interface can be common to different components of the PDS. For
examples, see Figure 3 and Figure 4.

Figure 3 shows a power interface which distributes power from an input converter (where power is converted
from the mains to another type, here DC power) to output inverters (where power is converted from an
intermediate form (here DC) to another type (here AC) which can be directly applied to AC motors).

Figure 4 shows a power interface which distributes power from the secondary of a transformer (which is part of
the CDM) to individual BDMs.

Within the PDS

Note that the connection between the inverter and the motor or the motors is also a power interface. It is the
la i i i L

POWER PORT POWER INTERFACES
|\ N\
/ / \ \ MULTI-MOTOR PDS
BDM 1
BDM 2
de. BDM 3 BDM 4

Common to
all BDMs

IEC

Figure 3 — Power interfaces of a PDS with common DC BUS
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POWER PORT

POWER INTERFACES

/ /|
MULTI-MOTOR PDS

CDM 1 CDM 2 / /
| CDM 3
e CDM 4
|

Gnmon to

all BDMs
BDM 1 BDM 2 BDM 3
I 7 7 /
| / /
¥ ¥

IEC

Figure 4 — Power interfaces with.common input transformer

3.3.111
point of common coupling
PCC
pointlon a public power supply network, electrically nearest to a particular load, at which pther
loadg are, or could be, connected

[SOYRCE: IEC 61000-2-4:2002; 3.1.6]

3.3.12
in-plant point of coupling
IPC
pointfon a network inside a system or an installation, electrically nearest to a particular Joad,
at whlich otheroeads are, or could be, connected

Note 1 toreniry: The IPC is usually the point for which electromagnetic compatibility is to be considered.

[SOURCETTEC ©61000-2-472002, 3-1.7]

3.3.13

point of coupling

PC

point on a network which can be a public power supply network or a network inside a system
or an installation

3.4 Components of the PDS

3.41

converter

<of the BDM> unit which changes the form of electrical power supplied by the mains to the
form fed to the motor(s) by changing one or more of the voltage, current and/or frequency
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Note 1 to entry: The converter comprises electronic commutating devices and their associated commutation
circuits. It is controlled by transistors or thyristors or any other power switching semiconductor devices.

Note 2 to entry: The converter can be line-commutated, load-commutated or self-commutated and can consist, for
example, of one or more rectifiers or inverters.

3.4.2

motor

electric motor

electric machine intended to transform electric energy into mechanical energy

Note 1 to entry: For the purposes of this document, the motor includes all sensors which are mounted on it and

which are—relevant for Qu'r_\'r_\nrfing the r\'r_\nrnfing mode and inh:\rnr-finc with-a CDM

[SOURCE: IEC 60050:2001, 151-13-41, modified — The note has been added.]

3.43
sub-component
phys|cal piece of equipment which can be operated separately with an,.inhtrinsic funlction
defined by the manufacturer

Note 1 to entry: For the purpose of this document, a component of the PDS can/be divided into sub-compongnts.

Note 7 to entry: As an example, the control unit of a CDM may be a sub-component.
3.5 | Phenomena-related definitions

3.5.1
elecfromagnetic compatibility
EMC
ability of an equipment or system to function satisfactorily in its electromagnetic environment
withqut introducing intolerable electromagneticidisturbances to anything in that environment

[SOYRCE: IEC 60050-161:1990, 161-01207]

3.5.2
totallharmonic current
THC
total RMS value of the harmonic current components of orders 2 to 40

40 >
rnc= |3 2
h=2

[SOURCE:<IEC 61000-3-12:2011, 3.1]

3.5.3
total harmonic distortion

THD

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

Note 1 to entry: The harmonic content depends on the choice of the fundamental component. If it is not clear from
the context which one is used, an indication should be given.

Note 2 to entry: The total harmonic distortion can be restricted to a certain harmonic order (recommended
notation "H"), which is 40 for the purpose of this document.
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where, in addition to the notes to entry of B.2.2.7,

Q1 ist

he RMS value of the fundamental component.

[SOURCE: IEC 60050-551:2001, 551-20-13, modified — The term "total harmonic ratio" has
been deleted, the formula has been added and Note 1 to entry has been rephrased. In Note 2
to entry, the sentence "This is to be stated" has been deleted and the part "(recommended

notat

3.5.4
volta
differ

ion "H"), which is 40 for the purpose of this document" has been added.]

ge deviation
ence between the voltage at a given instant and the declared supply voltage

[SOU

3.5.5

varia
defin

Note
should

[sou

3.5.6

voltage fluctuation

seriep of voltage changes or a continuous variationof the RMS or peak value of the volta
Note 1 to entry: Whether the RMS or peak value is~chosen depends upon the application, and which ig
should be specified.

[SOYRCE: IEC 60050-161:1990, 161-08<05]

3.5.7

voltgge dip

sudden reduction of the vobltage at a point in an electrical system, followed by vo

reco

[SOU
Sagll

volt1ge change

RCE: IEC 60050-614:2016, 614-01-04]

ion of the RMS or peak value of a voltage between two consecutive‘levels sustaing
te but unspecified durations

to entry: Whether the RMS or peak value is chosen depends upon thg, application, and which ig
be specified.

RCE: IEC 60050-161:1990, 161-08-01]

ery after a short period of time, from a few cycles to a few seconds

RCE: IEC 60050-614:2016, 614-01-08, modified — The second preferred term "vo
has been deleted. In the definition, the words "electric power system" has been rep

by "e
to a

4

lectrical system", and the words "from a few periods of the sinusoidal wave of the vo
ew secands" by "from a few cycles to a few seconds”.]

ommon requirements

d for

used

he

used

Itage

Itage
aced
Itage

4.1

General conditions

All phenomena, from the emission or immunity point of view, shall be considered individually.
The limits are given for conditions which do not consider the cumulative effects of different

phen

omena.

For a realistic assessment of the EMC situation, a typical configuration shall be chosen.

The application of tests for evaluation of immunity depends on the particular PDS, its
configuration, its ports, its technology and its operating conditions (see annexes).
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4.2 Tests
4.21 Conditions

IEC 60146-1-1 and IEC 61800-2 distinguish between type test, routine test and special test.
Unless otherwise stated, all the tests specified in this document are type tests only. The
equipment shall meet the EMC requirements under all normal operating conditions as stated
in the operating manual of the equipment when measured by the test methods specified in
this document.

NOTE 1 Due to local radio transmission legislation, some immunity tests can be subject to conditions which
restrict the choice of location where they can be performed.

If negessary, safeguards shall be taken against any unintended effects on the total prgcess
that may result from an equipment failure while an EMC test is being conducted.

For the tests, the CDM shall be connected to a motor recommended by the mranufactureq with
a caple and earthing rules defined by the manufacturer. Alternatively, a’passive test|load
(resigtive, or resistive and inductive) may be applied (for example, for evaluation of the| low-
frequency emissions), if permitted by the manufacturer.

NOTE|2 For high frequency emissions, passive test load can be unsuitable_to“simulate differential and common
mode [capacitances and couplings typically present.

The Iescription of the tests, the test methods, the characteristics of the tests and the tes} set-
ups are given in the referred standards and are not repeated here. If, however, modifications
or additional requirements and information or specific'test methods are needed for pragtical
implgmentation and application of the tests, then théy are given in this document.

A sufficient number of terminals shall be selected to simulate actual operating conditiong and
to ensure that all relevant types of termination are covered. The tests shall be carried qut at
the rated supply voltage and in a reproducible manner.

4.2.2 Test report

The |test results shall be documented in a test report. The report shall clearly| and
unambiguously present all-‘relevant information for reproducible testing. A funcfional
descfiption and detailed acceptance criteria provided by the manufacturer shall be notgd in
the test report.

Within the test report; the chosen test arrangements shall be justified. Whenever a subclause
of this documentieffers alternative test methods, the chosen test method shall be stated ih the
test leport. Thedinformation on test methods showed in Table 1 shall be given:
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Table 1 — Subclauses containing alternative test methods

Subclause Test methods
5.1.2 Type of test:
— general system performance test; or
— special system performance test; or
— sub-component performance test.
5.2 and Immunity verification by:
sub- — calculation; or
clauses - -
— simulation; or
— test.
5.3.2 Fast transient burst for equipment = 100 A:
— direct coupling; or
— capacitive clamp.
5.3.3 Fast transient burst for equipment = 100 A:
— direct coupling; or
— capacitive clamp.
5.3.4 Immunity against electromagnetic fields:
— PDS test; or
— sub-components test.
6.2.1 Emission verification by:
— calculation; or
— simulation; or
— test.
6.3.1.1 Test on a test site or in situ
6.3.1.2 Conducted emission tests:
— with CISPR artificial mains netwark; or
— with high impedance voltage ptobe.
6.3.1.3.3 Radiated emissions: measuftement distance
4.3 | Documentation for.the user
The setting of limits and the structure of this document are based on the understanding that
the |nstaller and User are responsible for following the EMC recommendations of the
manufacturer.
The manufacturer shall supply the documentation necessary for the correct installation| of a
BDM| CDM- or PDS into a typical system or process in the intended environment.|This
s the
5 not

NOTE 1 From the emission point of view, a PDS (or BDM or CDM) with a lower emission category, such as C1,
can always be used instead of one with a higher emission category, such as C3.

NOTE 2 Emission categories are independent of immunity. For example, a statement that a PDS has emission
category C1 does not imply that the immunity is only suitable for the first environment.

If special EMC measures are necessary to fulfil the required limits, these shall be clearly
stated in the user documentation. Where relevant, these can include the following:

e maximum and minimum acceptable supply network impedance;

e the use of shielded or special cables (power and/or control);

e cable shield connection requirements;
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e maximum permissible cable length;
e cable segregation;
e the use of external devices such as filters;

e the correct bonding to functional earth.

If different devices or connection requirements apply in different environments, this shall also
be stated.

A list of auxiliary equipment (for example, options or enhancements) that can be added to the
PDS, _and which complies with the immunity and/or emission requirements shall be made
available.

This [information may also be covered in some part of the test report to clarify the|final
recolnmended arrangement.

5 Immunity requirements

5.1 | General conditions
511 Acceptance criteria (performance criteria)

The system performance relates to the functions of the BDM; or of the CDM, or of the POS as
a whole that are declared by the manufacturer.

The $ub-component performance relates to the functions of the sub-components of the BDM,
or ofthe CDM, or of the PDS that are declared by.the manufacturer.

The lsub-component performance may be“fested as an alternative instead of the system
perfgrmance to show immunity (see 5.1.2). In the test report, it shall be stated which tesf has
been|applied.

Althgugh this document allows telsts on sub-components (components of CDM/BDM), it is not
intended to be used for the separate conformity assessment of sub-components.

The pcceptance criteria_shall be used to check the performance of a PDS against external
disturbances. From the)'EMC point of view, any installation according to Figure 1 shgll be
running properly. Since a PDS is part of the functional sequence of a larger process than the
PDS |itself, the effect on this process caused by changes in the performance of the PDPS is
hard |to forecast~However, this important aspect for large systems should be covered hjy an
EMC|plan (see’Annex E).

The main functions of a PDS are energy conversion between the electrical form anji the
mechari ; i i i P

Table 2 classifies the effects of a given disturbance into three acceptance (performance)
criteria: A, B and C, both for the PDS and for its sub-components.

Subclauses 5.2 and 5.3 state the acceptance criterion required for each phenomenon.

5.1.2 Selection of performance type
5.1.2.1 General or special system performance
The “general system performance” item from Table 2 shall be defined in accordance with the

special application and typical configuration of the PDS. It is the responsibility of the
manufacturer to select these items.


https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

IEC 61800-3:2017 © IEC 2017 - 23 -

The special system performance, torque-generating behaviour, shall be tested only in cases
where it is explicitly defined in the product specification. In this case, the torque generating
performance can be directly or indirectly tested. The direct test uses an EMC immune
torquemeter to measure torque disturbances.

Torque performance can be defined through the ability to keep current or speed constant,
within specified tolerances, when a disturbance is applied (see also 5.1.3). Therefore, a test
of current performance can be used as an indirect test of torque-generating performance. For
EMC assessment, and unless otherwise agreed, the output current of the power converter is
deemed to represent torque with sufficient accuracy. As an alternative, the indirect test can
use speed performance provided the total inertia is specified.

5.1.202 Sub-component performance

Testihg of sub-components with sub-component performance should be used in Cases when a
PDS [cannot be put into service on a test site because of limitation on the physical size qf the
PDS) on the current or rated supply capability or load conditions. In any casey the test set-up
shalll be immune to the highest level of disturbance applied to the PDS or to the |sub-
component under test.

Testihg of information processing and sensing functions, including@ptional accessories iffany,
shall|be performed only in cases where the relevant ports or interfaces are available gt the
PDS| Testing of the sub-component performance, according.fe’ Table 2, where the fundtions
exist| is sufficient to determine the compliance with this doetment.
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Table 2 — Criteria to prove the acceptance of a PDS
against electromagnetic disturbances

Item

Acceptance (performance) criterion 2

A

B

(]

General system
performance

No noticeable changes of
the operating characteristic

Operating as intended,
within specified tolerance

Noticeable changes (visible
or audible) of the operating
characteristic

Self-recoverable

Shutdown, changes in
operating characteristics

Triggering of protective
devices °

Not self-recoverable

Spec|al system
performance

Torqg
beha

e generating
iour

Torque deviation within
specified tolerances

Temporary torque deviation
outside specified tolerances

Self-recoverable

Loss of torque

Not self-recoverable

Sub-¢omponent
performance

Operation of power
electfonics and
driving circuits

No malfunction of a power
semiconductor

Temporary malfunction which
cannot cause unintended
shut-down of the PDS

Shut-down, triggering o
protective devices P

No-loss of stored progrgm
No’loss of user program
No loss of settings

Not self-recoverable

Sub-¢omponent
performance

Information
procgssing and
sensing functions

Undisturbed communication
and data exchange to
external devices

Temporarily disturbed
communication, but,no error
reports of the ihternal or
external devices which could
cause shut;down

Errors in communication,
loss of data and informgtion

No loss of stored progrgm,
no loss of user program

No loss of settings.

Not self-recoverable

Sub-¢omponent
performance

Opergtion of
displays and control
panels

No changes of visible
display information, only
slight light intensity
fluctuation of LEDs, or
slight movement of
characters

Visible temporary changes of
information, undesired LED
illumination

Shut down, permanent Ipss
of information, or
unpermitted operating njode,
obviously wrong display
information

No loss of stored progrdm,
no loss of user program

No loss of settings

a8  Apceptance criteria A, B, G, -
tHe logical state "STOPRED" which can make the motor run.

b Akceptance criterion. G —

False starts are not acceptable. A false start is an unintended change|from

The function can be restored by operator intervention (manual reset). Opening of
fyses is allowed.for line-commutated converters operating in inverting mode.

5.1.3

The

Conditions during the test

din

the test report.

ad shall he within the manufacturer’'s cpnr\ifir\nfinn and the actual load shall be notl

Testing the torque generating behaviour as well as the information processing and sensing
functions requires special test equipment with adapted immunity against the parasitic coupling
of the test disturbance. It can only be used if the immunity of the test set-up can be proven by
reference measurements. The evaluation of the torque disturbance can be performed by a
torque transducer or by measurement or calculation of the torque generating current or other
indirect techniques; an adapted and immune load shall be available at the test-site.

For testing the performance of the information processing or sensing function, suitable
equipment shall be available to simulate the data communication or data evaluation. This
equipment shall have sufficient immunity to operate correctly during the test.
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Since the motor has been tested by its manufacturer according to the relevant standards, the
motor component of the PDS, with exception of the sensors, does not need any additional
EMC immunity test. Therefore, while the motor is connected to the BDM/CDM for the duration
of the test, EMC immunity tests on the motor itself are not required.

The tests shall be applied to the relevant ports where they exist, including those of optional
accessories if any. They shall be conducted in a well-defined and reproducible manner on a
port-by-port basis. However, if several process measurement and control ports or signal
interfaces have the same physical configuration (layout) it is sufficient to test one port or
interface of that type.

In 5 and 5.3 the minimum requirements, tests and acceptance criteria are stated.| The
acceptance criteria refer to 5.1.1.

5.2 | Basic immunity requirements — low-frequency disturbances
5.2.1 Common principle

The fequirements in this subclause shall be used for designing the immunity of a PDS against
low-frequency disturbances.

For the immunity requirements, the manufacturer may demonstrate compliance using gither
testing, calculation or simulation, and shall state the chosenwerification method in thg test
repoft. Unless otherwise stated, it is sufficient to demaonstrate that the power circuif will
comply with the required acceptance criterion and that the ratings of input circuits (filters,|etc.)
will not be exceeded.

NOTE[ 1 A number of these phenomena are not required_by the generic standards, but are important fpr the
dimengioning of the power circuit of the PDS. It is difficult to test immunity against many of these phenomena,
particlilarly when the input current exceeds 16 A orsthe“supply voltage exceeds 400 V. However, experience of
many |years shows that, provided the power circuit ‘operates correctly, the control part and the auxiliari¢s are
generglly immune. This is due to natural decoupling'that exists in the PDS. Examples of such decoupling afe that
provided by power supplies and the time constants' of auxiliary processes such as fans.

The [compliance with the requirements of this document shall be stated in the |user
documentation. Where compliance is demonstrated by tests, the relevant basic standards in
the IEC 61000-4 series may be considered (see Clause B.7).

NOTE|2 The electrical service.conditions for the main and the auxiliary supply if any, are already defined|in the
PDS service conditions inthe relevant standard IEC 61800-1 or IEC 61800-2 or IEC 61800-4. These sfervice
conditjons include frequency’ variations, frequency rate of change, voltage variations, voltage fluctuations, vpltage
unbalance, harmonicsy,and’commutation notches.

5.2.2 Harmohics and commutation notches/voltage distortion

5.2.211 Low voltage PDSs (voltage distortion)

The BDM, CDM or PDS shall sustain the immunity levels while meeting the performiance
criteria given in Table 3, Table 4 and Table 5. It shall be verified that these levels will not
cause the ratings for the input circuits (filters, etc.) to be exceeded. Analysis of commutation
notches shall be in the time domain. The manufacturer may verify immunity by calculation,
simulation, or test, according to 5.2.1, and shall state the chosen verification method in the
test report. If the chosen verification method is by test, it shall be performed using the PDS
with the motor connected. For equipment rated below 16 A per phase, the test method of
IEC 61000-4-13 can be applied.

NOTE Frequency domain analysis of the contribution from notches to the total harmonic distortion will not fully
account for harmful effects (see Clause B.1).
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Table 3 — Minimum immunity requirements for total harmonic distortion
on power ports of low voltage PDSs

First environment Second environment Performance
Phenomenon Reference Level Reference Level (acceptance)
document document criterion
Harmonics — IEC 61000-2-2 | 8 % IEC 61000-2-4 | 12 % A
THD class 3

on power ports of low voltage PDSs
Phehomenon First environment Second environment Performance
Hgrmonic Reference Reference (acceptance)
prder document Level document Level criterion

2 IEC 61000-4-13 3% IEC 61000-4-13 5 % A
3 class 2 3 % class 3 PR Y
4 1,5 % 2%
5 9 % 12 %

Evdn orders No requirement 1,5 %

6 fh<50

7 7.5 % 10 %
9 2,5% 4 %
11 5% 7%
13 4,5 % 7%
15 No requirement 3%
17 3% 6 %
19 2 % 6 %
21 No requirement 2%
23 2% 6 %
25 2% 6 %
27 No requirement 2%
29 1,5 % 5%
31 1,5 % 3 %
33 No requirement 2%
35 1,5 % 3 %
37 1,5 % 3 %
39 No requirement 2%

NOTE 1 For individual harmonic orders in the first environment, levels are from Class 2 in IEC 61000-4-13
(these are approximately 1,5 times the compatibility levels of IEC 61000-2-4).

NOTE 2 For individual harmonic orders in the second environment, levels are from Class 3 in [IEC 61000-4-13
(these are approximately 1,5 times the compatibility levels of IEC 61000-2-4).
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Table 5 — Minimum immunity requirements for commutation notches
on power ports of low voltage PDSs

First environment Second environment Performance
Phenomenon Reference Reference (acceptance)
document Level document Level criterion
Commutation (None) No requirement IEC 60146-1-1 | Depth = 40 %, A
notches Class B total area = 250 in
% degrees

5.2.212 PDSs of rated voltage above 1 000 V (voltage distortion)
5.2.2.2.1 Main power port
The PDS or BDM/CDM shall sustain the immunity levels given in Table 6. It shall be verified

that
Anal
immy

hese levels will not cause the ratings for the input circuits (filters, etc.))to’ be exceg¢ded.

sis of commutation notches shall be in the time domain. The mantfacturer may

erify

nity by calculation, simulation, or test, according to 5.2.1, and_shall state the chlosen

verification method in the test report.
NOTE| Frequency domain analysis of notches' contribution to total harmonjC distortion will not obviously feveal
certain types of harmful effects (see Clause B.1).
Taple 6 — Minimum immunity requirements for harmonjcs and commutation notches/
voltage distortion on main power ports of PDSs.of rated voltage above 1 000 V
Phenomenon Reference document Level Performance
(accepta}ce)
criterign
Harnponics (THD and individual | IEC 61000-2-4 Value of the compatibility level A
harmlonic orders) Class 3
Harnponics IEC 61000-2-4 1,5 times the value of the A
shor{ term (< 15 s) Class 2 permanent compatibility levels
Commutation notches IEC.60146-1-1 Depth = 40% U, (class B) A
Area @ = 125 in per cent
degrees (class C)
a8 (lass C of IEC 60146-1-1,is appropriate for the primary side of the transformer.

5.2.2

The

envirpnmenixgiven in Table 3, Table 4 and Table 5 while meeting the performance crite

those
circu

.2.2 Auxiliary power port
auxiliary \power ports of PDSs shall sustain the immunity levels for the se

tables. It shall be verified that these levels will not cause the ratings for the

cond
ria in
input
time

ts.(filters, etc.) to be exceeded. Analysis of commutation notches shall be in the

domain. The manufacturer may verify immunity by calculation, simulation, or test, according to

5.2.1

, and shall state the chosen verification method in the test report.

NOTE Frequency domain analysis of notches' contribution to total harmonic distortion will not obviously reveal
certain types of harmful effects (see Clause B.1).

5.2.3
5.2.3

Voltage deviations, dips and short interruptions

A Low voltage PDSs (voltage deviations)

The PDS or BDM/CDM shall sustain the immunity levels given in Table 7. The manufacturer
may verify immunity by calculation, simulation, or test, according to 5.2.1, and shall state the
chosen verification method in the test report.
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and short interruptions on power ports of low voltage PDSs

First environment Second environment Perfor-
mance
Phenomenon Reference Level Reference document Level (accep-
document tance)
criterion
Voltage IEC 61000-2-2 +10 % @ IEC 61000-2-4 +10 % @ AP
deviations Class 2
(>60s)
Voltage dips © [IEC 61000-4-11 Volts Cycles [IEC 61000-4-11 Volts Cycles cd
Class 2 remaining Class 3 remaining
or 0 % 1 or 0 % 1
IEC 61000-4-34 |70 % 25/30 © | IEC 61000-4-34 40 % 10/121°
Class 2 Class 3°
70 % 25130 ¢
80 % 250/300
C
Shor IEC 61000-4-11 Volts Cycles [IEC 61000-4-11 Volts Cycles gd
interrpptions Class 2 remaining Class 3 remaining
or 0 % 250/ or 0% 250/300°
300 ¢
IEC 61000-4-34 IEC 61000-4-34
Class 2f Class 3'

i)

o

r three phase PDS requires increasing or reducing the voltage ‘of all three phases simultaneously.

duced, because they are voltage dependent.
'y cycles" means "x cycles for 50 Hz test" and "y cycles“for 60 Hz test".

oltage deviation" is a supply voltage variation from the nominal supply voltage. Testing of voltage devigtions

hen the voltage is below nominal, the maximum output power ratings — speed and/or torque — may be

4 Opening of fuses is allowed for line-commutated convérters operating in inverting mode.

¢  Ppwer ports with current rating >75 A: the method of the voltage drop test according to 7{5 of
IHC 61400-21:2008 may be used.

f 1HC 61000-4-11 applies to equipment rated,less than or equal to 16 A and IEC 61000-4-34 to equipment|rated
alpove 16 A.

A PDS is used for energy conversion, and a voltage dip represents a loss of available engrgy.

It cap be necessary to_ trip' for safety reasons, even during a voltage dip of 30 % to 0 %

ampljtude and 0,3 s daration.

NOTE| 1 A decreasing. input voltage, even with few milliseconds duration, can result in blowing of fuses| when

applief to a line commutated thyristor converter operating under regeneration mode.

NOTE
knowl
power|

demand (including losses) on the PDS is higher than the available power.

2 TheXeffect of a voltage dip (energy reduction) on the process cannot be defined without dgtailed
bdge(of the process itself. This effect is a system and rating aspect, and will generally be greatest when the

Where it is possible and not dangerous, the behaviour of the PDS during short interruptions
may be verified by switching off and on the mains supply during the standard operating

cond

itions of the PDS (see B.6.1).

The manufacturer shall state in the user documentation the degradation of performance
resulting from voltage dips or short interruptions.

NOTE

3 Improvements to the immunity (use of UPS, stand-by generator, derating, etc.) can result in a
considerable increase in the size and cost of the PDS and can reduce the efficiency or power factor. Operation
such as automatic restart can have safety consequences, and are not covered by this document.
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5.2.3.2 PDSs of rated voltage above 1 000 V (voltage deviations)
5.2.3.2.1 Main power port

Main power ports of PDSs shall sustain the immunity levels given in Table 8. The
manufacturer may verify immunity by calculation, simulation, or test, according to 5.2.1, and
shall state the chosen verification method in the test report.

Table 8 — Minimum immunity requirements for voltage deviations, dips and
short interruptions on main power ports of rated voltage above 1 000 V of PDSs

Performmance
Phenomenon Reference document Level (accepta}ce)
criterign
Voltgge deviations IEC 61000-2-4 +10 % Ad
excepding 1 min Class 3
Voltgge deviations IEC 61000-2-4 +10 % to —-15 % Ad
not gxceeding 1 min Class 3
Voltdge dips IEC 61000-4-34 Volts Cycles cd
remaining
0% 1
40 % 10/12 ¢
70 % 25/30 ¢
80 % 250/300 °
Short interruptions IEC 61000-4-34 Volts Cycles cd
remaining
0% 250/300 °

a8 “Voltage deviation” is a supply voltage variation-from the nominal supply voltage. Testing of voltage
eviations for three phase PDSs requires ,inereasing or reducing the voltage of all three phases
sfmultaneously.

Q.

hen considering voltage deviations, any\voltage steps shall not exceed +12 % of nominal voltage ang the
time between steps shall not be less than 2 s.

hen the voltage is below nominak- the maximum output power ratings — speed and/or torque — may be
bduced, because they are voltage-dependent.

=

b Tlypical depths and durations ‘efvoltage dips are given in IEC TR 61000-2-8.
¢ “kly cycles” means “x cycles for 50 Hz test“ and “y cycles for 60 Hz test”.

4 @pening of fuses is allowed for line-commutated converters operating in inverting mode.

The [manufaeturer shall state in the user documentation the degradation of performjance
resulting from-voltage dips or short interruptions.

5.2.3.2.2 Auxiliary power port

The auxiliary power ports of PDSs shall sustain the immunity levels given in Table 9. The
manufacturer may verify immunity by calculation, simulation, or test, and shall state the
chosen verification method in the test report.
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Table 9 — Minimum immunity requirements for voltage deviations, dips
and short interruptions on auxiliary low voltage power ports of PDSs

Performance
Phenomenon Reference document Level (acceptance)
criterion
Voltage deviations exceeding 1 min IEC 61000-2-4 +10 % A
Class 3
Voltage deviations not exceeding IEC 61000-2-4 +10 % to -15 % A
1 min Class 3
Voltage dips IEC 61000-4-11 Volts remaining Cycles C
oT
IEC 61000-4-34 P 0% 1
40 % 10/12 2
70 % 25/30 2
80 % 250/300+%
Short interruptions IEC 61000-4-11 Volts remaining Cycles C
Class 3
or 0% 2507300 @
IEC 61000-4-34
Class 3°

16 A.

/y cycles" means "x cycles for 50 Hz test" and "y cycles for 60 Hz test",

b |EC 61000-4-11 applies to equipment less or equal to 16 A and IEG.61000-4-34 applies to equipment apove

5.2.j
5.2.41

Low voltage PDSs

Voltage unbalance and frequency variations

Definlition and assessment of voltage unbalance are explained in B.5.2.
The |PDS or BDM/CDM shall comply with the immunity levels given in Table 10.[ The
manyfacturer may verify immuaity” by calculation, simulation, or test, and shall statg¢ the
chosgen verification method in.the'test report. During verification, the rated load condition|shall
be uged.
Table 10 ~~Minimum immunity requirements for voltage unbalance
and frequency variations on power ports of low voltage PDSs
Phehomenon First environment Second environment Performarice
Reference Level Reference Level (acceptante)
document document criterion
Voltgge IEC 61000-2-2 | 2 % negative IEC 61000-2-4 | 3 % negative AP
unbdlance-2 seguence Class-3 seguence
component component
Frequency IEC 61000-2-2 | +2 % IEC 61000-2-4 | £2 % A
variations
+4 % where the
supply is separated
from public supply
networks
Frequency 1 %/second +1 %l/s A
te of ch
rate of change 2 %/s where the
supply is separated
from public supply
network

b

2 Not relevant for single phase PDSs.

In case of test, use test time of 30 s £ 5 s.
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5.2.4.2

5.2.4.21

Definition and assessment of voltage unbalance are explained in B.5.2.

Main power port

-31 =

PDSs of rated voltage above 1 000 V

The PDS or BDM/CDM shall sustain the immunity levels given in Table 11. The manufacturer
may verify immunity by calculation, simulation, or test, and shall state the chosen verification
method in the test report. During verification, the rated load condition shall be used.

Table 11 — Minimum immunity requirements for voltage unbalance

and frequency variations on main power ports of rated voltage above 1 000 V-of PDSs

14 % where the supply is
separated from“public
supply networks

Phenomenon Reference document Level Performance
(acceptance)
criterion
Voltgge unbalance IEC 61000-2-4 2 % negative sequence
component
Class 2
Freqpency variations IEC 61000-2-4 +2 %

Freqpency rate of change

1 %ls

2 %Iswhere the supply is
separated from public
supply networks

5.2.4.2.2

Definlition and assessment of voltage unbalance are explained in B.5.2.

Auxiliary power port

The auxiliary power ports of RDSs shall sustain the immunity levels given in Table 12
manufacturer may verify immunity by calculation, simulation, or test, and shall state the

chosen verification methed in the test report.

Table 12 ~Minimum immunity requirements for voltage unbalance
and frequency variations on auxiliary low voltage power ports of PDSs

The

+4 % where the supply is
separated from public
supply networks

Phenomenon Reference document Level Performance
(acceptance)
criterion
Voltgge.inbalance IEC 61000-2-4 3 % negative sequence
component
Class 3 P
Frequency variations IEC 61000-2-4 2 %

5.2.5

Supply influences — Magnetic fields

Immunity tests according to IEC 61000-4-8 are not required (see Clause A.3 for explanation).
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Basic immunity requirements — High-frequency disturbances

In the following Table 13 and Table 14, the minimum immunity requirements for high-
frequency disturbance tests and acceptance criteria are stated. The acceptance criteria refer
to 5.1.1. Explanations are given in Clause A.3.

5.3.2

First environment

The levels in Table 13 shall be applied to PDSs which are intended to be used in the first

nment

envir,

If a ¢CDM/BDM is designed to have immunity according to Table 13, it shall include.a’w|

ritten

warn|ng in the instructions for use which indicates that it is not intended to bé used |n an
indugtrial installation.
Table 13 — Minimum immunity requirements for PDSs
intended for use in the first environment
. Performgnce
Port Phenomenon Basic standard Level (acceptance)
for test method o
criterign
Enclgsure port ESD (electrostatic IEC 61000-4-2 4 kv CD B
discharge)
or 8 kV AD
if CD impossible
Radio-frequency IEC 61000-4-3 80 MHz to 1 000 MHz | A
electromagnetic field,
amplitude modulated see-also 5.3.4 3 V/m
80 % AM (1 kHz)
Radio-frequency IEC 61000-4-3 1,4 GHz to 2,0 GHz A
electromagnetic field,
amplitude modulated See also 5.3.4 3 V/m
80 % AM (1 kHz)
Radio-frequency. IEC 61000-4-3 2,0 GHz to 2,7 GHz A
electromaghetic field,
amplitude modulated See also 5.3.4 1 Vim
80 % AM (1 kHz)
Powdr ports Fast-transient-burst IEC 61000-4-4 1 kV/5 kHz @ B
(excgpt auxiliary DC b
powelr ports below Surge IEC 61000-4-5 1kV® B
60 V 1,2/50 ps, 8/20 ps 2KV ¢
Conducted radio-frequency |IEC 61000-4-6 0,15 MHz to 80 MHz A
common mode
see also 5.3.4 3V
S0~ 70 ANT (T KIHZ)
Power interfaces Fast transient-burst © IEC 61000-4-4 1 kV/5 kHz B
Capacitive clamp
Ports for process Fast transient-burst © IEC 61000-4-4 0,5 kV/5 kHz B
measurement Capacitive clamp
control lines and -
Conducted radio-frequency |IEC 61000-4-6 0,15 MHz to 80 MHz A

signal interfaces

Auxiliary DC power
ports below 60 V

common mode ©

see also 5.3.4

3V
80 % AM (1 kHz)

CD: contact discharge

AD: air discharge AM: amplitude modulation
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a8 Power ports with current rating < 100 A: direct coupling using the coupling and decoupling network. Power
ports with current rating > 100 A: direct coupling or capacitive clamp without decoupling network. If the
capacitive clamp is used, test level shall be 2 kV/5 kHz. The chosen test method shall be stated in the test
report.

b Applicable only to power ports with current consumption < 63 A during light load test conditions as specified
in 5.1.3.

¢ Coupling line-to-line.
Coupling line-to-earth.

¢ Applicable only to ports or interfaces with cables whose total length according to the manufacturer's
functional specification may exceed 3 m.

5.3.3 Second environment

The levels in Table 14 shall be applied to PDSs which are intended to be usedin the seicond
envirpnment. This also applies to the low voltage ports, or the low voltage interfaces (power,
signdl) of PDSs of rated voltage above 1 000 V.

NOTE| Examples of low voltage ports and interfaces of a PDS of rated voltage above, 4 000 V are as follows:
LV englosure port enclosure of auxiliaries, control and protection;

LV poper ports LV power supply of PDS;

LV poper interfaces  auxiliary supply distribution within main components of PDS;

LV signal interfaces LV signal interfaces within main components\of PDS;

LV prqcess port signal port of the PDS.
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Table 14 — Minimum immunity requirements for PDSs
intended for use in the second environment

Basic standard Performance
Port Phenomenon Level (acceptance)
for test method Lo
criterion
Enclosure port ESD (electrostatic IEC 61000-4-2 4 kV CDor 8 kV AD B
discharge) if CD impossible
Radio-frequency IEC 61000-4-3 80 MHz to 1 000 MHz A
electromagnetic field,
amplitude modulated see also 5.3.4 10 V/m
80 % AM (1 kHz)
Radio-frequency IEC 61000-4-3 1,4 GHz to 2,0 GHz A
electromagnetic field,
amplitude modulated see also 5.3.4 3 V/m
80 % AM (1 kHz)
Radio-frequency IEC 61000-4-3 2,0 GHz to 2,7 GHz A
electromagnetic field,
amplitude modulated see also 5.3.4 1Vim
80 % AM (1,kHz)
Powef ports Fast transient-burst IEC 61000-4-4 2 kV/5 kHz @
(except auxiliary DC |Surge P IEC 61000-4-5 1ky ¢ B
powel ports below p
60 V) 1,2/50 ps, 8/20 ps 2 k\V
Conducted radio-frequency [IEC 61000-4-6 0,15 MHz to 80 MHz A
common mode ©
see also 5.3.4 10V
80 % AM (1 kHz)
Powef Interfaces Fast transient-burst © IEC 61000-4-4 2 kV/5 kHz B
Capacitive clamp
Signa] interfaces Fast transient-burst © IEC 61000-4-4 1 kV/5 kHz B
Capacitive clamp
Conducted radio-frequency |IEC 61000-4-6 0,15 MHz to 80 MHz A
common mode ©
see also 5.3.4 10V
80 % AM (1 kHz)
Ports [for process Fast transient-burst © IEC 61000-4-4 2 kV/5 kHz B
measpirement control Capacitive clamp
lines
Surge)f IEC 61000-4-5 1 kv 4f B
Auxilipry DC power
ports pelow 60 V 1,2/50 us, 8/20 us
Conducted radio-frequency [IEC 61000-4-6 0,15 MHz to 80 MHz A
common mode ©
see also 5.3.4 10V
80 % AM (1 kHz)
CD: cpntact discharge AD: air discharge AM: amplitude modulation

2  Power ports with current rating < 100 A: direct coupling using the coupling and decoupling network. Power

ports with current rating > 100 A: direct coupling or capacitive clamp without decoupling network. If the
capacitive clamp is used, the test level shall be 4 kV/5 kHz. The chosen test method shall be stated in the test
report.

Applicable only to power ports with current consumption < 63 A during light load test conditions as specified in
5.1.3.

Coupling line-to-line.

Coupling line-to-earth.

Applicable only to ports or interfaces with cables whose total length according to the manufacturer's functional
specification may exceed 3 m.

Applicable only to ports with cables whose total length according to the manufacturer's functional specification
may exceed 30 m. In the case of a shielded cable, a direct coupling to the shield is applied. This immunity
requirement does not apply to fieldbus or other signal interfaces where the use of surge protection devices is
not practical for technical reasons. The test is not required where normal functioning cannot be achieved
because of the impact of the coupling/decoupling network on the equipment under test (EUT).
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These phenomena are not relevant for application to the ports of rated insulation voltage
above 1 000 V. For simplicity, such ports are named HV ports of PDSs of rated voltage above

1000 V.

NOTE Examples of HV ports and interfaces of a PDS of rated voltage above 1 000 V are as follows:
HV enclosure port enclosure of transformer, converter section and motor;

HV power port primary side of transformer;

HV power interfaces H\/ distribution within main compaonents of PDS:

HV signal interfaces HV signal interfaces within main components of PDS.

5.3.4 Immunity against electromagnetic fields

If they

[0}
- 0
(0]
(0]

PDS is

rated voltage not more than 500 V,

rated current not more than 200 A,

total mass not more than 250 kg, and

height, width, and depth not more than 1,9 m,

the tg¢sts of IEC 61000-4-3 and IEC 61000-4-6 shall be performed (see 5.3.2 and 5.3.3).

If thq
shall

If the
of s

5.4

Whe
the
criten
numbi

Immy
unit.

PDS is larger or of higher rating than in the above paragraph, then the manufad
choose either

perform the tests of IEC 61000-4-3 and tEC 61000-4-6 on the PDS, or

turer

perform the tests of IEC 61000-4~3" and |IEC 61000-4-6 on sensitive sub-compomfents

nd state the chosen test method in\the test report.

motor is too large to be put,intdo service on a test site, the motor may be replaced by
aller size, provided this does not adversely affect the operation of the CDM/BDM.

Application of immunity requirements — Statistical aspect

choosing the acceptance level for a specific test of a PDS, it shall be understood

one

that

est result implies only a probability of performance. Depending on the accepfance

ion and thevapplication of a PDS, this probability shall be considered in specifyin
er of test\pulses or duration of the test.

nitysrequirements in 5.3 shall be verified by performing a type-test on a represent

y the

ative

The manufacturer or supplier shall ensure the EMC performance of the prody

ct is

maintained in production by using some form of quality control.

Measurement results obtained for a PDS while installed in its place of use (not on a test site)

shall

relate to that installation only.

6 Emission

6.1

General emission requirements

The measurements shall be made in the operating mode producing the largest emission in the

frequ

ency band, while being consistent with the normal application.

Table 15 summarises the requirements, according to the classification of the PDS (see 3.2).
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Table 15 — Summary of emission requirements

Category Low-frequency High-frequency Radiated emissions
Disturbance voltage Disturbance voltage
(enclosure port and others)
(power port) (power port)
Category |Product assessment Product assessment Product assessment
C1 Requirements: Conducted emission limits: Radiated emission limits:
-6.2.2, -6.4.1.1, Table 16 -6.4.1.3, Table 17
-6.2.3.10r6.2.3.2 or 6.2.3.3,
-6.2.4, Other emission requirements:
- 0.£.0 -0.4.1.4,
-6.4.1.4
Recommendations on load
conditions:
-B.2.3.3 and B.3.2
Category | Product assessment Product assessment Product asséssment
C2
Requirements: Conducted emission limits: Radiated emission limits:
-6.2.2, -6.4.1.1, Table 16 ~.6.4.1.3, Table 17
-6.2.3.10r6.2.3.2 or 6.2.3.3,
-6.2.4, Warning in the instructigpn/for | Other emission requiremgnts:
-6.2.5 use: -6.4.1.2;
-6.4.1.1 _6.41.4
Recommendations on load
conditions: Warning in the instruction for
-B.2.3.3and B.3.2 use:
-6.4.1.3
Category |Product assessment Product assessment Product assessment
C3
Requirements: Conducted emission limits: Radiated emission limits:
-6.2.2, -6.4.2.2, Table 19 -6.4.2.4, Table 20
-6.2.3.4,
-6.2.4, Warning in the instruction for | Other emission requiremgnts:
-6.2.5 use: -6.4.2.3
-6.4.2.1
Recommendations on load Warning in the instruction for
conditions! use:
- B.2.3w3)and general rules B.3.3 -6.4.2.1
and B4
Category | Engineering practice Engineering practice Engineering practice
C4
Requirements: Either Either

-6.2.2, - apply the requirements of - apply requirements of
-6.2.3.4 Category C3 above, Category C3 above,
-6.2.4,
-6.25 or or

-6.5 -6.5

Recommendations on load
conditions:

- B.2.3.3 and general rules B.3.3
and B.4



https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

IEC 61800-3:2017 © IEC 2017 - 37 -

6.2 Basic low-frequency emission limits
6.2.1 Compliance method

Compliance can be verified by calculation, simulation or test. The chosen verification method
shall be stated in the test report.

6.2.2 Commutation notches

Commutation notches are measured on the power ports using an oscilloscope (see B.1.1).
They are produced by controlled line-commutated converters.

Whete it is known that the input circuit of the PDS does not produce notches or only preduces
notches of negligible amplitude (for example diode rectifiers), emission of notches:néed not
be cansidered.

The main practical case where emission of notches should be considered-is the cage of
thyrigtor converters (line commutated). RFI filters are practical cases of equipment which can
be affected by notches. They can be overloaded or subjected to repetitive’overvoltages.

NOTE| A diode rectifier is an uncontrolled line-commutated converter, which preduces commutation notches of
negligjble amplitude. Some self-commutated converters (for example an indirect converter of the voltage gource
invert¢r type with an active front end) can produce commutation notches depending on the PWM pattern.

Where notches are to be considered, the manufacturer shall' provide the following informjation
to the¢ user:

<

blue of any decoupling reactances which are included in the PDS;

e ayailable decoupling reactances which can be-externally added for mitigation (see B.1.2).

The fecommendations of B.1.3 should be folowed.

6.2.3 Harmonics and interharmonics
6.2.3]1 Low-voltage public supply network — Equipment covered by IEC 61000-3-2

Equipment may contain one(or'several PDSs and also other loads.

When a PDS is within~the scope of IEC 61000-3-2, the requirements of that standard apply.
Howgver, when one~or more PDSs are included in equipment within the scope of
IEC $1000-3-2, the requirements of that standard apply to the complete equipment and rjot to
the individual RDS. It is the responsibility of the equipment manufacturer to defing the
vhich

When a PDS is within the scope of IEC 61000-3-12, the requirements of that standard apply.
However, when one or more PDSs are included in equipment within the scope of IEC 61000-
3-12, the requirements of that standard apply to the complete equipment and not to the
individual PDS. It is the responsibility of the equipment manufacturer to define the boundary
of the system or sub-system to which IEC 61000-3-12 applies, and the method which
demonstrates compliance of the equipment.

6.2.3.3 Low-voltage public supply network — Equipment not covered by IEC 61000-3-
2 or IEC 61000-3-12

For equipment not covered by IEC 61000-3-2 or IEC 61000-3-12 (rated current above 75 A),
recommendations may be found in Clause B.4.
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The manufacturer shall provide in the documentation of the PDS, or on request, the ratio of
the current harmonic level THC, under rated load conditions, to the RMS current on the power
port, as well as the harmonic currents up to the 40" harmonic. This may be produced by
calculation, simulation or test.

For the purpose of calculation or simulation, the applied voltage shall be assumed to have a
THD less than 1 %. The internal impedance of the network shall be assumed to be purely
inductive. If the specific location of the PDS is not known, the harmonic currents shall be
calculated assuming that the PDS is connected to a PC with the highest value of Rg| permitted
by the PDS manufacturer.

1
Rg =SS
I N

wherg
Isc |is the short circuit current at the considered PC;
I N |is the rated input current of the PDS.

If the manufacturer does not state a maximum value of Rg|, a value.0P 250 shall be assumed.
If thg specific location of the PDS is known, the supply impedance at that location shall be
used

A gtide for calculation of harmonics is given in Clause A.1 and Clause AR of
IEC TR 61000-2-6:1995. Guidelines for the summation‘of harmonics of different source$
also given in 7.4 of IEC TR 61000-2-6:1995.

Effedts of interharmonics are considered in B:4.3. Methods for calculation are given in
Annex C of IEC TR 61000-2-6:1995.

6.2.3.4 Industrial networks

If a DS is to be used in an installation which is not directly supplied from a public low voltage
netwprk, IEC 61000-3-2 and IEC 81000-3-12 are not applicable. Therefore, a reasonable
apprpach which considers the:tétal installation should be used (see Clause B.4).

NOTE| For network voltages @above 1 000 V, the total installation can be subject to rules from the utility, ysually
based|on IEC TR 61000-3-6:\These rules apply to the installation as a whole, not to individual equipment. [These
rules yisually take the existing harmonic currents and voltage distortion within the system into account. An efficient
and simplified approachlis jprovided by Table B.2.

In the case of a*PDS of rated voltage above 1 000 V, harmonic emissions from the [main
powdr port and the auxiliary power ports shall be considered separately.

6.2.41 Voltage fluctuations

6.2.4.1 Conditions

Equipment may contain one or several PDSs and also other loads which are capable of
causing voltage fluctuations.

NOTE 1 Voltage fluctuations can be caused, for instance, by frequently changing the load of a PDS, or by sub-
harmonics of slip energy recovery of asynchronous motors. Voltage fluctuations can also be caused by
interharmonics at frequencies slightly different from the fundamental or from predominant harmonics. The emission
is typically generated by cyclo-converters or current source inverters. See B.4.3 and B.6.2. Interharmonics are
covered by compatibility levels given in IEC 61000-2-4 or in IEC 61000-2-12.

NOTE 2 Voltage fluctuations are dependent on the impedance of the installation and the duty cycle of the load. In
some applications, the user can reduce voltage fluctuations by adjusting the load duty cycle by changing speed
ramp rate or using other techniques.
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Most voltage fluctuations depend upon the installation. Therefore, this system aspect should
be the responsibility of the user or of the installer. The compatibility levels given in
IEC 61000-2-4 for voltage changes should not be exceeded considering cumulative effects
from all equipment.

6.2.4.2 PDS in the scope of IEC 61000-3-3 and IEC 61000-3-11

When a PDS is within the scope of IEC 61000-3-3, the requirements of that standard apply.
However, when one or more PDSs are included in equipment within the scope of
IEC 61000-3-3, the requirements of that standard apply to the complete equipment and not to
the individual PDS.

When a PDS is within the scope of IEC 61000-3-11, the requirements of that standard Jpply.
Howgver, when one or more PDSs are included in equipment within thel{/sCople of
IEC $1000-3-11, the requirements of that standard apply to the complete equipment angd not
to the¢ individual PDS.

NOTE| Application of the voltage fluctuation limits of IEC 61000-3-3 and 61000-3-11_.s,0only possible whe¢n the
charagteristics of the load provided by the driven equipment are known. For that reason,Jonly the machine Ruilder
and/oll end user are capable of characterizing compliance with regard to the voltage fluctuation limits.

6.2.4.3 PDS not in the scope of IEC 61000-3-3 and IEC 61000-3-11

For gquipment not in the scope of IEC 61000-3-3 and IEC 63000-3-11, emissions of voltage
fluctyations are generally dependent on the loading conditions and this document cannof give
requirements.

NOTE| Local rules given by local authorities can apply to the complete installation.
6.2.5 Emissions in the frequency range from' 2 kHz to 9 kHz

In th¢ frequency range from 2 kHz to 9 kHz,\limits are not specified.

NOTE[1 IEC SC 77A is working on compatibility levels in this frequency range.

NOTE|2 Until limits are specified in this frequency range, design recommendations for emission values for PDS
and CPM can be found in I[EC TS 62578:2015, Annex B.

6.2.6 Common mode harmonic emission (low-frequency common mode voltage)

The $witching frequeney-of the converter of the PDS is often in the audible frequency range
and, [in particular, the-frequency range commonly used by telephone and data systems$. To
avoid the risk of crosstalk to signal cables, the installation instructions shall either recommend
that fhe power/nterface cable be segregated from signal cables or state alternative mitigation
methpds.

6.3 | Conditions related to high-frequency emission measurement

6.3.1 General requirements
6.3.1.1 Common conditions

The rate of change of voltage or current is expected to be the main source of high-frequency
emission. For this type of disturbance, the highest values of the dv/d¢ are mostly relevant,
which usually occurs with output currents lower than the rated current of the PDS. Therefore,
these tests are light load tests. The tests shall be applied to the relevant ports where they
exist and shall be performed in a well-defined and reproducible manner on a port-by-port
basis.

The test method shall comply with 7.3 to 7.4 and Clause 8 of CISPR 11:2015/AMD1:2016.
The requirements for configuration of test setup for the PDS considering cables arrangement
are derived from 7.5 of CISPR 11:2015/AMD1:2016, paying particular attention to earth
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connections. An example for a typical PDS test set up and cable arrangement for
measurements of radiated disturbances in 3 m separation distance is described in 6.3.1.3
below. The load and cable lengths shall be within the manufacturer’s specification and the
actual load and power interface cable length shall be noted in the test report.

It shall be stated in the test report whether the tests have been performed on a test site or as
in situ tests.

6.3.1.2 Conducted emissions

The measurement equipment for evaluation of high-frequency mains terminal (power port)
disturbance voltage emission is either the artificial mains network (50 Q/50 uH,| see
CISHR 16-1-2 and CISPR 11) where it can be applied, or the high impedance voltage grobe
accofding to 5.2.1 of CISPR 16-1-2:2014, where the artificial mains network is not‘applicable.
The ¢hosen test method shall be stated in the test report. Common-mode absarption deyices
(CMAD) shall not be used as part of the test setup for conducted emission measurement.

NOTE| A CMAD is a piece of test equipment placed on certain cables during radiated ,emission measuremgnts to
improye reproducibility (see 6.3.1.3.4).

For in situ measurement of the mains disturbance voltage, a high impedance voltage probe
withqut an artificial mains network shall be used (see 7.3.3 of GISPR 11:2015). The samg can
be applied if the PDS has an input current greater than 100 A{ or"if the input voltage is grpater
than for equal to 500 V, or if the PDS contains a line commutated converter (see A.4.1.2).

6.3.1.3 Radiated emissions
6.3.1.3.1 Type of test site

Equipment of category C1 and category C2_shall be measured on a test site complian{ with
requirements of CISPR 16-1-4. The measurement distance shall be stated in the test repqgrt.

Equipment of category C3 should-preferably be tested on a test site compliant| with
requirements of CISPR 16-1-4. However, when this proves to be impossible for pragtical
reasgns of weight, size or powerj.tests may be done in a location not fully compliant with the
test gite requirements. The use.of this location shall be justified in the test report.

In th¢ case of radiated emission tests on a test site, CISPR 11 allows test sites that are gither
an oxen-area test site (OATS) or a semi-anechoic chamber (SAC).

NOTE| For radiated.emissions measurement in a fully-anechoic room (FAR) test conditions and requiremelnt are
under|consideratioptin CISPR/B. It is intended that they will be made available in CISPR 11.

6.3.1[.3.2 Test volume

The measurement distance is considered between the reference point (RP) of the antenna
calibration and the boundary of the EUT s test volume (see Figure 5 to Figure 7).

The selection of measurement distances shall comply with the requirements of 6.2.2.3 and
8.3.4 of CISPR 11:2015.

The boundary of the EUT’s test volume is the imaginary cylinder around the complete
configuration of the EUT. This boundary is shown as item H in Figure 5 and Figure 6. The
motor and all the cables shall be inside the imaginary cylinder unless the cables leave the
cylinder through CMAD(s). The height of the imaginary cylinder is measured from the floor,
regardless of whether the EUT is table-top, wall-mounted equipment or standing on the floor.

The EUT is considered as small size equipment if the boundary of the EUT’s test volume
complies with the definition of 3.1.5. The maximum boundary for small size equipment is
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shown as item K in Figure 5 to Figure 7. The dimensions of the test volume should be
measured with a tolerance of £0,1 m.

The use of CMADs is recommended, as they contribute to reproducible test results. However,
the use of CMADs is not mandatory. They serve to define the common mode impedance and
resonances in the frequency range above 30 MHz, thus improving reproducibility.

6.3.1.3.3 Selection of measurement distance

Subclauses 6.4.1.3 and 6.4.2.4 give emission limits for tests at 10 m and 3 m distance.

Sma:ILsize equipment meeting the size criterion defined in 3.1.5 may be tested at either 10 m
or 3 . Equipment not meeting this size criterion shall be tested at 10 m.

Spedfal requirements relating to the test setup are specified in 6.3.1.3.4 to 6.3.1.3.6 for hetter
reprdducibility of measurement at 3 m. In cases where these requirementsyare practical for
meagurement at 10 m distance, they will also improve reproducibility at that-distance.

6.3.1,.3.4 Auxiliaries and peripherals

Whe:r auxiliaries or peripheral equipment are not part of the EUT (see EUT 2 in Figure § and
Figune 6) they may be placed outside the test volume. Howeyer, if they cannot be excluded
from [the maximum test volume because the interconnecting cables are too short or for pther
reasgns, these auxiliaries or peripheral equipment are pution the positioning table or op the
insulgted plane.

Restriction of radiation assessment to the cablerfractions inside the test volume can be
achigved for example by application at the cables of common-mode absorption deyices
(CMAD) at the position where they leave-dhe test volume. CISPR 16-2-3 gives further
guidgnce on the application of CMAD(s).

6.3.1.3.5 Motor

For nadiated emission, light loadl.condition is usually acceptable for the PDS operation|(see
A.2.1 for information on load_conditions).

The power rating of the_motor used during the radiated emission test may be lower thap the
powdr rating of the CDM, but shall be large enough to allow correct operation of the inerter
part ¢f the CDM.

The motor canbe put inside or outside the test volume. The power interface cable betyween
the JDM/BDM-and the motor shall be exposed to the antenna with at least 0,8 m length inside
the test volume, unless the maximum cable length stated in the information for the uger is

shortier.

The position of the motor and the cable arrangement shall be stated in the test report.

6.3.1.3.6 Layout of setup for radiated emission tests

Examples of typical layouts for radiated emission tests are given in Figure 5 to Figure 7 below.

If a special earthing conductor is used (see "C" in Figure 7), its length shall be at least 1 m,
and it shall be connected as shown in the user documentation.

NOTE 1 An example of a special earthing conductor is a second protective earthing conductor, which could be
used for compliance with 4.3.5.5.2 of IEC 61800-5-1:2007.


https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

-42 - IEC 61800-3:2017 © IEC 2017

If the motor is placed far from the turntable, the motor cable can be passed through the floor
of the turntable (see dotted line path "A" in Figure 7). If the motor is placed beside the
turntable (see "F" in Figure 7) and prevents the turntable from moving, special care should be
considered for performing radiated emission measurement as for in situ condition (see A.4.2).

The use of an AMN in radiated emission tests is recommended but not mandatory.

Auxiliaries and peripheral equipment that are not part of the EUT should be located outside
the test volume. However, if the connecting cables between them and the EUT cannot be
extended to run outside the test volume, these auxiliaries and peripherals can be placed
inside_the test volume (see Figure 5 and Figure 6) or on the turntable (see Figure 7).

The $pacing between all enclosures (EUT, peripheral etc.) should be = 0,1 m. Thijs,'is'shown
by itgm "D" in Figure 5 to Figure 7.

Whefe an interconnecting cable has an excess length, item "B" in Figuré)5 and Figyre 7
showls a cable bundle, as required by 7.5.2 of CISPR 11:2015. The exce€ss‘cable is bundled
betwegen 0,3 m and 0,4 m in the middle of the cable length.

NOTE|2 The reference point of the antenna calibration is considered for the megsuring distance as shown bly item
"RP" ip Figure 5 to Figure 7.

RP

i

L:(3,0£0,1)m Antenna

i »
<« >

I
I
I
I
I
I
I
I
I
1
L = Measuring distance :

IEC
Key
B Excess cable is in a bundle of between 0,3 m and 0,4 m in the middle of the cable length.
C Special earthing connection, only if specified in the user documentation.
D Spacing between enclosures should be =2 0,1 m.
E The peripheral or auxiliary device is in the test volume only if the cables cannot be extended to allow the

peripheral to be outside the test volume.

n

Motor

H Test volume. This is the boundary of the imaginary cylinder around the complete configuration of the EUT
(BDM/CDM parts of the PDS).

Positioning table of insulating material, with height 0,8 m + 0,01 m above the ground plane.

K Boundary of maximum test volume for small size equipment as defined in 3.1.5.
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L Measuring distance. This distance is measured between the test volume, H, and the reference point of the
antenna calibration, RP.

RP Reference point of the antenna calibration

Figure 5 — Example for a typical cable arrangement for measurements
in 3 m separation distance, for a table-top or wall-mounted equipment, top view

Key

Special earthing connection, only if specified in the\user documentation.

Spacing between enclosures should be = 0,1 m.

CMAD(s) put at the position where cables leave the test'volume

A TTTTR T T T oo T oo 1
| H RP
| K |
I e z_ o |
= I D|EUT1| ¢ 1| RN
o } } EUT (BDM) } : . . : Antenpa
= [ U L = Measuring distance R
1 ]
L l: L: (3,0 0,1) m i
E l
l
|
|
|
F : >
|
|
Motor |
|
P\ @ATS, SAC: groundplane
-

IEC

Thie peripheral or auxiliary device is in the“test volume only if the cables cannot be extended to allqw the

pefipheral to be outside the test volume(

Mqtor

H Tepst volume. This is the boupdary of the imaginary cylinder around the complete configuration of th¢ EUT

(BPM/CDM parts of the PDS).
Pgsitioning table of insulating material, with height 0,8 m + 0,01 m above the ground plane.

K Bdgundary of maximum test volume for small size equipment as defined in 3.1.5.

L Mgasuring distancé. ‘This distance is measured between the test volume, H, and the reference point jof the

antenna calibration, RP.

RP Rdference paint of the antenna calibration

Figure 6 — Example for a typical cable arrangement for measurements
in\3-m separation distance for a table-top or wall-mounted equipment, side view
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L: (10,0 £0,1) m
or

L:(3,0£0,1) m |
Antenna : for small size equipment |///
< >
|
|
‘.
|
|
I
I
‘I
|
|
|
Insulation
Key
A Thee dotted line shows the route of the motor cable when the motor isiplaced far from the turntable.
B Excess cable is in a bundle of between 0,3 m and 0,4 m in the middle of the cable length.
C Special earthing connection, only if specified in the user dogimentation.
D Spacing between enclosures should be =2 0,1 m.
E The peripheral or auxiliary device is in the test volume only if the cables cannot be extended to allg
peripheral to be outside the test volume.
F Mgqtor
K Bdgundary of maximum test volume for small‘size equipment as defined in 3.1.5.
Mgasuring distance. This distance is megasured between the test volume and the reference point of the ar
calibration, RP.
RP Rdference point of the antenna_calibration
Figure 7 — Example for a typical test set up for measurement of conducted and/c
radiated\disturbances from a floor-standing PDS, 3D view
6.3.2 Connection requirements
If thg PDS ismeasured on a test site, the test set up, including length and position of p
and fontrelxcables, shall be representative of intended application(s), as defined b
manufacturer and described in the user documentation (see 4.3). The test set-up she
statephinthe test report.
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If the PDS is measured in situ, the cable and the earthing arrangements are those of that
application.

6.4
6.4.1
6.4.1

Basic high-frequency emission limits
Equipment of categories C1 and C2

A Power port disturbance voltage

Limits for mains terminal disturbance voltage (power ports) are given in Table 16.
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Table 16 — Limits for mains terminal disturbance voltage
in the frequency band 150 kHz to 30 MHz

Category C1 Category C2

Frequency band Quasi peak Average Quasi peak Average

MHz dB(nV) dB(uV) dB(uV) dB(uV)

0,

15<f<0,50 66 56 79 66

Decreases with log of Decreases with log of
frequency down to 56 frequency down to 46

0,5<f<50 56 46 73 60

5

L0 <f<30,0 60 50 73 60

Whe
inclu

e a PDS does not comply with the limits of category C1, the following warning sh4
Hed in the instruction for use:

Il be

War

In 3
supf

hing

residential environment, this product may cause radio interference in which
lementary mitigation measures may be required.

fase

NOTE|

supply
systen

High-frequency common mode filtering introduces capacitive coupling paths to earth. In the casg
system in which the neutral is isolated from earth or conngcted to earth through a high impedang
h" as defined in 312.2.3 of IEC 60364-1:2005), these capagitiVe coupling paths can be harmful (see D.2

In th¢ frequency range from 9 kHz to 150 kHz, limits are not specified.

NOTE|

NOTE
and C

6.4.1

If aq
port
fieldh

If a
telec
cond

6.4.1

1 IEC SC 77A is working on compatibility leyels'in this frequency range.

2 Until limits are specified in this frequenty range, design recommendations for emission values fo|
DM can be found in IEC TS 62578:2015;-Annex B.

.2 Process measurement and control ports

rocess measurement and control port is intended for connection to a fieldbus, the
shall comply with the conducted emission requirements of the relevant standard fo
us.

process measurement and control port is intended for connection to a
bmmunication network, then this port shall be regarded as a telecommunication port
Licted emission requirements of CISPR 32, class B apply to that port.

.3 Radiation — Enclosure port

b of a
e ("IT
2).

r PDS

h the
that

ublic
The

Limits for electromagnetic radiation disturbance (enclosure port, see definition in 3.3.4 and
Figure 2) are given in Table 17.
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Table 17 — Limits for electromagnetic radiation disturbance
in the frequency band 30 MHz to 1 000 MHz

IEC 61800-3:2017 © IEC 2017

Electric field strength component

Quasi-peak
dB(uV/m)
Measurement distance 10 m 2 Measurement distance 3 m 2
Frequency band Category C1 Category C2 Category C1 Category C2
MHz

30 < £<230 30 40 40 50

230 < f< 1000 37 47 47 57
2  Hor selection of measurement distance, see 6.3.1.3.3.

The mmeasurement distance shall be stated in the test report.

Whefe a PDS does not comply with the limits of category C1, the follewing warning shall be

inclufled in the instructions for use:

Warhing

In g residential environment, this product may cause radio interference, in which ¢ase
supplementary mitigation measures may be required.

6.4.114 Power interface emission

For g4 PDS to be operated in the first environment, the limitation of emission shall be proyided

by means of one of the following options.

a) Measurements on the power interface need not be performed if the length of the
cprresponding cable is less than’ 2 m, or if a shielded cable is used. The shielding [shall
then be of high frequency quality, continuous throughout its length and at least conng¢cted
t¢ the CDM and motor via*360° terminations.

b) The emission shall be checked by measuring the disturbance voltage at the plower
interface in the BDBM; using the high impedance voltage probe described in 5.2/1 of
dISPR 16-1-2:2044) The limits given in Table 18 below shall be applied.

c) Where mitigation methods applied are not suitable for checking according to item b)) (for
example cemmon mode mitigation methods), the effectiveness of the mitigation method
shall be_¢hecked by establishing a coupling between the mains input cable and the motor
cpble during the measurement of the mains terminal disturbance voltage according to
614110 This coupling shall be established over the 1 m distance separating the EUT and
thes AMN by running the motor cable parallel to the mains cable with a separatiop not

exceeding 10 cm over a length of at least 0,60 m.

Table 18 — Limits of disturbance voltage on the power interface

Measurement at rated output current
Frequency band
MHz Quasi peak Average
dB(nV) dB(nV)
0,15 < f < 05 80 70
0,50 < f < 30 74 64

NOTE The above limits are derived from CISPR 14-1.
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6.4.2 Equipment of category C3
6.4.2.1 Information requirement

If a PDS does not meet the limits of category C1 or C2, a warning shall be included in the
instructions for use stating that

e this type of PDS is not intended to be used on a low-voltage public network which supplies
residential premises, and

e radio frequency interference is expected if used on such a network.

The anifactiurar chall e s o s Hoo meludina rao oea s v]ded
arroractoT o Strat— pProviatc—a gut oSCT oo Ty o T ot

mitigption devices.

6.4.2,.2 Power port disturbance voltage

Limits for mains terminal disturbance voltage (power ports) of PDSs are given in Table 19.
The $ame limits apply to low voltage power ports of PDSs of rated voltage‘above 1 000 V

Table 19 — Limits for mains terminal disturbance‘voltage
in the frequency band 150 kHz to 30 MHz for a PDS in the second environment
PDS of category C3

Sige of PDS 2 Frequency band Quasi peak Average
MHz dB(nV) dB(nV)
0,15 << 0,50 100 90
0,5<f<5,0 86 76
/<100 A 5,0 < f< 30,0 90 80
Decreases with log of Decreases with log of|
frequency down to 73 frequency down to 60
0,15 << 0,50 130 120
100 A<7 0,56<f<5,0 125 115
5,0 << 30,0 115 105
Thesle limits do not apply to power ports operating above 1 000 V.
a8 gize of the PDS refers totated current (/) of the port.

See also ClauseD:2.

For PDS abeve 100 A without dedicated transformer, to avoid the risk of crosstalk to dignal
cablgs, , the* installation instructions shall either recommend that the power cables be
segrefgated from signal cables or state alternative mitigation methods.

In the frequency range from 9 kHz to 150 kHz, limits are not specified.

NOTE 1 IEC SC 77A is working on compatibility levels in this frequency range.

NOTE 2 Until limits are specified in this frequency range, design recommendations for emission values for PDS
and CDM can be found in IEC TS 62578:2015, Annex B.

6.4.2.3 Process measurement and control ports
If a process measurement and control port is intended for connection to a fieldbus, then the

port shall comply with the conducted emission requirements of the relevant standard for that
fieldbus.
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If a process measurement and control port is intended for connection to a public
telecommunication network, then this port shall be regarded as a telecommunication port. The
conducted emission requirements of CISPR 22, class A, apply to that port.

6.4.2.4 Radiation — Enclosure port

Limits for electromagnetic radiation disturbance (enclosure port, see definition in 3.3.4 and
Figure 2) of PDSs are given in Table 20.

Table 20 - Limits for electromagnetic radiation disturbance
in the frequency band 30 MHz to 1 000 MHz
for a PDS in the second environment — PDS of category C3

Electric field strength component
Quasi-peak
dB(pV/m)
Frequency band Measurement distance 10 m 2 Measurement distance 3 m 2
MHz
30 <f<230 50 60
230 << 1000 60 70

NOTE In the next edition of IEC 61800-3, it will be the target to align the<aldes in this table with CISPR 11[.

2  Hor selection of measurement distance, see 6.3.1.3.3.

The mmeasurement distance shall be stated in the test'report.

6.4.2.5 Power interface
For 4 PDS to be operated in the second;environment, the instructions for installation and use

shall| contain all the necessary information on the installation of the power interface as
required in 4.3.

6.5 | Engineering practice
6.5.1 PDS of category C4

For HDSs of categopy\C4, the following procedure shall be used.
Gengral conditions

Due to technical reasons, there are some applications where it is not possible for the PIDS to

complywith the limits of Table 19 and Table 20. These applications are for large ratings|or to
meet lez\(‘ifi(‘ technical rnquirnmnnfq'

e voltage above 1 000 V;
e current above 400 A;

e networks isolated from earth, or connected to earth through a high impedance ("IT power
supply system" according to 312.2.3 of IEC 60364-1:2005);

e where required dynamic performances will be limited as a result of filtering.

In these applications of category C4 equipment, the user and the manufacturer shall agree on
an EMC plan to meet the EMC requirements of the intended application (see Annex E). In this
situation, the user defines the EMC characteristics of the environment including the whole
installation and the neighbourhood (see Figure 8). The manufacturer shall provide information
on typical emission levels of the PDS which is to be installed. In the case of interference, the
requirements and the procedure in 6.5.2 shall be applied.
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NOTE Examples of common mitigation methods resulting from the EMC plan are: global filtering, dedicated
special transformer, separation of cables.

Filtering in IT power supply systems

The use of filtered PDSs in an isolated, or high-impedance earthed, industrial distribution
network can cause a safety risk, if not properly designed for these applications. In the case of
IT networks for complex industrial systems, limits cannot be set. The diversity of solutions
resulting from the knowledge of the system cannot be standardised. The main considerations
are related to fault conditions and filter leakage current.

a)

b)

The $olutions are based on a case by case analysis.

6.5.2 Limits outside the boundary of an installation, for a-PDS of category C4 —

6.5.2.1 General

For PDSs in the second environment, the user shali’ensure that excessive disturbance
not induced into neighbouring low-voltage networks, even if propagation is through a meg
voltage network.

In th¢ case of complaints about interference occurring at a neighbouring low-voltage net
or infthe case of a dispute between the user of a PDS (for example within installation 2 -
Figune 8), and a victim on another network (for example within installation 1), it shall fir
clear]y established that the disturbance of victim equipment (in installation 1) occurs whe
supppsed emitting PDS (installation-2) is operated.

6.5.2.2 Interference dueé_ to conduction

In thjs case, the measurements shall be carried out at the low-voltage secondary o
medilim-voltage transformer of the installation (installation 1) where the victim is situated
Figune 8 for point of’measurement). The requirements given by Table 21 or Table 22
Tablg 23 including‘the reservations concerning ambient noise, shall be fulfilled.

Short circuit on the motor side of the PDS. If the PDS is allowed to continue to run in this

cpn damage the filter capacitors. Short circuit to earth on the motor side can_caus

cEndition, high levels of high frequency current will flow in the filtering capacitors.
plication of common mode voltage to other neighbouring equipment.

Undesired fail detection by the insulation monitoring device (IMD). ™accordin
IEC 61557-8 because of increased capacitance to earth, which can lead)te an unde|
process shut down.

Example of propagation of disturbances

This
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Medium voltage network

Installation 1

Installation 2

This [method can be applied to different parts of the same@installation in the case of PL
voltage above 1 000V with limits reported inthe EMC plan. In this case, ip-situ
urement of propagated disturbance voltage should be carried out at the low-vQ
secopdary of the high-voltage transformer (part 1>0f" the installation) which is electricall
st to the PDS considered as emitter (see Figure 9 for point of measurement).

rated
meag

closs

User A User B
‘.v\ Point of measurement
L / L /
/ / 7 4
Low voltage Low voltage
Equipment
quip PDS
(emitter)
Equipment
(victim) Equipment

Figure 8 — Propagation of disturbances

High voltage or medium voltage network

IEC

IEC 61800-3:2017 © IEC 2017

DS of

Itage
y the

Part 2 of the
installation
Part'4-of the installation
Tv\ Point of measurement
yi /
/ ‘ 4
Low “voltage
Equipment Low voltage
auxiliaries
Equipment PDS
(victim) (emitter)

Figure 9 — Propagation of disturbances in installation with a PDS rated > 1 000 V

If installation 1 in Figure 8 belongs to the first environment, the disturbance voltage shall
comply with the limits of Table 21.
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Table 21 — Limits for propagated disturbance voltage
("outside" in the first environment)

Frequency band Quasi peak Average
MHz dB(nV) dB(nV)
0,15 <f<0,50 66 56
Decreases with log. of frequency Decreases with log. of frequency
down to 56 down to 46
0,5</<5,0 56 46
5,0 <f<30,0 60 50

If ing

envirpnment, the disturbance voltage shall comply with the limits of Table 22.

tallation 1 in Figure 8 or part 1 of the installation in Figure 9 belongs to the.se

Table 22 - Limits for propagated disturbance voltage
("outside” in the second environment)

cond

Frequency band Quasi peak Average
MHz dB(nV) dB(nV)
0,15 <1< 0,50 79 66
0,5<f<5,0 73 60
5,0 <f<30,0 73 60

If the
limitg

characteristic set of emitted frequencies can be recognised and exceeds the meag
ambient noise.

6.5.2,
6.5.2,

(Table 21 and Table 22), the supposed ‘emitting PDS is only considered to fai

3 Interference due to radiation

3.1 Radiation above 30-MHz

ambient noise (without operation of the PDS which is the supposed emitter) exceeds the

if a
ured

In cgdse of interference, the_radiation shall be measured at a distance of 10 m from the
boundary of the installation, if interference occurs outside in the first environment or|at a
distahce of 30 m from~the boundary of the installation, if interference occurs outside in the

seco

nd environment. The measured field strength shall comply with Table 23.

Table 23/ ~Limits for propagated electromagnetic disturbance above 30 MHz

Frequency band Electric field strength component
MHz Quasi peak
dB(uV/m)
30 < /<230 30
230 << 1000 37

If the ambient noise (without operation of the PDS which is the supposed emitter) exceeds the
limits (Table 23), the supposed emitting PDS is only considered to fail if a characteristic set of

emitt

ed frequencies can be recognised and exceeds the measured ambient noise.

The emissions from the PDS shall be suppressed until they are below the limits, or below the
ambient noise, whichever is the higher.

See also A.4.3.
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6.5.2.3.2 Radiation between 0,150 MHz and 30 MHz
In case of interference, the radiation shall be measured at a distance of 10 m from the

boundary of the installation if interference occurs in the first environment, or at a distance of
30 m from the boundary of the installation if interference occurs in the second environment.

A magnetic loop antenna according to CISPR 16-1-4 shall be used. The values shall not
exceed those given in Table 24 at the frequencies for which interference occurs.

Table 24 — Limits for electromagnetic disturbance below 30 MHz

Frequency band Magnetic field strength component
MHz Quasi peak
dB(uA/m)
0,15 << 0,49 13,5
0,49</<3,95 3,5
3,95<f<20 -11,5
20 < <30 -2Z15

6.6 | Application of emission requirements — Statistical aspects

6.6 applies only to PDSs of categories C1, C2 and C3.

Confprmance of the PDSs of categories C1, C2 and"C3 shall be verified by performing a| type
test ¢n a representative model. For simplicity, this type test may be made on one appliance
only.[The manufacturer or supplier shall ensure<by means of his quality system that the EMC
perfdrmance of the product is maintained.

As far as statistical aspects are concerned, Annex H of CISPR 11:2015 applies.
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Annex A
(informative)

EMC techniques

A.1 Application of PDSs and EMC

The range of application of PDSs is so large that any attempt to establish an exhaustive list
will fail. However the examples glven here show PDSs used in a range of very d|fferent

i d 3n on
ipn of
d for

Examples of application of PDSs are listed here:

achine tools, robots, test equipment in production, test benches;

hper machines, textile production machine, calenders in rubbenindustry;

bment crushing machines, cement kilns, mixers, centrifug€s, extrusion machines;

1
p
e pfocess lines in plastic industries or in metal industries, rolling mills;
c
dfilling machines;

c

bnveyors, material handling machines, hoisting equipment (cranes, gantries, etc.);
fopulsion of ships, etc.;

Limps, fans, and so on.

Thesg examples use PDSs covered by “this document. However, electric vehicles| and
parti¢ularly traction drives are excluded from the scope of this document (see Clause 1).

A.2 | Load conditions regarding high-frequency phenomena

A.2.1 Load conditions during emission tests

The Joad on the motor-normally has little effect on the EMC characteristics of the PDS.
Thergfore, the PDS need not be tested for EMC characteristics at all load conditions, buf only
at a [load that is representative of all operating emissions. The manufacturer should certify
that the load conditions he has selected for the test meet this criterion.

The fadiated*and conducted emissions of a PDS are mainly caused by sharp transitions of its
outpdyit noltage that are used to produce low-frequency, or DC output power. The voltage
specTrum of the waveform can have sufficient energy at high frequencies for the POS to
radiate electrical energy from its input power wires, cabinet, motor leads, and motor case.
Since the radiated energy is caused by the voltage transitions, tests should be performed at
conditions where the voltage transitions have the largest amount of high-frequency content.
Tests need not be performed at other conditions.

The sharpness of output transitions can be affected by the switching speed of the power
device that is used in the PDS. IGBTs (transistors) are extremely fast devices that in
combination with the recovery characteristics of the diodes used in some types of inverters
can cause dv/dt that can be greater than 1 000 V/us. It is important to note that the
abruptness of the diode recovery is an important component of this high dv/d:. Even though
the level of the recovery current is load dependent, the abruptness of the diode recovery is
not as dependent on the load level. Note that attenuation measures should be rated to cover
saturation effects of filter elements (for example saturation of interference suppression
inductors).
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On the other hand, it is important to consider the effect of passive capacitive, resistive, or
inductive power circuit components, such as snubber components that are used to control the
rate of rise of this voltage. The output waveform with these devices present can have dv/d¢
characteristics that are load dependent. In this case, it is important that the PDS be tested at
the worst case dv/d¢ point of operation.

A.2.2 Load conditions during immunity tests

The load on the motor normally has little effect on the EMC characteristics of the PDS.
Therefore, the PDS need not be tested for EMC characteristics at all load conditions, but only
at a load that is representative of all susceptibilities. The manufacturer should certify that the
load pomditionrs e hrassetectedforthetestmeetthiscriteriom:

Gengrally, load conditions do not affect the immunity of a PDS to low or high-frequency
disturbances. The failures of the power and control circuitry are generally associated| with
voltape not current levels. Testing at light load does not detect slight changes\in the seftings
of prptective circuitry, i.e. over current, over voltage. If these levels are critical to the pfoper
operation of a PDS, the test should verify the immunity at these points of opération.

If thg torque-generating behaviour criterion is used, the load should be at such a level that it
is popsible to measure the torque disturbance associated with the\low or high-frequency {ests.
This |will require a motor and a torque-measuring device. The ‘motor should have a loaq that
can pe used in the electromagnetic environment of the test/ If indirect torque-measpring
methpds are used, the PDS should be operated at a load. level which is sufficient for any
torque disturbances to be measured.

A.2.3 Load test

A light load test, i.e. a test with the motor running at no load, can be used to verify the EMC
characteristics of a PDS if the above conditions are met. Tests can even be performed using
pass|ve power resistors and inductors that simulate the load condition of a motor. It is|also
important to note that the motor case can act as an antenna element. If a passive load is [used,
this gntenna effect should also be simulated.

test will produce the worst case or most sensitive conditions for his particular product.| This

The ;Fanufacturer of the PDS _should provide certification that the load on the PDS during any
certification can be by test-of a representative product, or by calculation or simulation.

A.3 | Immunity to power frequency magnetic fields

Testihg accordinhg to IEC 61000-4-8 is usual where components sensitive to magnetic field are
used| PDSs frequently use Hall-effect current sensors. However, these sensors are designed
to operate,in locations where high levels of magnetic fields exist (close vicinity of power
condpctors). Those amplitudes are much higher than the levels of the test according to
IEC 1000'4'8 FUI U)\dlllpiﬂ, It odall bU bdibuidtcd “Idt d AIG A bullUllt (dbbulllcd tU bc diUl e on
an infinite straight line) produces a magnetic field of 320 A/m at 5 mm. It can therefore be
considered that the disturbance applied by the test is negligible compared to the operating
environment of this sensitive component.

A.4 High-frequency emission measurement techniques

A.4.1 Impedance/artificial mains network (AMN)
A.4.1.1 Circuit of AMN

Since the high-frequency disturbance source within a drive has a source impedance, the
disturbance voltage measurement is affected by the network impedance. Particularly at lower
frequencies, the impedance of the mains can be regarded as inductive. However, there can
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be resonances due to various capacitances of the system. For further information, see 6.6 of
IEC TR 61000-2-3:1992.

Where possible, an AMN should be used to standardise the supply impedance used during
type tests. This improves the repeatability between different test sites.

The characteristics of various networks are defined in Clause 4 of CISPR 16-1-2:2014. For
the frequency range of disturbance voltage measurements defined in this document, the
50 Q // 50 uH network or the 50 Q // 50 uH + 5 Q network can be used. Between 150 kHz and
30 MHz, the equipment under test (power drive system) sees an impedance to earth of 50 Q

A.4.1.2 PDS with which the AMN cannot be used
A.4.1.21 Reasons of impossibility

At loyer frequencies, the inductors inside the 50 Q // 50 uH AMN add 50 pH t6 the impedance
of the mains supply. The inductors inside the 50 Q// 50 uH + 5 Q@ AMN add 300 uH.[This
additjonal impedance can prevent correct operation of some PDSs (for.eéxample, commutation
notches become excessively wide at high current and low fifing angle, if the sypply
indugtance is too high). In these cases, the AMN cannot be used.

If anJAMN is not commercially available, the methods in A.4.1:2.2 or A.4.1.2.3 can be applied.
The method in A.4.1.2.3 is preferred. In cases where high current prevents the use of the
standard AMN method, the following steps should be uséd to improve correlation:
easure with the standard AMN method at thexmaximum possible power level of the AMN;

easure with the alternative method according to A.4.1.2.2 or A.4.1.2.3 at the $ame
pwer level;

easure with the alternative method according to A.4.1.2.2 or A.4.1.2.3 at the defsired

nj
nj
p
3) npte the difference in results betweenihe two measurements;
nj
ppwer level;

g

orrect the result from step 4)-according to the difference noted in step 3).

A.4.1.2.2 High impedance voltage probe

When an AMN is not used, the disturbance voltage can be measured using a high impedance
voltage probe, as described in 5.2.1 of CISPR 16-1-2:2014. Since the power freqyency
currgnt does not pass through the probe, it can be used with PDSs of even the highest crrent
ratings.

By adjusting”the value and voltage rating of the capacitor, this probe can be used| with
supplies,at’ least up to 1 000 V. If the capacitor value is reduced, its effect on the scalipng of
the measurement should be allowed for in calibration, as stated in CISPR 16-1-2.

The probe is connected between the line and the reference earth. If the CDM/BDM has an
earthed metal frame, this can be taken as the reference earth. This connection should be to
the supply leads as they enter the CDM/BDM. The connections to the probe should be as
short as possible, preferably less than 0,5 m.

CISPR 16-1-2 provides a warning about the need to minimise the loop area formed between
the lead connected to the probe, the conductor tested and the reference earth. This is to
reduce susceptibility to magnetic fields.
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A.4.1.2.3 Alternative method for high current PDS

In some cases, it can be difficult to use the high impedance probe because of safety reasons
during changing of phases, and the readings can be several tens of decibels higher (because
of mismatched impedance) than those which are obtained with an AMN measurement.

An alternative method, which has been experienced in some countries for a number of years,
uses a low current AMN (for example 25 A) as a voltage probe, even with a high current PDS
(above several hundreds of amperes). This method is described in Clause A.5 of
CISPR 16-2-1:2014). The PDS is not disconnected from its supply network.

The |oad side of the AMN should be connected to the supply lines of the PDS at the\power
port terminals by a 1 m cable. There should be some inductance (for example conngction
cablipg) between the PC and the AMN connection. The mains side of the AMN should bg left
open| (for example no connection to peripherals). The receiver should be connected tp the
AMN]as usual. The measurement results, with this method, are quite similar ta“that of a vjrtual
AMN|of several hundreds of amperes.

A.4.2 Performing high-frequency in situ emission tests

When equipment cannot be tested on a test site, tests are performed in situ. In this ¢ase,
extral care should be taken to avoid problems caused by ambient noise.

Testihg in situ is not as repeatable as testing on a test site* Therefore, some care shou|d be
taken when using the results of in-situ testing on one site to predict compliance for a product
proddiced in quantity.

For llarge equipment, the antenna may be moéved around the equipment to determing the
highgst emission spot.

A.4.3 Established experience with high power PDSs

For geveral decades, the experience in different countries has shown that the established
procgdures of legislation and. protection of radio-communication services against high-
frequency disturbances have béen proved in practice with excellent results. As an example,
the pfocedure which has beényused for many years is described below.

Unddr this procedurg;"because high power equipment intended for use in the second
envirpnment is part(of-an installation, it is not tested on a test site. See [4]1. The same [rules
apply to equipment .which is built by the user himself, under his own responsibility; se¢ [5].
The ¢mission limits of such a high power installation are referenced to the actual bound3gry of
the ipstallation,“terrain, even in the case of measurement and control equipment whigch is
intended to—be installed there. The emission limits have been applied with respect t¢ the
boundary.of the installation (the measurement point for mains terminal disturbance voltage is
the Ipw=voltage secondary of the next available medium-voltage transformer, and fof the
radiated emissions a 30 m distance to the boundary); see [4] and [5].

As a result, the procedure stated in 6.5 follows this experience. Such a use of a PDS
(category C4) requires EMC competence. Such competence should be applied to the design
of the apparatus, or the manufacturer and the user should define the appropriate compatibility
levels in a specific environment.

1 The figures in square brackets refer to the bibliography.
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Annex B
(informative)

Low-frequency phenomena

B.1 Commutation notches

B.1.1 Occurrence — description

Commutation notches (QPP IEC 60050-551-1998 551-16-06) are caused hy line-to-line short
circults which occur at the terminals of a thyristor converter. This occurs when currgnt is
commutated from one phase of the supply to the next. Voltage notches are deviations qf the
AC mains voltage from the instantaneous value of the fundamental. The magnitdde of the
commutation notch, seen elsewhere in the supply system, depends on the ratio of supply
impefdance and decoupling reactance in the thyristor converter.

Loteome S

273

1
NOTE Typical range of per unit values are provided for reference only.

The figure assumes there is no impedance between PDS terminals and the converter.

Repetitive transients (ULrm/ULwm) = 1,25 to 1,50; depending on the snubber design with respect to di/d¢
and Igg (dynamic reverse current of the semiconductor).

Non-repetitive transients (U gu/U wwm) = 1,80 to 2,50 depending on additional protective devices.

Figure B.1 — Typical waveform of commutation notches —
Distinction from non-repetitive transient

Analysis of notches considers a wider range of frequencies than normal harmonic analysis.
Their time-domain characteristics cause effects which cannot be understood by a simple
harmonic analysis. Therefore, they are analysed in the time domain using an oscilloscope.
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The following should first be remembered:

in simple cases where the rule applies, it is assumed that the network impedance can be
modelled with a pure reactance: Z = Lw (this assumption is not valid in cases where
capacitors or long cables are present; resonances can occur in such cases);

the immunity against commutation notches is classified in 5.4.1 and Table 9 of
IEC 60146-1-1:2009 where their measurement is defined in depth (in % of U y)) and in
area (depth multiplied by width, in % degrees); IEC 60146-1-1 defines U ), as the
maximum instantaneous value of U excluding transients (therefore this is the amplitude),
where U|_is the line-to-line voltage on the line side of the converter or transformer, if any.

If the'converter does not include any inductance, the depth 4 of the principal notch in the]line-
to-line voltage at the terminals of the converter itself (not the terminals of the BDM/CBDM) is

given by

d=100sin a (%)

where a represents the firing angle of a phase controlled converter (féferred to the natural

commutation point of a diode);

the principal notch is characterised by a value of 0 V (line-to-line voltage at the converter's
tgrminals);

the approximation gives an under-evaluation of d for a’< 90°, and an over-evaluation of d
fqr a > 90°.

The hotch area a can be approximated by a simple relationship (example of a three-phase

bridge, see the conditions of the approximation inithe note below):

wherg
Zy

I, iy the fundamental componént of the line-side current;
U, i the line-to-line voltage:

It can be seen that the worst case occurs when the PDS is at current limit conditions.

NOTE| During commutation angle u, from « to (« + u), the commutating voltage is:

and

a =8 000 (Z, xT4/U.) (% degrees)

g the total line impedance per phase (here assumed to be a pure reactance), inclyiding
ahy impedance in the CDM,;

\/E U, sin wt

\/E U, sin ot =2 L, dlldt

the area of the commutation notch is

a+u at+u di dt . .
= = a @ in volt x radian
4 L U(0)ao =21, L o ( )

A4=2L ol  whichmeans 4=2Z1,

where [ is the commutated current.

To take into account the ripple in a three-phase bridge, assume 7, = 0,75 I, where I is the DC current:

A=15214

and with a in % degrees
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a =100 4 (36012 =) (1/\2 U,) = 6 077 (7, 1,/U,)
a=7794 (Z,1,/U,)

a ~8 000 (Z; I1./U) or in per units values  a =4 500 (z; i)

B.1.2 Calculation
B.1.2.1 General assessment

When the assumptions listed above are valid, the notch depth at the PC is:

dpc % =100 sin o ( ZJ/(Z, + Z4) ) = 100 sin a (Z./Z))
wherg Z, is the total line impedance.

Zy=Z.* Zy

wherg

Z4 ig the decoupling reactance between the PC and the converterierminals (whether included

of not in the CDM);
¢ i the supply network impedance at the PC.

The amplitude of the ability of control of the converter (forexample the case of a three-phase
controlled bridge), is often represented by sin «. Thé notch depth varies from 100 % 4t the

converter terminals to 0 % at a zero impedance source.

Adding a decoupling reactance Z, between thg, PC and the BDM reduces the notch depth and

increpses the notch width at the PC, but the'notch area remains constant.

apc = 8 0004(Z, x 11./U,) (% degrees)

In simple cases where the above_assumptions apply, these equations can be used to define

the required decoupling reactance. Knowing the notch depth limit (see Table B.1) an
control amplitude ability of the)converter, the notch depth at the PC gives the ratio:

ZJZs + Zy)

1 the

Then| Z,, definediby the user, allows calculation of Zy by the installer, from which the internal
decoppling reactance if any (given by the manufacturer) can be subtracted. The remagining

valug is thereactance to be added for correct decoupling.

NOTE| «Fhe calculations above do not take account of transients at the beginning and at the end of the notch

B.1.2.2 Practical rules

The calculation above defines the practical rule for decoupling the emission by means of a
reactance Zj. This is summarised below. The fundamental relations, assuming the network

impedance is a pure reactance, are:

Z.=L.x o

Cc [

Zy=Zot Zy
dPC % =100 sin a (ZC/Zt)

apc % degrees = 8 000 (Z; x 14 /U))
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If multiple converters are connected to the same line, 5.4.2 of IEC TR 60146-1-2:2011 should
be considered.

However, it should be remembered that compliance with the notch emission criterion does not
automatically ensure compliance with harmonic emission criteria. Similarly, compliance with
harmonic emission criteria does not automatically ensure compliance with the notch emission
criteria. The immunity aspect is not entirely covered by the harmonic distortion criteria. Indeed,
since the harmonic criterion does not imply any phase relationship between the different
harmonic components, it does not prevent a particular voltage waveform from being applied to
the PDS. Because the particular waveform of commutation notches (dv/dz, possible zero
crossing) affects operation of snubbers or can affect electronic control operation as well, a
partigutar immunity criterion is stated in IEC 61800-T and In IEC 61800-2, it is even dertingd as
electfical service conditions in 4.1.1 of IEC 61800-1:1997 and 4.9 of IEC 61800-2:2015:

B.1.3 Recommendations regarding commutation notches
B.1.3.1 Emission

The |recommendation does not apply to power converters with such a structure| that
commutation notches are known not to exist or to have only negligiblé-amplitude.

For gxample, an indirect converter of the voltage source invertér type with an active fronf end
equipped with a decoupling filter designed for attenuation’of the effects of the swit¢hing
frequency does not produce notches. A simple diode rectifier produces notches of negligible
ampl|tude. The main practical case where emission of’/notches should be considered is the
case|of thyristor converters (line commutated).

Compliance with the recommendations related, to* commutation notches does not avoid the
need| to verify compliance with the requiremgnts for harmonics. The depth of the prircipal
notch at the PC (PCC or IPC) should be limited according to Table B.1, with a line impedance
assumed to be a pure reactance:

Z=L o
and having a value of 1,5 % (related to the rated power of the PDS).

NOTE|1 When installing the RDS, the line impedance is practically defined from the short-circuit power Sg.[at the
PC:

Zsc = ULNZ/Ssc

TableB:1 — Maximum allowable depth of commutation notches at the PC

First environment Second environment
Maximum 20 % 40 %
TOTETEERE Class C of IEC 60146-1-1 or Class B of IEC 60146-1-1 or
comply with the requirements of the local agreement with the user
supply authority

NOTE 2 This rule cannot be used in cases where resonances can be expected due to capacitors or long length of
cables.

In the case of certain distribution networks, special consideration can be required (for
example internal distribution networks in hospitals). In such cases, the conditions should be
specified by the user.

Compliance may be determined by calculation, simulation or measurement.
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If the PDS deviates from this recommendation, and in order to make the user able to comply
with this recommendation, the manufacturer should provide the following information in the
user documentation:

e the maximum and the minimum line impedance for correct operation of the CDM/BDM,;

e details of the decoupling reactance Z if any, that is included in the CDM/BDM.

o details of the available decoupling reactances Z4 which can be delivered as optional items.

NOTE 3 The maximum line impedance is directly related to the maximum notch area at the PC (see B.1.1).

However, in the case of multiple PDSs connected to the same PC, notch limitation is a system
cons|deration and a simple rule cannot be defined.

The main practical case where immunity against notches should be considered for pther
equipment is the case of RFl filters.

B.1.3.2 Immunity

The harmful effect of notches on a PDS can be much greater than)that which would be
indicated by a frequency domain analysis of their contribution to thée.toetal harmonic distoftion.
Thergfore, a time domain analysis of commutation notches is necéssary. Note that the %jress

due fo harmonics and commutation notches affects the elegtronic control and some power
devides as well (snubbers for instance). Because electropiccontrol malfunctions will ¢ccur
immgdiately, and snubbers have a short thermal time constant, the duration of a test, iffany,
for pgrmanent conditions need not exceed 1 h.

Some practical cases where immunity against notches should be considered are:

o where operation is affected instantaneously, for example the effect on electronic
synchronisation circuits where the zero erossing of voltage is taken as reference;

e thermal overload, for example overload of snubber circuits in the power converter;

e oyervoltage on L-C circuits, for example RFI filters.
B.2 | Definitions related to.tharmonics and interharmonics

B.2.1 General discussion

B.2.1.1 Resolution’of non-sinusoidal voltages and currents

Clasgical Fourier* series analysis (IEC 60050-103:2009, 103-07-18) enables any |non-
sinudoidal butperiodic quantity to be resolved into truly sinusoidal components at a series of
freqLEncies, and in addition, a DC component. The lowest frequency of the series is dalled

the fundamental frequency (IEC 60050-161:1990, 161-02-17). The other frequencies in the
serieg\are integer multiples of the fundamental frequency, and are called harmonic
frequencies. The corresponding components are referred 10 as the fundamental and harmonic
components, respectively.

The Fourier transform (IEC 60050-103, 103-04-01) may be applied to any function, periodic or
non-periodic. The result of the transform is a spectrum in the frequency domain, which in the
case of a non-periodic time function is continuous and has no fundamental component. The
particular case of application to a periodic function shows a line spectrum in the frequency
domain, where the lines of the spectrum are the fundamental and harmonics of the
corresponding Fourier series.

NOTE 1 When analysing the voltage of a power supply system, the component at the fundamental frequency is
the component of the highest amplitude. This is not necessarily the first line in the spectrum obtained when
applying a DFT to the time function.
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NOTE 2 When analysing a current, the component at the fundamental frequency is not necessarily the component

of the

highest amplitude.

B.2.1.2 Time varying phenomena

The voltages and currents of a typical electricity supply system are affected by incessant
switching and variation of both linear and non-linear loads. However, for analysis purposes
they are considered as stationary within the measurement window (approximately 200 ms),
which is an integer multiple of the period of the power supply voltage. Harmonic analysers are
designed to give the best compromise that technology can provide (see IEC 61000-4-7:2002).

B.2.2 Phenomena related definitions

B.2.2
fund
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B.2.2
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A

amental frequency

ency, in the spectrum obtained from a Fourier transform of a time function,\to whig
equencies of the spectrum are referred

to entry: For the purposes of IEC 61800, it is the same as the power frequency_ supplying the conver
bd by the converter according to the case which is considered.

to entry: 1EC 60050:2001, 551-20-01 and IEC 60050:2001, 551-20-02 defines the components as a
Fourier analysis; frequencies are therefore a consequence. In B.2.2, the ‘définitions follow the appro
A defining first the frequencies, the components being a consequence, There is no contradiction betwe
ferent approaches.

to entry: In the case of a periodic function, the fundamental, frequency is generally equal to the freq
function itself (see IEC 60050:2001, 551-20-03 and IEC _60050:2001, 551-20-01). The above def
ponds to the genuine definition of "reference fundaméntal frequency" according to IEC 60050
-04 and IEC 60050:2001, 551-20-02, for which the term “reference" may be omitted where there is no
Lity.

to entry: In case of any remaining risk of ambiguity, the power supply frequency should be referred
ly and speed of rotation of the synchronous gengrator(s) feeding the system.

to entry: This definition may be applied to~any industrial power supply network, without regard to th
blies (a single load or a combination of\loads, rotating machines or other load), and even if the gen
g the network is a static converter.

RCE: IEC 61000-2-2:2002,°3-2.1, modified — In the definition, the sentence starting
the purposes of this ,standard" has been moved to a note. The notes have
ased, and new notes have been added.]
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frequency which is an integer multiple greater than one of the fundamental frequency or of the
reference fundamental frequency

[SOURCE: IEC 60050-551:2001, 551-20-05]

B.2.2.4
harmonic 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: The value of a harmonic component is normally expressed as an RMS value.
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[SOURCE: IEC 60050-551:2001, 551-20-07, modified — The note has been deleted and
replaced by Notes 1 and 2 to entry.]

B.2.2.5

harmonic order

ratio of the frequency of any sinusoidal component to the fundamental frequency or the
reference fundamental frequency

Note 1 to entry: The harmonic order of the fundamental component or the reference fundamental component is
one.

2t tre: Th ded-notationis"A"
Note 2-to-entry e-recommended-notation-is

[SOYRCE: IEC 60050-551:2001, 551-20-09, modified — Note 2 to entry has been added.

B.2.4.6
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 interhajmonic

frequgncy to the fundamental frequency. This ratio is not an integer (recommended'notation "m").

Note 3 to entry: In the case where m <1, the term of sub-harmonic (frequency may also be used (see
IEC 60050-551:2001, 551-20-10).

[SOURCE: IEC 60050-551:2001, 551-20-06, modified — The notes have been added.]

B.2.3.7
interharmonic component
sinugdoidal component of a periodic quantity having an interharmonic frequency

Note ] to entry: For brevity, such a component may be referred to simply as an interharmonic.

Note 4 to entry: For the purposes of IEC 61800;"and as stated in IEC 61000-4-7, the time window has a w|dth of
10 fundamental periods (50 Hz systems) or.12 fundamental periods (60 Hz systems), i.e. approximately 200 ms.
The dffference in frequency between two ¢onsecutive interharmonic components is, therefore, approximately| 5 Hz.
In cade of other fundamental frequencies, the time window should be selected between 6 fundamental pgriods
(apprgximately 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 — The note has been deleted| and
replaiced by Notes 1 and-2'to entry]

B.2.2.8
harmonic content
sum pf the harmonic components of a periodic quantity

Note 1 to’entry: The harmonic content is a time function.

Note 27to eniry: For practical analysis, an approximation of the periodicity may be necessary.

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

Note 4 to entry: The RMS value of the harmonic content is

HC =
where
(0] represents either the current or the voltage;
h is the harmonic order (according to B.2.2.5);

H is 40 for the purposes of this document.
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[SOURCE: IEC 60050-551:2001, 551-20-12, modified — Note 4 to entry has been added.]

B.2.2.9

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 any.

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.
Note 4 to entry: An alternating quantity (abbreviated as Q) is a periodic quantity with zero DC companent.

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

pe- oo

where|notations come from B.2.2.8. See also IEC 60050-161:1990, 161-02-21 and IEC60050-551:2001, 551120-06.

[SOYRCE: IEC 60050-551:2001, 551-20-11, modified — The brackets in Note 4 to entry jhave
been(added, as well as Note 5 to entry.]

B.2.2.10

total|distortion ratio
TDR
ratio |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

Note 1 to entry: The total distortion ratio depends, on'the choice of the fundamental component. If it is nof clear
from the context which one is used an indication should be given.

[2_ 2
TDR:E—ig %

)

[SOURCE: IEC 60050-551:2001, 551-20-14, modified — The abbreviated term TDR has [peen
addefd.]

B.2.2.11

indiVidual distortion ratio
IDR
ratio |of any Hapmonic component to the fundamental:

IDR — On

O

Note 1 to entry: In IEC 60050-161:1990, 161-02-20, this term is named "nth harmonic ratio".
B.2.3 Conditions of application
B.2.3.1 Reference values

For the purposes of this document and for clarity, limits are referred to the corresponding
rated value.

Limits for THD and TDR are applied to:
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wherg Oy is the rated RMS value of the fundamental.

NOTE|1 It is important to note that THD does not include interharmonics, and that the upperlimit H is ge
40. TPR does include interharmonics and frequencies above the order 40 up to 9 kHz. If interharmonig
emiss|ons at frequencies above order 40, are negligible, THD and TDR are equal.

Assepgsment of emission should be made under the operating conditions which provid

maxi
refer

NOTE|2 The harmonic content in current (HCI) is designated as the total ‘harmonic current (THC) in IEC 61
12. Where interharmonics can be disregarded, it represents a good approximation of the total distortion con
current (DCI):

B.2.3.2 Systems and installations

A POS is generally a component of a larger system which can be as large as a com
procgssing line in the paper or metal industry. To avoid any confusion in this documen

word
conn

B.2.3.3 Load conditions

For t

the gverload conditions (acceleration or other) do not exceed a total duration of 5 % in a

61800-3:2017 © IEC 2017 - 65—

bnce to the rated value. Nevertheless, interharmonics should He considered separate

h=40
THC = HCI = | >'(1,)7 3WCI =(|1* - 12)
h=2

"installation" is used exclusively to designate the complete installation whig
ected to a PCC (point of-common coupling) on a public power supply network.

he system, the\sfeady state conditions represent the worst case conditions provideg

erally
s and

b the

mum value of the harmonic content in current according to.*EC 61000-3-12, apd in

ly.

00-3-
ent in

plete
, the
h is

that
24 h

period, and 1.%in a 7 day period. If the load of the system is defined by a cycle, assessment
of hgrmonic.emission during a period of highest load should be performed according tp the

measurement method defined in IEC 61000-4-7.

Over

Oad condltions are not consiaerea 1or assessment or IOW Voltage FUS WITn rated

current below 75 A (see B.3.2.2).

B.2.3.4 Agreed power

The agreed power Sgt defines the equivalent reference current /1y (total RMS value):

Sst = Uy x Ity x 3

where

Un

ITn

is the nominal (or declared) line-to-line voltage at the PCC;
is the reference current.

nput
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Note that Iy is close to the tripping current value of the main circuit breaker of the installation.
Sg1 represents 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
reasonable short-circuit power (fault level) Sq defined at the PCC. This is the responsibility
of the power distribution authority.

NOTE The "agreed power" results from an agreement between the user (owner of the installation) and the utility
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. (per unit), the reference current /14 is by
convention equal to /oy

TV

B.2.3.5 Agreed internal power (extension of the definition of agreed power)

The agreed internal power S;1, , for an installation at a defined IPC "a", defings/the equivialent
refergnce current I1yp (total RMS value) for the part A of the installation fed fjom a:

Sita = Un x Irna x 3
wherg Uy is the rated line-to-line voltage at the IPC "a".

Note|that /1y is the rated current of the feeding section ofithe part A of the installation.[I7ya
is clgse to the rating of the circuit-breaker protecting this\part A. It can be assumed that for
each| agreed internal power there exists a reasonabte‘short-circuit power (fault level) |Sgc,,
defined at the IPC "a". This is the responsibility’ of those in charge of internal power
distripution.

B.2.3.6 Short-circuit current ratio of the'source in the installation

Rg, i$ the ratio of the short-circuit power;of the source at a defined PC to the rated appprent
powdr of the installation, or of a part of the installation, supplied from this PC (see Figureg B.2):

Rsia = Ssca/SiTA = Isca/ITNA

The [subscript "A" indicates the considered part of the installation and the subscript "o
indicates which PC is atthe origin of this part.

NOTE|1 Subclause 3:9:9 of IEC 60146-1-1:2009 defines the relative short-circuit power (Rgc) as the "ratio[of the
short-gircuit powerof\the source to the rated apparent power on the line side of the converters. It refers to a| given
point pf the network, for specified operating conditions and specified network configuration.". This is the|same
concept. However, Rg, is referring to the rated apparent power of the total load downstream of the point of coupling
insteap of thefundamental apparent power of a defined load (the converter) downstream of the point of coupl|ng.

NOTE| 2\ This definition can be applied to the totality of the installation. In this case, the point of coupling (PC) is
the point of common coupling (PCC), and I;ya corresponds to the agreed power.

NOTE 3 This definition can also be applied to a part of an installation of rated current I;ya. The short-circuit
current ratio of the source in the installation Rgj5 is expressed as the ratio of the short-circuit current at the internal
point of coupling (IPCa) of the part of the installation to its rated current.

NOTE 4 By extension, this definition can also be applied to a part of an equipment of rated current I1y;. Rg); is
expressed as the ratio of the short-circuit current available at the internal considered point (delivered by the source)
to the rated current of part of the equipment supplied. This extension is strictly dedicated for consideration of
internal constraints of equipment.

NOTE 5 In Figure B.2, the installation shows a part A with a short-circuit current ratio of the source Rg 5. The part
A contains part B, part B has a short-circuit current ratio of the source Rg g, part A also contains a part C, etc. The
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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the
connection .

1
IPCa @ * T T

Impedance of i PCC

B.2.3.

Rge 14

of th¢ equipment (see IEC 61000-3-12):

NOTE|

equipment (e) is fed from a bus bar (IPC;), with a-point of common coupling (PCC) at which the short-circuit g

is Isc,

This

conngction of a piece jof equipment to the low voltage public supply network.

£
Rgia é Part A
L
IPCy et

iPCp @ DTy
£ I T ]
AsiB Rz
SIC
Part B etc. ;] IIP08
Part B1 ‘]

Equipment e

Part B2

IEC

Figure B.2 - PCC, IPC, installation current ratio and Rg,

7 Short-circuit ratio

the ratio of the short-circuit power of the source-at.the PCC to the rated apparent p

Rsc = Ssc/Sye= Isc/ILne
1 With the example of Figure B.3, it can_be“expressed as a function of the relevant Rg;. The pi

and draws a rated current /| yo. Applying\thre above definitions gives:

Rsie = Sscs/Sire = Isgslline = (Uscs/Isc) X (Isc/line) = (Sscs/Ssc) X (Rsce)
or Rsce = (Ssc/Sscs ) X Rgie

definition is suitable, in the application of IEC 61000-3-12, for defining the conditi

ower

pce of
urrent

bn of
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B.3.1
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IPCS

Equipment e
Rsc
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Figure B.3 — PCC, IPC, installation current ratio and Rg¢

2 Clause A.2 of IEC TR 61000-2-6:1995 gives another definition of Rg; for rectifiers referring to t
t.

.8 Non-distorting PDS

he DC

S complying with the limits of IEC 61000-3-2;" or with the limits for Rgcg = 33 in Taple 2

C 61000-3-12:2011, can be labelled: "Non-distorting PDS". The use of such a Pl
ed without any restriction.

Application of harmonic emission standards

General

DS is

In th¢ theoretical study of power converters and their use, converters have been modelled as

sour(
comf
they

whicl converts them into harmonic current sources.

es of harmonic currents. Some new converters of voltage source type (using fq
hutation and PWMycontrol) are better described as harmonic voltage sources, ther
are connected tojthe PC (which is also a voltage source) through an impedance (re3

Howg
conv

ver, this“common model is not suitable when the internal harmonic impedance o
rtef is*low compared to that of the network. As a simple example, consider the cass

rced
efore
ctor)

f the
of a

A minimum knowledge of the system is necessary for establishing a model of the harmonic
sources. The harmonic current source model is often suitable for most converters and
harmonic orders up to 25. However, this model should be revised for frequencies above the
harmonic order 40, where harmonic voltage source models are generally more convenient.
Special care should be taken to define the appropriate model in the medium range between

harm

onic order 25 and 40.

Different models have already been given to define the order and the amplitude of the
different harmonic components for different types of converters. A summary of these
publications is given in IEC TR 61000-2-6:1995, Clause A.1, and in IEC 61800-1:1997,
Annex B, , which include information from IEC TR 60146-1-2.
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Such an analysis is not repeated here.

A PDS is often a harmonic current source which contributes to harmonic voltages. The
harmonic voltages should be compared to compatibility levels from IEC 61000-2-2 or
IEC 61000-2-4. The influence of operating and installation conditions should also be
considered. This is pointed out in [IEC TR 61000-2-6, which also gives methods for summation
of harmonics. Naturally, this has consequences on the appropriate mitigation methods (see
Annex C) and on practical rules for connection of a PDS (see Clause B.4).

Industrial practice, with PDSs of category C4, establishes optimal solutions from both the
technical and economical points of view. These include adapted mitigation methods, for
exanyple, the use of defined phase shifting transformers applied to different PDSs.

Filtening each PDS individually can cause a severe risk of multiple resonancexfrequericies.
Addifionally, because the harmonic impedance and the existing voltage Idistortion are
genefally unknown and unstable, the rating of the filter is particularly difficult to define.
Therg¢fore, a global approach to filtering of the whole installation shouldybe” used. Sugh an
apprach is developed in IEEE Std 519T™,

B.3.2 Public networks
B.3.4.1 General conditions

For Ipw voltage PDSs of rated input current exceeding 16(Avand up to and including 75 fA per
phasge, IEC 61000-3-12 specifies the limitation of harmonic currents injected into the public
supply system. The limits given in IEC 61000-3-12_,are primarily applicable to electrical and
electronic equipment intended to be connected to public low-voltage AC distribution systgms.

When a PDS is equipment within the scope’of IEC 61000-3-12, the requirements of| that
standard apply. However, when one or more PDSs are included in equipment within the scope
of IEIC 61000-3-12, the requirements of.that standard apply to the complete equipmen{ and
not to the individual PDS.

The fest set-up for direct measurement or for validation of a computer simulation for PDSs
withip the scope of IEC 61000-3-12 consists of a voltage source and measuring equipment as
descfibed in IEC 61000-4-7{ If 'a synchronous machine is used as an independent sourde for
the test, it should be noted that its harmonic impedance is determined by the negative
sequgence impedance,not by the short circuit current.

NOTE|1 If the PDS ifcludes a phase shift transformer, the point of measurement is on the primary side.

Meagurements\“are performed under steady state conditions. Power overload conditions
(affegting torque at full speed) are quite exceptional applications, and if any, are sufficiently
limitgd inltime not to be considered.

The emission level may be assessed either by direct measurement or by a validated
simulation under the conditions defined in IEC 61000-3-12. The following two operating
conditions are defined to cover the different types of PDSs:

e rated input current at base speed in motoring mode (voltage source inverter);

e rated torque at 66 % of base speed in motoring mode (thyristor DC drive or current source
inverter).

NOTE 2 IEC 61800-1 and IEC 61800-2 define base speed as the lowest speed at which the motor is capable of
delivering maximum output power. In the case of a voltage source inverter, this is often the same speed as if the
motor was fed directly from the mains supply.

For equipment neither covered by IEC 61000-3-2 nor by IEC 61000-3-12 (for example rated
current above 75 A), recommendations are given in Clause B.4.
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NOTE 3 Harmonics of the different electrical components of the equipment can be summed using the more exact
analytical physical law suitable to the nature of the PDS and to the nature of the other components (see B.3.3).

B.3.2.2 Assessment by simulation

The simulation assessment of individual harmonic emission of a PDS should follow the basic
rules summarised in Figure B.4. Characterisation of the PDS and of the voltage source is the

starting stage.

Harmonic emission

assessment
Define the PDS Define the voltage sourcg
- type of converter Characterise gN VOIItage :jgvel '
- voltage and current ——— | thevoltage source |« " - voltage-distortion levs
ratings and the PDS T : Yoltage unbalance
Z(h)~.sdurce impedance
= Rscemin RE
e
N Define the model for simulation

considering the PDS and the voltage source characteristics

Test for validation of the model

Simulation For a product range (same type of equipment):
one product at or near each end of the range|

Comparison of results
within the tolerance

NO

The model is validated
for the PDSs of the type
at any rating in the range

Proceed to simulation
for defining harmonic emission
with the source under ideal conditions
at nominal voltage, without distortion, unbalance, and

Z(h) = 27hFy x L

IEC

Figure B.4 — Assessment of the harmonic emission of a PDS

In the case of high power or medium voltage equipment, the validation of the simulation may
be a more complex process than the process described here.
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B.3.2.3 Load conditions for assessment by test
B.3.2.3.1 General

When the harmonic emission of a PDS is measured individually, the characterisation of the
voltage source and the PDS is performed as in B.3.2.2. For equipment with rated input current
above 16 A and up to 75 A, IEC 61000-3-12 requires the Rgcgmin during the test to be at least
1,6 times the Rgog Which is referenced for compliance declaration. The load conditions are
set as follows:

e 100% rated input current or less, maximising THC;

o I UiUIiIIg Upb‘ldiiull,

o sfeady state.

Figude B.5 illustrates the test set-up with a mechanical load. Figure B.6 and, Figurg B.7
illustfate the electrical possibilities when a mechanical load is not available.

Sugply
netywork

PDS under test

Current protis Converter Mechanical
Motor load

Transformer
br voltage adaptation
hd/or Ry, adaptation

—h

Q

Test equipment

IEC

Figure B.5 — Test set-up with mechanical load

B.3.4.3.2 Diode input rectifier

PDS |with diode input rectifier (or thyristor rectifier, the thyristors being used as diodes with a
functjon of contactor) may be tested at 100 % rated input RMS current as defined by the
manufacturer’s specification. The necessary load to obtain the input current may be proyided
by a motor defined by the manufacturer and a mechanical load for steady state operation

The Joaded motor may be replaced by an electrical load which is connected either at the
outpyit of thexconverter, or at the output of the DC link:

e af thieoutput of the converter, the electrical load should consist of a reactor and a registor
(see Figure B.6);

o at the output of the DC link, the electrical load should consist of a resistor (see Figure B.7).

For rated input currents equal to or greater than 75 A, the rated input current condition may
be replaced by the condition maximising the THC.
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Supply
network

PDS under test

Current probe

s ( } } s Converter MN_——
G/

Electrical load

Transformer replacing
for voltage adaptation the loaded motor
and/or Rgc, adaptation

- 4 : .
rest CQUIpPITeTit

IEC

Figure B.6 — Test set-up with electrical load replacing the loaded-motor

Supply
network

PDS under test

Current probe Input
o converter
and d.c. link

Transformer filter
fpr voltage adaptation
gnd/or Ry, adaptation

Electrical l¢ad
replacing the output convefter
and the loaded mqtor

Test equipment

IEC
Eigure B.7 — Test set-up with resistive load

B.3.4.3.3 Line commutated input converter

PDS [with a linehcommutated input converter (thyristor converter) is tested at rated RMS |input
currgnt as defined by the manufacturer's specification, or less for maximising THC. No tept for
regeﬂwerating conditions is required. The necessary load to obtain the corresponding [input

currgnt,may be provided by a motor defined by the manufacturer and a mechanical logd for
steady.state operation.

In the case of a current source converter, the loaded motor may be replaced by an inductor at
the output of the DC link (instead of the motor). In the case of a voltage source converter, the
loaded motor may be replaced by a resistor at the output of the DC link (see Figure B.7).

NOTE Conditions producing maximum THC are close to the conditions producing the maximum value of peak-to-
peak ripple current, in the DC link at the output of the input converter.

B.3.2.3.4 Self-commutated input converter

PDS with self-commutated input converter is tested at rated RMS input current as defined by
the manufacturer's specification, or less for maximising THC. No test for regenerating
conditions is required. The necessary load to obtain the corresponding input current may be
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provided by a motor defined by the manufacturer and a mechanical load for steady state
operation.

The loaded motor may be replaced by a resistor at the output of the DC link. A back to back
setting for loading is also possible; in such a case, it is obvious that only the current of the
input converter is measured.

B.3.2.4 Representative maximum of THC

It is not always necessary to operate at the rated input current to comply with the requirement
of maximising the current THC (total harmonic content in current).

NOTE| In this document, THC is the total harmonic content (see B.2.2.8) which is consisten{ with
IEC 60050-551:2001, 551-20-12. In IEC 61000-3-12, THC represents the total harmonic current whieh cpn be
considered as an abbreviation of total harmonic content in current.

For dertain types of converters (for example current source), the ripple current’in the D¢ link
depehds on the speed of the motor. Worst conditions are obtained at zéro speed, which is
equiyalent to the loaded motor replaced by an inductor at the output of ¢hé DC link. This|case
is geperally not representative of normal operation of the PDS.

For 4 PDS of rated input current equal to or above 75 A, two operating conditions are required
in ordler to assess the harmonic emissions of the different typés of PDS:

-

ated input current at base speed in motoring mode (voliage source inverter);

—

ated motor current at 66 % of base speed in motéring mode (thyristor DC drive or cyrrent
spurce inverter).

For ather types of PDS, where it is not obvious“which of the above conditions is the worst
case| both of these conditions should be asséssed. In both cases harmonic currents sll\ould
be agsessed as a percentage of the rated fundamental input current. The case with the hjgher
valug of THC should be considered as the‘worst case.

When these two conditions cannot<be assessed (by test or by validated simulation), or for low
voltape PDS of rated input current-less than 75 A, as an alternative, it is admitted to verifly the
maximum THC condition by means of the following simplified method. The current may bge set
below the rated input current;’provided it produces the maximum absolute ripple current in the
DC 1nk. The condition ‘eah be checked by verifying the waveform of the current af the
appropriate location ofthe DC link.

Conditions providing a representative maximum of THC are also met with electrical loads by
adjugtment of-the mean value of the current in the DC link. They may be taken to specifly the
load ponditions of the test for validation of a simulation.

The PR Aindividual distortion ratio, see B.2.2.11) measured under those conditions proyides
an overestimation of the most significant harmonic components o1 the current. They also may
be taken as result of the test when the rated current cannot be achieved, and when simulation
is not used.

B.3.3 Summation methods for harmonics in an installation — Practical rules
B.3.3.1 Principle

Harmonic emissions from the different components are summed in the most appropriate way.
The chosen method of summation can be a fast but conservative approximation. When more
precision is required, the appropriate summation law may be chosen, according to the nature
and structure of the converters of the PDSs. The result is referenced to the rated fundamental
current of the apparatus or of the system (agreed internal power).
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B.3.3.2 Simple arithmetic summation of harmonic currents

In this approach, harmonic currents are summed arithmetically (this approach is simple but
often highly conservative). Calculation of the individual distortion ratio /DR (for each order), or
of the total harmonic distortion THD, is performed for three-phase components, using the
following equation applied to all distorting components (pieces of equipment) belonging to an
installation or to a part of an installation.

HD is the generic symbol for IDR or THD. The subscript "eq" indicates that this value is
attached to a particular piece of equipment in the system. The subscript "IT" indicates that the
example is related to a part of an installation, however the same applies to the whole
instaftatiomt{usingsubscript™"ST):

Seq

0= S e 2

€q

In the¢ equation HD, is referenced to the rated fundamental current of the“component (piece
of equipment), and HD is referenced to the rated fundamental curtent of the part of the
instaflation (agreed internal power).

Single-phase components are taken into account by means of an unbalance pegnalty
coeffjcient:

e fqr single-phase loads, phase-to-phase, the coefficiént is V3:

o fqr single-phase loads, phase-to-neutral, the coefficient is 3:

S
3| HDgq x —
Sit

The penalty coefficient is applied to those terms related to the loads in excess which cfeate
the unbalance condition.

Example: S;t = 150 kVA
Piece [of distorting/equipment N°1: Seq = 25 kVA with HD = 65 % , related to its rated current;
HDgqq = 65 x (25/150)% = 10,8 % , related to Ityy (or Si7 ).

Piece [ofdistorting equipment N°2: Seq = 10 kVA with HD =10 % , related to its rated current;

HDgqp = 10 x (10/150) % = 0,7 % , related to Ity4 (oOr Si7 ).
Piece of distorting equipment N°3: Seq = 1 kVA with HD = 85 % , related to its rated current,

but single-phase (phase-to-phase), equivalent to 1,73 times its rating as
balanced load, with harmonics multiple of three (to be considered):

HDgq3 = 85 x (1,0/150) x 1,73 = 1,0 % related to Ity4 (OF Si7).
For the system HD = (10,8 + 0,7 + 1,0) % = 12,5 % with X So¢/S;r = (25 + 10 + 1)/150 = 0,240
The calculation should be performed for each harmonic order and for THD.

B.3.3.3 Pseudo-quadratic (variable exponent) summation law

The summation of harmonic currents can be made with a more representative law:
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e current known to be in phase (for example diode rectifier), arithmetic summation of
order

In = 2 Iy
e random phase relationship between currents, exponent and summation of each order

1

oo

each

wher

o= 1forh<5;

o= 1,4 for5<h<10;
o =94 for10 < h.

The @bove formulae can be applied to individual harmonic orders and alse’to THD.

This method gives an assessment of harmonic current emissions from the system. The 1
is referenced to the rated fundamental current of the system (agreed internal power) and
be uged to show compliance with IEC 61000-3-2 or IEC 61000-3<12 according to the rati

esult
may
ng of

the machine or of the system. It may even be used for assessment of larger industrial systems

or ingtallations.

Typigal environments where this approach appliés are equipment for light industry
"agrged power" between 30 kVA and 100 kVA, aorvinstallation for light industry with "ag
powgr" between 100 kVA and 300 kVA.

B.3.3.4 Approach for industrial networks based on calculation and/or measurem

If compliance with harmonic emission-limits cannot be proved by the above approximatio
more| accurate assessment of harmonic emissions should be used. This concerns the
curregnt demand of the installation.

with
reed

ents

ns, a
total

should be established. ‘by calculation or measurement. The actual phase relation
betwgen harmonic producing loads should be taken into account so that cancellation e
are nlot ignored.

Typigal envirenments where this approach applies are light industry with "agreed pq
highgr than 400 kVA or industry.

The fotal harmonic current ‘produced by the installation, including the load to be instFled,
f

hips
ects

wer

B.4 L Lati les — A ‘| . ibili

B.4.1 Low power industrial three-phase system

B.4.1 is intended to provide guidance for the use of PDSs for their incorporation in prod
apparatus or more generally in systems. Applying harmonic limits to each PDS can res
an uneconomic solution and/or in a technical nonsense. It is often better to apply a g

ucts,
ult in
lobal

approach to filtering of the whole installation. This requires a summation of the harmonic

currents produced within an installation.
The procedure for the assessment of harmonic emissions is summarised in Figure B.8.

As stated in 6.2.3.1 and 6.2.3.2, IEC 61000-3-2 and IEC 61000-3-12 apply to appa

ratus

comprising PDSs that are directly connected to a PCC in a public low-voltage network.
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Checking of compliance is performed by comparing, with tables in the appropriate referenced
standard, the levels of individual harmonic currents and total harmonic current (THC)
produced by the system or apparatus.

For PDSs which are not covered by these publications, the following procedure can be used
as a guide. The usual approach is to apply limits of harmonic current to the complete
installation. The assessment of the total harmonic emission is performed with appropriate
summation laws, according to the required approximation (see B.3.3). Simplified methods and
criteria are possible when the agreed power is within a medium range (for example between
100 kVA and 300 kVA), as suggested in Figure B.8, or according to local rules. It is in the
responsibility of the user to meet the adequate limits at the PCC.
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A ment of Note: all harmonic references
ssessment o Start are made to currents

harmonic emission
es
@ —%»' pDS tobe ignored

PDS can be used noi
in an apparatus
or in a system
under the followin

conditions
I ,iNot in scope Typical environment:

PDS can be used
without any restriction

residential and
commercial offices

Assessment of harmonic emission

of the system using the PDS

Low voltage public network Industrial network
v
v 100 kVA < agreed power < 300 kKVA
Agreed power < 100 kVA i
v
Reference = rated current Reference = rated current
of the apparatus or system of the total installation
(rated power of the system) (agreed power or internal agreed power)
Summation of harmonic contents Summation of

- arithmetic sum according to B.3.3.2; or harmonic contents
- arithmetic or pseudo-quadratic sum, variable

- pseudo-quadratic sum according to{B}3.3.3; or exponent summation law
) ) . (function of known phase relationship).
- vectorlgl summation as accurate as possible According to B.3.3.3
according to B.3.3.4. - vectorial summation, as accurate as possible

for each order of the harmonic content of every load

of the system, and/or measurement.
According to B.3.3.4

Typical environment:
Typicalenvironment: commercial offices
e and light industry
Check compliance with IEC 61000-3-12
—— THD < 10,0 %

commercial offices

and light industry L FOTEr SEhTEEn 100 gy

diid SJUURVA

Typical environment:
industry with agreed power
above 100 kVA (and MV systems) ¢

Check compliance with Table B.2 depending on the value of Rs

IEC

Figure B.8 — Assessment of harmonic emission where PDS is used
(apparatus, systems or installations)
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B.4.2 Large industrial system
B.4.2.1 Principles

B.4.2 is intended to provide guidance for the use of PDSs for their incorporation in systems.
Applying harmonic limits to each PDS can result in an uneconomic solution and/or in a
technical nonsense. It is often better to apply a global approach to filtering of the whole
installation. This requires a summation of the harmonic currents produced within an
installation.

The procedure for the assessment of harmonic emissions is summarised in Figure B.8.

IEC TR 61000-3-6 should be applied directly for installations supplied by a medium voltage
powdr supply network, which is the case for large PDSs and particularly those of rated”voftage
above 1 000 V AC.

It is Jusual to separate the installation into different parts according to-natural decoupling
devides (e.g. transformers). The separation should result from the analysis of the comfplete
netwprk, taking possible resonances into account (see Figure B.2).

The |ocation of required filters should be carefully established,.but it is evident that filtering
each|PDS is not practicable.

The psual approach is to apply limits of harmonic currentito the complete installation, [or to
parts| of the installation as seen above. In critical cases,@ more detailed analysis involving the
exist{ng level of voltage harmonic distortion is used.

B.4.3.2 Current distortion determination method for complete installation

In thjs approach, harmonic current limits "are applied to the whole installation. Limits are
applied both to individual distortion ratios(DR) for individual orders and to THD.

The harmonic currents of the totallinstallation should be in accordance with the follgwing
Tablg B.2 at the defined point oftcoupling. See definition of Rg, in B.2.3.6. The PDS supplier
and ¢ustomer should agree on.the point of coupling (PCC or IPC) and on the applicatiophs of
otherl emission limits coming from local regulations. The point of coupling should be an
identjfied bus bar.

NOTE| From the definition of Rg,, dedicated to a defined bus bar, it is clear that all loads fed from this bys bar
contribute to the definition of the corresponding current (/1) to be taken into account for calculation of hagmonic
emiss|on.

In th¢ USANEEE Std 519 applies this approach at all voltage levels for electricity distribjution
netwprks( Table B.2 gives an example of practical limits already experienced in North Amlerica.

Harmonic currenis are expressed as percentages of the total current corresponding to the
internal agreed power of the AC supply of the total installation (IDR). In the case of a PCC,
the load current is defined by the “agreed power”, as agreed between the user and the utility.
In the case of an IPC, the rated fundamental load current is equal to the rated load current of
the feeder to the IPC. See subclauses B.2.3.5 and B.2.3.6.
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Table B.2 — Harmonic current emission requirements
relative to the total current of the agreed power at the PCC or IPC

Individual distortion ratio /DR
RSI h<11 11 <h<17 17 <h <23 23 <h<35 35<h<40 TDR
Rg <20 4 % 2% 1,5 % 0,6 % 0,3 % 5%
20 < Rg < 50 7% 3,5 % 25 % 1% 0,5 % 8 %
50 < Rg, < 100 10 % 4,5 % 4 % 1,5 % 0,7 % 12 %
100 < Rg, < 1000 12 % 55% 5% 2% 1% 15 %
1000]< Rg, 15 % 7% 6 % 25 % 1,4 % 20 %

For s

Even|harmonics are limited to 25 % of the odd harmonics.

factof 4/¢q/6 . This corresponds for a 12 pulse system to \/E The THD limit remains unchangéd:

lystems with a pulse number (= ¢) higher than 6, the limits for each individual harmonic arelincreased hy the

B.4.3.3 Case by case analysis

As an alternative, a complete analysis of the system can be, conducted, and should be
condpcted in critical cases. The results of the analysis can.thenh be used to correctly define
the total filtering, or other mitigation methods.

The following procedure should be adopted:

—

He operator of the distribution network — public or private);

Clause A.2, gives information on.the harmonic impedance encountered in networks;

into the system (at the responsibility of the manufacturer);

calculate harmonic voltages that can result from this (at the responsibility of the user)

NOTE| All the rules and nrethods listed in IEC TR 61000-3-6, although defined for medium voltage (from 1

to and

their Ipw voltage parts.

In th¢ case ofia PCC, the resulting harmonic voltages should not exceed the planning |

defin

the cpmpatjbility levels.

Com

apsess the existing level of harmonic voltage distortion at the PCC (at the responsibility of

calculate or measure the harmonic ximpedance of the supply at the PC (af the
résponsibility of the operator of the distribution network — public or private if PCC 4 and
the responsibility of the user if IPC'& internal point of coupling); IEC TR 61000-2-6:1995,

calculate or measure harmonic currents that the PDS to be connected is going to |nject

kV up

including 35 kV)r high voltage (> 35 kV) public networks, are applicable to industrial networks, indluding

pvels

ed by_the-utility. In the case of an IPC, the resulting harmonic voltages should not exceed

patibility levels Tor harmonic voltages are defined by IEC 61000-2-Z on low voltage public

systems, by IEC 61000-2-12 on medium voltage public systems and by IEC 61000-2-4 on
private industrial systems.

At the PC an available nominal power (called agreed internal power) can be defined. In the
case of a PCC this is the “agreed power” (see B.2.3.4 and B.2.3.5). A disturbance allowance
can be allocated to the PDS to be connected. The reasonable solution consists of defining
this disturbance allowance proportional to the ratio of the PDS's rated power to the agreed
internal power at the PC, and proportional to compatibility levels defined by standards quoted
in B.4.2.3.
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B.4.2.4 Telephone interference
In North America and Finland, the parallel construction of energy distribution and telephone

lines has led to the introduction of TIF (telephone interference factor). |IEEE 519-2014,
Annex B, presents the result of a weighting of the various harmonics.

The equivalent psophometric current is defined as Io =1 < TIF,

and the local recommended practices require that Iy < Ipp

B.4.3 Interharmonics and voltages or currents at higher frequencies

In thlis frequency range, above harmonic order 40 and up to 9 kHz, the."PDS should be
cons|dered as a voltage source emitter. There are no emission requirements for PDSs| until
compatibility levels will be standardised.

Howegver, application of certain types of PDSs can require the consideration of the emissipn of
interarmonics or of currents or voltages at higher frequencies—(up to 9 kHz). This is mainly
the dase for high power PDSs such as cyclo-converters oricufrent source inverters. Thig can
also pe the case for active front-end converters where thée_PWM switching is directly colipled
to the¢ network.

Interharmonics at frequencies slightly different from the fundamental or from predomjinant
harmionics can also cause voltage fluctuations (see B.6.2). They result from beat frequepcies
whiclh can be seen on non-linear systems stich as lighting (function of the square of the
voltape). The non-linear response of the disturbed equipment causes the sum and diffefence
of the different harmonic or interharmonic frequencies to appear. The difference frequency
can be in the range that causes flicker>The main origin is cyclo-converters or current s¢urce
inverters. This case is covered by compatibility levels given in IEC 61000-2-4.

B.5 | Voltage unbalance

B.5.1 Origin

Voltage unbalance on a three-phase system is generally caused by unequal loading on tyo of
the three phases:*by single-phase loads. The voltage unbalance is directly related to the
amoynt of the single-phase load as a percentage of the rating, and to the impedance df the
maing suppl."As an example, consider a three-phase transformer with a defined regulation,
and pnly. a single-phase load connected between two phases. If the load is a significant
perce¢ntage of the kVA rating of the transformer, the output voltages (phase to neutral) df the
two phases connected to the load will be reduced while the third winding without any load will
remain the same.

Significant unbalance on transformers will cause excessive heating. The manufacturer should
be consulted to determine if the transformer is capable of supplying single-phase loads that
are a significant percentage of its rated kVA capacity.

Other three-phase loads connected to an unbalanced three-phase source of power are
generally affected in a detrimental manner. As an example, the unbalance will cause a
reverse sequence current to flow in a three-phase induction motor, which will reduce the
torque output at rated current or cause excessive heating at rated output of the motor. In
some motors, an unbalance of 3 % can result in a 10 % derating of their output. If an
unbalance condition exists on the mains supplying a three-phase motor, it is important to
consult the motor manufacturer to determine the proper derating for safe operation.
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B.5.2 Definition and assessment

B.5.2.1 Definition
Voltage unbalance is defined in IEC 61000-2-2, IEC 61000-2-4 or IEC 61000-2-12. Some
methods of calculation are given below.

In a polyphase system, voltage unbalance is a condition in which the RMS values of the
fundamental component of the line-to-line voltages, or the phase angle between consecutive
phases, are not all equal. For the purposes of this document, the degree of that inequality is
expressed as the ratio of the negative sequence component to the positive sequence
comperert

In some circumstances, the zero-sequence component should be included in the ass&ssment
of vo|tage unbalance.

B.5.3.2 Complete analysis

The @ccurate definition relates to symmetrical component analysis of the-three-phase system.
This type of analysis is based on the concept that any phase voltage(deviation from the |ideal
thred-phase system can be described by the addition of three vectors. They are called the

zero [ positive and negative sequence vectors and are defined as follows.
Ua = Upog * Upq + Upo phase A voltage

Upno | = (Up + Ug + Up)I3 zero sequence)ycomponent

Upnq | = (Ua + a Ug + a2 Ug)I3  positive seguence component

Upo | = (Up + a2 Ug +a Ug)/3  negative sequence component

wherp U, , Ug , and U are the phase-voltage vectors and "a" is the operator,

(1/2) +j (V3/2).

a=—
The fatio of the negativetsequence to the positive sequence voltage is the voltage unbalance.
This |s as follows:

7% =100 U,/U,4
Example 1 Amplitudes and phase angles of line-to-neutral voltages are known allowing the line-to-line voltages

and thie corresponding phase angles to be calculated.

Upan = 231,00 and 0,0°, Ugn = 220,00 and -125,1°, Ucn = 215,00 and  109,8°
Upg = 400,26 and 26,7°, Ugc = 386,03 and - 98,0°, Uca = 365,01 and  146,3°
resulting in zero sequence Uy = 12,91 and 35,2°,

Uy = 221,41 and -5,0°,
11,78 and 90,7°,

positive sequence

negative sequence U, =
and voltage unbalance: 7= 100 ( 11,78/221,41) = 5,32 %, with a zero sequence component of 5,83 %.

Example 2 Amplitudes and phase angles of line-to-neutral voltages are known allowing the line-to-line voltages
and the corresponding phase angles to be calculated:

Unn = 230,00 and  0,0°, Ugn = 280,00 and —135,0°, Uy = 170,00 and  130,0°

Ung = 471,57 and  24,8°,  Ugc = 340,00 and —105,1°, Uca = 363,41 and  159,0°
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resulting in  zero sequence Up = 34,26 and —-138,7°,
positive sequence Uy = 223,09 and -3,7°,
negative sequence U, = 49,59 and 48,1°,

and voltage unbalance: r = 100 ( 49,59/223,09 ) = 22,23 %, with a zero sequence component 15,36 %.

B.5.2.3 Approximate method

2017

Three approximations are given below. The first one usually provides the best results, with an
error less than 5 % for any kind of unbalance for which the line-to-neutral voltages have
phase angles within a tolerance of +15°, and the amplitude within a tolerance of +20 %

comy

ared to the corresponding ideal balanced system (positive sequence or ne

ative

sequ

The much more simple approximation:

ence).
Upz and Uz, are the three line-to-line voltages, with &; = (Ujj — Uayerage)/(3 *\Uaverag

of the three line-to-line voltages, and rthe voltage unbalance as the ratio.of the neg
bnce voltage amplitude to the positive sequence voltage amplitude,

m(zjx Ymax 7Hain

Uaverage

) for
ative

provides acceptable results (absolute error:generally less than 1 %) for zup to 7 %.
The formula proposed by NEMA also\gives acceptable results (absolute error generally] less
than |1 %) for T up to 10 % or whergcphase shifts are large:
MAX Uij - Uaverage
T~

Uaverage
Example 1 As abovet
UAN = 231,00 UBN = 220,00 and UCN = 215,00
Upg =[400,26 Ugc = 386,03 and Ugp = 365,01
Uaverape'=(400,26 + 386,03 + 365,01)/3 = 384,07 and without decimals  Upyerage = (400 + 386 + 365)/3 = 383,66
812 =1,433 % 853 = 0,197 % 831 =—1,629 %

The voltage unbalance is [6 (1,4332 + 0,1972 + 1,6292)]"2 =53 %

or (2/3) x (U, = Upi) | U,

= (2/3) x (400 — 365)/383,7 = 6,1 %, or using the last approximation:

average

19,1/383,7 = 5,0 %.

Example 2 As above:

Uan =
Ung =

U

average

230,00 Ugn = 280,00 and Ugy = 170,00
471,57 Ugc = 340 and Ugp = 363,41

= (471,57 + 340 + 363,41) / 3 = 391,66
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812 = 6,801 % 623 = —4,397 % 831 = —2,404 %
The voltage unbalance is [6 (6,8012 + 4,3972 + 4,3972)]'2 = 20,7 %

or (2/3) x (Upy —
80,6/391,7 = 20,6 %.

Umin) I,

average

=(2/3) x (472 — 340) / 391,7 = 22,4 %, or using the last approximation:

B.5.3 Effect on PDSs

The effect on the PDS will vary depending on the type of power circuit and control method
used. Each type of control and circuit should be analysed in detail. Generally, the effect will
be small on controlled or uncontrolled converters that supply resistive loads. Phase controlled
converters of the type that use phase shifted line voltage for their reference will be affected
less than converters that use a voltage ramp synchronised to the line using zero crossihgs for
their reference. Controlled or uncontrolled converters that supply capacitor banks, used ip the
DC lIpop of indirect converters (voltage source inverters), will have current unbalanceq that
are dignificantly larger than the voltage unbalance and larger than converters that supply an
indugtive load such as a DC motor.

Spedjal care should be taken with the design of converters that supply @©dpacitor banks since
the peak current is greatly magnified by the voltage unbalance. For very)large capacitor hanks
wherg the ripple voltage is small, the peak current from each phase is limited only by the
sour¢e impedance and any additional impedance in the PDS and‘the difference between the
capatitor bank voltage and the line voltage. The ratio of peak‘currents between phaseg can
be a$ large as 20 % for 3 % voltage unbalance with a 1 %\sOurce impedance. Fortunately,
this |{s an extreme condition since it is unlikely that single-phase loading could causg this
magnitude of unbalance with a 1 % source impedance.,

B.6 | Voltage dips — Voltage fluctuations

B.6.1 Voltage dips
B.6.1.1 Definition

Perhaps the most common form of<low-frequency disturbance is the voltage dip or a reduction
of voltage on one or all of the three phases. A voltage dip is a sudden reduction of the voltage
at a point in the electrical system, followed by voltage recovery after a short period of ftime,
from |half a cycle to a few seeonds. A voltage dip is generally caused by the clearing of faults
by tHe utility supplying the’ mains or by the starting of large motors in or near the user's
locatlon. Surveys by different utilities in different countries have shown that voltage dip$ can
rang¢ from a time ¢f jhalf a cycle to 15 cycles or more at voltages outside the 10 % voltage
tolergnce. The residual voltage (lowest value of the voltage during the dip) is now preferred to
the depth of the-dip to characterise the magnitude (the depth is the difference between the
reference voltage and the residual voltage). The residual voltage largely depends on the
relative loCation of the voltage source (generally a high voltage/medium voltage substation),
the gdvent-equivalent to a short circuit and the observation point. Comprehensive informjation
is avgilable in IEC TR 61000-2-8.

B.6.1.2 Effect on PDSs
B.6.1.2.1 Fundamentals

Voltage dips can have detrimental effects upon the performance of PDSs. When the supply
voltage is reduced, usually the power that can be transferred from the mains to the motor is
also reduced. However, some PDS converters compensate for voltage dips over limited
ranges by changing control angles for input rectifiers. Also of concern, regenerative
converters that transfer mechanical power from the motor back to the mains may encounter
issues with voltage dips.
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The effect of voltage dips on PDS should be considered according to the physical nature of
the driven equipment. Moreover, the electronic control of the PDS and the power converter
components should be distinguished (see IEC TR 61000-2-8).

The control part could be immune, with performance criterion A, to certain types of dips, and
this could be of no use unless it is consistent with the behaviour of the converter or of the
driven equipment. The converter has no energy storage capability. The driven equipment
generally has little energy storage capability, which can be used under certain conditions. To
claim that a PDS is immune to voltage dips purely on the basis of the immunity of the control
part would be misleading. The use of a specific sequence in the control should be
documented to make it possible for the user to define the suitable adaptation to the driven
equigment.

B.6.1.2.2 Controlled converters

Contfolled converters, such as those that are made up of thyristors, GTOs\ (gate turn off
thyrigtor), or transistors, are generally used to convert the AC mains to a variable DC voltage.
The [logic that is used to synchronise the control of the power semiconductors is pften
designed to inhibit rectification when the mains voltage drops below acspecific value. In $ome
caseg, the control is shut off until the user resets the logic or, in ‘others, operation wjll be
resumed only if the voltage returns within a specified amount of time. Normally, the PD$ will
not be able to control the motor during the dip interval and control could be lost until the [logic
is repet. If the process that the PDS is controlling is critical, discussions with the [PDS
manyfacturer should occur such that the reaction of the logic'to the voltage dip is compatible
with the process needs. In some critical cases, it is necessary to apply additional measures
(for gxample alternative power sources) to carry the process through severe voltage dips.

Durirlg voltage dips, the power available from the BDM/CDM and to the motor is reduced.| This
can pffect operation depending on the motor-operating points. Consider the case |of a
contrplled 6-thyristor bridge supplying powersto a DC motor. If the motor is running at| high
speef, a voltage dip can cause the peak lin€ voltage to drop below the armature voltage| The
thyrigtors will be commutated off by the @rmature circuit and the current in the armature dircuit
will Qe reduced. If on the other hand;.\a voltage dip occurs when the motor is running at low
speefl, the control circuitry can advance the control point to compensate for the re%uced
voltape. In this case, the controhbf the motor will not be affected. For critical loads, the g¢ffect
of a yoltage dip should be discissed with the manufacturer of the PDS to determine how the
control circuitry will react.

Regdnerative converters' of the type that use the line voltage to commutate the thyristgrs in
the Hridge are particularly sensitive to voltage dips. If the line voltage drops too low during
this everse power flow, control of the power flow from the motor to the mains is lost since the
thyrigtors cannot-be turned off. If the control circuitry does not react or if the dip is particlilarly
abrupt or oceurs after a thyristor is turned on, the previously conducting thyristor cannpt be
turngd off-and excessive uncontrolled currents can flow from the motor. These currentg can
resulf ify potentially detrimental effects on the process or even damage to the motor{ For
criticalloads _the effect of vnlfagp dipc. an rpgpnpra’ri\/p converters should bhe discussed with
the manufacturer of the PDS to determine how the control and power circuits will react during
this interval. For critical loads, additional circuitry can be added to force-commutate the
thyristors or alternative power sources can be used to carry the PDS through the dips.

Regenerative converters of the type that are force commutated by some means can also be
affected by voltage dips. This is because the reduction in voltage during the dip can reduce
the amount of power that can be transferred from the load to the motor and to the mains. If
this condition exists, control of the motor can be lost during this interval.

B.6.1.2.3 Uncontrolled converters

Uncontrolled converters such as diode bridges are not greatly affected by a voltage dip, with
the exception of the high inrush currents which can flow into the capacitor banks of voltage
source converters after the voltage reappears. However, their output power and voltage are


https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

IEC 61800-3:2017 © IEC 2017 - 85—

reduced during the voltage dip. This can cause detrimental effects on other parts of the PDS.
If, for example, the converter is supplying power to an inverter, the output voltage of the
inverter will be limited and control of the AC motor will be lost.

Some manufacturers also inhibit operation when the voltage feeding the inverter drops below
a specific value. Some designs also require that the logic be reset before operation can
continue. Other designs will restart operation when the voltage returns, but control of the
motor is lost during the interval that the logic is inhibited. This interval can be extended by the
time needed to synchronise the inverter control logic with the actual speed of the motor after
control is lost.

The pynchronisation is needed to match the output frequency of the inverter to the\actual
speefl of the motor. The synchronisation process determines the appropriate frequency and
voltape that should be applied to the motor for smooth transition from coasting to control.

PDSg of the type that would have a very large capacitor bank could ride through short voltage
dips [pecause of the energy stored in the capacitor bank. Generally, it is)not economigal to
makg a capacitor bank large enough to operate through voltage dips.dw the case of critical
loadq, a battery can be used to supply power during the voltage .dip.” PDSs with adapted
control can be able to continue operation during voltage interruption, provided the optput
powdr is near zero. In all cases, the effects of voltage dips on the @peration of the PDS should
be discussed with the manufacturer to determine if the PDS is.campatible with process ngeds.

B.6.1.2.4 General protection types

It has been shown that immunity to voltage dips/is\wvery dependent on the nature of the
converter and on the load behaviour. Absolute protection can be very expensive, and the
choide of the protection should be carefully compared with the process requirements.

Absqlute protection requires a backup power supply. For example, this can be a |[UPS
(uninterruptible power system), external-to the PDS, or a DC source (battery) supplying the
DC lipk of a voltage source inverter.

Ridethrough sequence is a technique which uses the possibilities of the command to avoid
transfent overcurrent, but witheut backup energy. Therefore, the speed of a passive loag will
necepsarily decrease with a_rate approximately given by the ratio of the load torque tp the
inertip. For safety reasons, -this kind of protection cannot be used with active loads (example
of hojsting during regengeration where mechanical braking is necessary).

Flying restart is_the continuation of the ridethrough sequence which can be used in cage of
pass|ve loads with long or very long coast down times. This can also be a protection against
dips pr shortlinterruptions.

Autolmatic restart always implies safety conditions, which are the responsibility of the usier.

B.6.2 Voltage fluctuation

Interharmonics can cause flicker on lighting equipment, as explained in B.4.3, and compa-
tibility levels are given in IEC 61000-2-2, in IEC 61000-2-4, in IEC 61000-2-12 according to
the type of network. Interharmonic emission of a PDS should be limited in such a way that the
calculated interharmonic voltage at the IPC, due to a given PDS, does not exceed 80 % of the
voltage compatibility levels.

PDSs driving large loads such as punch presses, flying saws and machine tools will require
large currents from the mains periodically. This will cause voltage fluctuations of the mains
voltage. The source impedance of the mains supplying these PDSs should be sized so that
the voltage fluctuation does not exceed the 10 % tolerance.
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Peak loads that on average do not exceed the ratings of the supply system, but will produce
deviations of the supply voltage that exceed the tolerance should also be considered when
sizing this impedance. On the public network, the voltage fluctuation from a single piece of
equipment is not supposed to exceed 3 %. If fluctuations are frequent, flicker limits should be
applied to the public network and to any network which supplies a lighting load (see 6.2.4).

B.7 Verification of immunity to low frequency disturbances

According to 5.2.1, the immunity of the PDS to low frequency phenomena may be verified by
calculation, S|mulat|on or test. The manufacturer can use the cells of Table B.3 to identify

whiclrverificatiommethod-thasbeemrusedforeachphenomenmonr—————————————————————

Table B.3 — Verification plan for immunity to low frequency disturbances

Phenomena Calculation | Simulation Test Analysis Not appligable

Harmlonics

Cominutation notches

Voltage variations

Voltage changes

Voltage fluctuations

Voltage dips

Voltage unbalance

Freqyency variations

Supply influences — Magnetic fields
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CcA

Annex C
(informative)

Reactive power compensation — Filtering

Installation

Usual operation

ombination of apparatus, equipment or systems and their feeding systems Awhic
bcted at the PCC.

In th¢ same way, many industrial apparatuses include more than a single PDS.

A dis
suffig
requi

C.1.2
Unddg

sinus
comg

Due

cussion of power factor, reactive power and harmonic emission~of)a single PDS i
ient and can cause unnecessary technical difficulties. In reality,”the solution whi
red is a solution for the installation. The installation contains many different loads.

Power definitions under distorted conditions

oidal or non-distorted conditions. The total apparent power S, to which an elec
onent is subjected, is defined in balanced threé/phase systems as follows:

to the presence of high-order harmonics of voltage and current superposed tdg

fundamental, the expressions_of the active power P and reactive power QO become:

P = 3ZVk I, cosqy
1

Q= 32 Vi I sing;
1

5 not
ch is

r distorted conditions, there is an extension ofhe” definition of power compared to

trical

the

and the. dpparent power is defined as:

A= PT¥Q?

This power is different from the total apparent power. In particular, the following relation
applies:

§? = P2 4 Q% + D?

where D (defined as distortion power) takes into account the power resulting from voltage and
current components with different ordinal numbers.
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The sum of the squares of the reactive power Q and the distortion power D gives the square
of the non active power N:

N2 = Q2 + D?

This power is defined as non-active because it is the difference between the square of the
total apparent power S and the square of the active power P:

NZZSZ—PZ

The Emvwmmmmm from
the nfetwork can be written as:

A_P
s

The power factor correction refers to this parameter.

The jotal displacement factor under distorted conditions, cos¢, is_an extension of the {sual
displpcement factor under sinusoidal conditions, and is defined as:

cosp = 1

If thgre is no distortion in the waveforms of voltage and current, both displacement factors
coindide.

In order to express the influence of the distortion power D, a distortion factor cosy cgn be
introdluced and defined as:

cosy = =
v cos¢

C.1.3 Practical solutions
C.1.31 Common practice

It is yell-known that to avoid overrating of the installation and an unnecessary increase gf the
currgnt flowing-intthe distribution network, it is necessary to work with a good power fgctor.
But practicalcuse considered this power factor only from the reactive power point of vigw; in
fact, jt has<been seen here that harmonic content is also concerned.

It hag ustally been the case that an industrial installation consumes reactive power. Thergfore,
it has also been usual to install a global compensation in order to reduce the displacement
factor and so reduce the installation's consumption of reactive power. In order to do that,
capacitors were installed whether close to the consumer of reactive power, or globally close
to the PCC. In some countries, utilities introduce taxes for that displacement factor,
particularly when the distribution network is heavily used.

C.1.3.2 Evolution of common practice

Because power factor is of concern and because of increasing use of distorting loads,
harmonic compensation is also necessary. This harmonic compensation can be performed
globally with filtering of the complete installation or locally with filters close to the distorting
loads. It can also be better to use non-polluting loads.
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From this introduction, it can be seen that two types of compensation are necessary:
displacement factor and current harmonic content. Two methods can be used for each of
these compensation types: a global approach for the total installation or a local approach for
each distorting load. Four cases can be seen, but none is independent so this problem should
be discussed in more detail.

C1.4 Reactive power compensation

C.1.4.1 General compensation criteria

Power factor correction equipment is composed of capacitor banks connected to the power

altactora T h ralat

line
use d

The
comg

characteristics). It is also a function of the pricing practice of the utility.

The

reactive) during the heavy duty times of the day, within a one month.péeriod.

NOTE|

Forr

=2

C

It 0212 be seen that correction of reactive power consumption cannot be constan
nent. A permanent correction would actually lead to reactive power injection i the

perm
supp
insta
insta

Anot
medi
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ratings the LV side should be preferred.

If po
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f capacitor banks connected by electromechanical contactors.

5ize of the capacitor bank to be installed is a function of the active and reactive p
ensation needed by the system, and also of their variation during the~day (load

correction is frequently defined with the mean value of energy consumption (active

The concept of reactive energy used in Annex C is defined by the time_integral of the reactive power.
hting, it is necessary to know the utility criteria:

bavy duty times in a day;
mits of reactive power ratio free of charge (forexample tan ¢);

ser data such as load-time characteristic.

y network at certain times. The result would be an increase of the voltage in the U
lation which is not necessarily-an advantage. Such a study is of concern for a com
lation and almost impossible for each PDS.

her point is that capacitors can be installed either on the low-voltage side or o
Lm-voltage side. Common practice shows that the installation on the MV side h4d
bmical advantage;~as soon as reactive power correction reaches 600 kvar. For

wer factof/eorrection capacitors are to be installed in networks with harmonic cy
es, it issrecommended that reactors should be added in series with the capacitors.

is so

charTcteristic harmonics, normally the 5th (see C.1.4.4).

that-the resulting resonance frequencies are shifted below the lowest frequency a

d by

ower
Ltime
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C.1.4.2 Application to low-voltage correction

c.1.4.21 Different solutions

Acco

rding to local conditions, three types of correction can be defined:

e individual apparatus correction;

e section correction;

e g

lobal correction.


https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

C.1.4.2.2 Individual compensation — for motor directly coupled to network

- 90 - IEC 61800-3:2017 © IEC 2017

\)k

Rop!

IEC

Global A

i
g
Q——/x-—/x—

Individual

Figure C.1 — Reactive power compensation

Indivldual compensation is particularly advisable when a fixed speed motor rated higher|than
25 k\V exists and if it is to be run for the majority of working hours. This applies in particular to
motofs driving high-inertia machines, such as fans. The operating switch of the motor
autornhatically connects or disconnects the capacitor. It is’advisable to verify that there is hot a

risk qf resonance.

a)

b)

C.1.4.23 Compensation by section

dvantages: The reactive energy is produced directly at the point at which it is consyimed.
reduction in the reactive current load results along the whole length of the power supply
cpble. Individual compensation thus ;makes the most important contribution tq the
r¢duction of apparent power, and of voltage drops and losses in the conductors.

isadvantages: The individual compensation is relatively costly, several small capagitors
being more expensive than a,single large capacitor bank. When the capacitorg are
cpnnected, they raise the voltage of the plant network locally. It would thus $eem
necessary to be able to. disconnect them during periods of low load (and thergfore
increased voltage) in the jpublic network in order to reduce the voltage. Indeed, a|high
vpltage would entail the Tisk of placing excessive stress on the equipment, thus causing
its premature ageing:~The capacitors should consequently be connected, if possible, to
}e network by méahs of their own switchgear. Another important disadvantage is thgt the

—

oliferation of eapacitors in an industrial network increases the risks of resonanceg. All
ese factorsssignificantly reduce the potential advantages to be gained from individual

p
t
cpmpensation.

In th¢_case of compensation by section, a single bank of capacitors, operated by means of its
own switchgear, compensates a group of consumers of reactive energy located in a workshop

or in an area.

a)

b)

Advantages: The compensation by section requires less investment than individual
compensation. However, the load curves should be well-known in advance to enable
correct sizing of the batteries of capacitors and to avoid the risks of overcompensation
(when the reactive power supplied is greater than that required), which produces
permanent overvoltages, leading to premature ageing. The bank of capacitors have their
own switchgear, thus making it easy to disconnect them during periods of low loads on the
public network, even when the corresponding power consumers remain connected.

Disadvantages: The power supply cables of the various power consumers should be
sized to carry both the reactive and active currents. In addition, provision should be made
to protect the capacitors (for example fuses, circuit-breakers, etc.), and discharge them
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for safety purposes (discharging resistors) during maintenance operations. The fuses
should also be regularly monitored.

C.1.4.24 Global compensation

In the case of global compensation, the production of reactive energy is concentrated at a
single point, most frequently in the substation, or in an area which is sufficiently large and
well-ventilated. In installations which have only small power consumers, it is generally
advisable to adopt automatically controlled central compensation, again so as to avoid
overcompensation. Where the load curve shows little fluctuation, it is necessary merely to
engage the whole battery during the periods of operation of the installations.

a) Advantages: The capacitors have a good utilisation factor, and the installation is eas

Com
bank
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a) A
c

C
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W
\'
\'

Riskd
comg
A sin
capa

onitor. In addition, with automatic control by the capacitor bank, the load curve ©
ant can be followed effectively, while avoiding manual intervention (i.e. manual®eng
d disengaging). This solution is potentially beneficial from an economic point of v
e load variations are not attributable to specific power consumers.

isadvantages: The installations downstream of the global compensation conng
arry all of the reactive power.

.3 Application to medium-voltage correction

bensation is generally carried out on a centralised basis, The capacitors are group
5 in the medium-voltage substation. The banks are conné&cted to the medium-voltag

circuit-breaker. Their power can reach several megavars (Mvar), and they ca
bd into smaller sections which are brought into opération successively in order to 9
um compensation as a function of the daily load)curve. Each section is operated
h provided for this purpose as a function of daily. load curve or on-line control.

dvantages: When the banks of capacitors*htave power levels greater than 600 kva
bst of medium voltage compensation“is typically less than that of low-vQ
bmpensation.

isadvantages: This method of compensation provides no relief to the part of the ne
hich is located downstream of“the capacitors. Engaging the capacitor bank c3
bltage transients. Operation *requires more attention than with capacitors in the
bltage section.

4 Risks of resonance

of resonance are-due to the simultaneous presence in a network of capacitor
ensating reactive"power and sources of harmonic currents comprising static conve
nplified singléxline diagram of a network, including a passive load R-L and a battg
Citors compensating the load on a global basis, is shown in Figure C.2.
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MV
X
.
X
PCC- S,
Voltage U
17

Il
I~

/4
L
Harmonic

current source

IEC
Key
P active power of the passive load and losses
reactive power of the passive load
X, impedance of power supply network of short-circuit power S
Xi impedance of transformer of apparent power Sy (reactance xg)

PCC | point of common coupling on the secondary bus with short-circuit-power Sq4
R,L resistance and reactance corresponding to the active and reactive power P and Q of the load

Cc capacitor for compensating reactive energy of power Q.§nd

Figure C.2 — Simplified diagram of an industrial network

A
Network alone
L x (o3
Network with capacitors
S

IEC

Figure C.3 — Impedance versus frequency of the simplified network

Figure C.3 illustrates the changes of the harmonic impedance of the network at the PCC and
the risks of resonance associated with the presence of a source of harmonic currents. The
upstream impedances X, and X; contribute to a reduction in the short-circuit power available at
PCC from the value S, to the value S

sct-

Ssc1 = (1/Ssc0 + Xsc/SN)_1

Therefore, (Z,), the equivalent harmonic impedance of the network at the PCC, for harmonic
order &, has the following value:

Zh = (h U)2 [(h2 Qcond - Ssc1 - Q)2 + h2 P2 ]_1/2
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and the resonant frequency is:

fr = f1 [(Ssc1 + Q)/Qcond ]1/2
where f; is the frequency of the fundamental.

Figure C.3 shows the variation in the impedance Z, as a function of frequency, and the
impedance of the network only due to X, and X;. Note that Z,, shows an amplification at the
resonant frequency f. compared to the impedance of the network alone. Examples of network
impedance and damping considerations are given in IEC TR 61000-3-6.

, at certain harmonic frequencies, the network impedance is high and injection of

, as can be found by applying Ohm's law. There is resonance between _the indyctive
rs and the network capacitors. This has a variety of consequences.

here is a risk of breakdown at the terminals of these capacitors due to the considefable

high harmonic voltage at the terminals of an industrial installation can give rise to
abnormal operation of apparatus with sensitive electrénics and to overheating in rpotor
indings.

d) Tlhe occurrence of harmonic voltages will lead to.@ generation of harmonic currents ip the

distribution network and in other customers’ installations.

Care| should be taken either to reduce the emission of the harmonic current sources, |or to
install filters. The location of capacitors in anvindustrial network is thus an important factor in
the olccurrence of resonances.

Problems of resonance often necessitate a detailed analysis of the electrical network before
they |can be solved. These problems are not systematic in nature but, when they do occur,
their| consequences often mean- damage to equipment, not to mention the effec{s of
accelerated ageing.

The @§bove analysis is limited to one reactive power compensation circuit. It is pointed out that
multiplication of such'circuits in a network multiplies the resonance risks.

c.1.§3 Filtering'methods

Cc.1.51 Criteria

Filteling“of an installation is not relevant for this document. The application to PDS9 has
similar difficulties as that of filtering an installation. Moreover, the analysis developed in
C.14.2, C.1.4.3 and C.1.4.4 about reactive power compensation could be followed with a
similar approach and similar conclusions, only the initial criteria are specific.

When an excessively high-voltage distortion level can be expected, filtering should be applied.
The voltage distortion level is assessed according to Clauses B.3 and B.4. A particular PDS to
be filtered is known with its conventional harmonic emission characteristics, i.e. levels of
harmonic current are known. But this characteristic is not sufficient to define a filter.

A filter generally consists of equipment which is connected to the network and which presents
a very low impedance at the particular frequencies which are filtered. Therefore, the filter
absorbs harmonic currents of those particular frequencies. However, there is no
discrimination between the harmonic current coming from the PDS, and whose preferred path
of low impedance is through the filter (instead of the network of higher impedance), and the
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harmonic current coming from the existing harmonic voltage on the network. The latter current
is only limited by the sum of harmonic impedance of the network and impedance of the filter
(see Figure C.4). From this discussion, it can be seen that designing a filter is a rather
complex affair which requires the knowledge of the three basic parameters:

current to be filtered, the origin of which is the PDS (responsibility of the manufacturer of

the PDS);

existing harmonic voltage (compatibility levels could be chosen but would generally lead to

overrating of the filter);

harmonic impedance at the PC (responsibility of the operator of the distribution network,

ution

who-is-the user-inside-the F::r\fr\ry incase of ID(" or-the npnrafnr of the pnhlir\ distri

network in case of PCC).

The gesign of such filters requires exchange of information between the system supplie
the user.

It is|important to note that knowing the harmonic voltage is of no use-if the harn
impefdance is unknown. Often, preliminary measurements of voltages\and impedance
needgd for a correct rating of the filter.

Finally, the risk of multiple resonances is pointed out for similar reasons which have
developed in C.1.4.4.

C.1.5.2 Passive filter

The most traditional filters are resonant circuits {inductance and capacitors in serie
damped circuits by addition of resistors or more complex structures adding poles and zer
the impedance of the filter.

A filter presents a very low impedance at a particular frequency which is a multiple o
powdr frequency. A bank of filters usingZdifferent resonant circuits in parallel provides filt
of sgveral harmonic orders 5, 7, 11;~and 13 for example (see Figure C.4). They also
inclugle high pass circuits. They are’designed for a fixed power frequency and, in parti

wher

stability of the power frequency:

Y 2y PC
] *
| I |

1
h /‘ Distorting

load

and

honic
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they are only slightly damped, the effectiveness of the filter is dependent upon the

31

BankoffiltersJ] JI JI th
g_ a

h=5Th=7Th=11Th=‘I3T .

Figure C.4 — Example of passive filter battery

Note that filtering of interharmonics requires damped filters and is only efficient in a narrow
band of frequencies.

Two main phenomena are pointed out regarding the risk of resonances.
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e A resonance generally exists at a frequency which is a little bit lower than the tuning
frequency. It is necessary to verify that this will not affect the ripple control or mains
signalling which can be used on the network. It is the responsibility of the user with help
from the utility to inform the manufacturer of such possible mains signalling with the
characteristics of the carrier frequency.

o Filtering of each PDS multiplies the risk of resonances, and the result can affect a large
part of the installation. Generally, only a case by case analysis can get rid of these
difficulties, which is the reason why a global compensation should be preferred.

C.1.5.3 Location of the filter

In th
disto

But
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the harmonic currents at the PCC are increased. Significant harmonic currents also flow t

capa

indiviauat firter, iTteri ai V] i b the

rting PDS.

vith the preferred method of global compensation, the location and structure, of the
d be chosen in regard to the parameters of the installation:
htural uncoupled sections in the network;

her distorting PDSs or distorting loads with their distorting characteristics,
pbnventional harmonic current emission;

hpedances of the distribution network particularly presence,of long lengths of cab
active power compensation circuits (see Clause C.2).

Reactive power and harmonics

Usual installation mitigation methods

dicated in C.1.1, reactive power compensation and harmonic current filtering techn
uite linked, so they cannot be correctly applied independently.

ring to C.1.4.4, the risk of resonance exists as soon as a capacitor is connected
brk which is naturally inductive. Electric cables also introduce capacitances in
brk. The following example shows that, with a capacitor compensating reactive p

Citor.

filter

ques

to a
to a
bwer,
o the
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20 kV - Sgco= 69 MVA

PCC
Stn 400 kVA
Xt =4 %
400 V )
PDS T
3 x 36 kW Qc =36 kvar Solid line — currentin amperes
200 kW Dashed line — line.to_neutral voltage in kV
tan (@ )=0,5
IEC
a) Circuit diagram b)"Waveforms at PCC

when Q. is not connected

EC

IEC

Solid line\x-current in amperes Solid line — current in amperes

Dashed line’=line to neutral voltage in kV

¢) Waveforms at PCC d) Current in Q,
when Q. is connected

Figure C.5 — Example of inadequate solution in reactive power compensation

It can be seen in Figure C.5 that the problem is complex with only one capacitor, and
increases with the number of capacitors used for compensating reactive power. The
multiplication in a network of capacitors for passive filtering and for compensation of reactive
power as well, increases the number of possible resonance frequencies. Therefore, global
compensation, taking the whole system into account, will show the best results.

Moreover, proceeding separately to reactive power compensation and to filtering increases
the risk of over production of reactive power. Actually, efficient passive filtering also produces
a significant amount of reactive power. Therefore, considering both phenomena together
gives the opportunity to define a better solution by designing optimum equipment for the
whole installation.
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C.2.2 Other solutions
c.2.21 General

The main drawback of passive filters is often their inability to adapt to network changes and
filter component variations (ageing, temperature, etc.). A passive filter is efficient if its
impedance at given frequency is very low compared to that of the source. However, in certain
cases, compensation becomes difficult if the source (i.e. the network) impedance is low or if
the filter frequency characteristics are not accurately tuned to the harmonics generated by the
load. But, above all, the most serious problems are series or parallel resonances with the
network which can occur.

Condequently, both for the electrical utility and/or the user, other compensation metheds$ can
be required to make optimum use of the energy drawn from the network. New~sotufions,
offering better performance, are under consideration and some have alreadyAreached the
produiction stage. These solutions are active power filters, and non-polluting . PDSs inclliding
powdr factor correction network controls.

C.2.2.2 Active filters

All afrtive filters have been developed based on the active PWM “converters. They cgn be
divided into two types, regardless of the configuration topology:

e Ppwer factor correction converters (PFC) normally used,.for’low power applications. These
b not have any influence on the active power, or the @bility to operate as rectifiers. [They
ork in DC and are in cascade with AC-DC converters;

d

W

Artive infeed converters (AIC), often known as ‘active front end (AFE). These are AC-DC
converters which can pass active power as well as influencing the reactive power. [AICs
operate in four quadrants. They can be classified as current source inverters (C§l) or
vpltage source inverters (VSI). The CSRPWM modulated bridge inverters behave |as a
spurce of non-sinusoidal current, and, have current harmonics due to non-linear lpads.
They have an inductance on the D€>bus which ensures the circulation of a continuous
ctrrent in the d.c. link. CSI inverters have a good reliability, but have large losseqd and
gquire high values of capacitivefilters in parallel to the network terminals, to eliminate the
uhwanted harmonic currents.. Furthermore, CSI inverters cannot be used in a mult|level
configuration for high power’ compensation. The other type of AIC converter is thg VSI
PWM modulated inverter) This converter is more convenient for active power [filter
applications because,it is lighter, cheaper, and extensible to multi-level and multi-phase
versions, in order teNimprove its performance for power factor correction for higher pqwers
ahd lower switching frequencies. The VSI PWM modulated shunt inverter can be
c
m
c
c

—

bnnected to the"DC bus through a coupling reactor and an electrolytic capacitorn that
aintains a)eonstant voltage at its ends and free from ripple. Active filters can be
assifiedtaking into account the type of converter, the control scheme and the
haracteristics of compensation.

From théstopological point of view, active filters can be shunt type or series hybrid, the |atter
intended—as a combination of passive and active compensation. T he active shuntfitters are
used to compensate the harmonic currents, reactive power and unbalanced loads.

The shunt active filters compensate current harmonics by injecting equal but opposite
harmonic current. In this case, the active filter operates as a current source injecting harmonic
components that are 180° out of phase with those generated by the load. As a result, the
components of the harmonic currents are eliminated by the active filter; and the current
flowing from the source (a.c. generator) remains sinusoidal and in phase with the relative
phase to neutral voltage. This principle is applicable to any type of load considered as a
source of harmonics. Furthermore, with a control system of this type, the power active filter
can also compensate the power factor of the load. The energy distribution system sees the
combination of non-linear load and active filter as an ideal resistor.
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The series type active filters are connected in series between the load and the mains network.
The series active filter is frequently connected through a transformer type coupling.
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Figure C.6 — VSI'PWM active filter topologies

IEC

nybrid configuration is a cofbination of a series active filter and a shunt passive
fopology is suitable for reactive power compensation of high power systems, becausk the
r rating of the active filter as the PFC is a small percentage (about 10 %) of the power

filter.

rating of the load. Most «wf the hybrid filter is formed by the shunt passive filter LC, usged to

comy

ensate the lower-order harmonics and reactive power.

The active filter forithe compensation of the harmonics and the reduction of the phase shift is

locat
often
capa
most

conv

bd, regardless of the connection, between the network and the non-linear load apd is
made.'by placing a switching converter between the input rectifier and the stgrage
Citor~ The control is carried out so that the input current follows the input voltage
widely used type of switching circuit is a boost converter. It does not mean th
prier operates in boost mode ie step-up but only that the circuit is boast type of

The
t the
ircuit.
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Figure C.7 — Boost mode converter
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The PFC changes a distorted waveform to build a sinusoidal current that is in phase with the
input voltage. There are various techniques to achieve a sinusoidal waveform of the input
current with low distortion, i.e. with low harmonic content.

In the PFC boost circuit, the inductor is in series with the AC power line. Therefore, the
current input to the rectifier block is not a pulse waveform. The use of PFC includes the active
regulation of the waveform of the input current I,, the filtering of the switching frequency,
feedback sensing of the current source for the control of the waveform and the feedback
control for output voltage regulation.

An active PFC has a higher efficiency and is significantly smaller and lighter than the passive
filter| In fact, it can operate at a higher switching frequency than the line frequency, allowjing a
stronfg reduction of the size and cost of passive filter elements.

C.2.2.3 Active infeed converter

The ferm "active infeed converter" (AIC) refers to a power converter plaged’on the nefwork
side with switching components such as IGBTs. The system includes, jnaddition to the|front
end, [a bank of DC link capacitors and a load side inverter. The front.énd works as a rectifier,
but during a regenerative mode can operate as an inverter feeding thé’network with recovyered
energy.

Durinlg periods when the energy flows from the network to the.foad, the converter operatés as
a regtifier with voltage AC input and voltage DC output. IttWorks as a step-up chopper af the
voltage on the DC link might be higher than the peak voltage of AC grid. The requirement of a
constant voltage on the DC link is present both nrectifier and inverter operations.| The
voltage ripple can be reduced by placing the capagitor bank on the DC link.

Inverter front end Inverter load side

E) \| &3 &G
:g 3 z SJ&QGT ‘:IH;*? S

IE|

—”

)

Figure C.8 — Front-End inverter system

Figune C.8 shews the system with the two converters, including the presence of the
indugtance necessary for boost operations in the line side. Additional filtering maly be
necegsary.on-the mains side to comply with compatibility levels at the PWM frequency and its
harmjonjcs )(see IEC 62578). An AIC can be considered as a synchronous voltage squrce
conngctéd in shunt mode and a compensator together with an element that can store energy
such g capacitor | e DCHnkBecause of itsabitity to Tegutateenergy, theAIC has
some advantages used to maintain compatibility levels required by the network.

These capabilities can be summarized as:

e the maximum achievable compensation is limited only by the value of the maximum
permissible current of the switches and the ratio between the AC voltage and the DC link
voltage. The AIC can keep the maximum value of volt-amperes reactive compensation and
the desired voltage on the DC link even in the presence of severe dips in the mains
voltage;

e the AIC can operate over the whole range of current, even with voltage reduced.
Sometimes it can tolerate network voltages reduced even by 20 %;
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by doing so, both with the elimination of harmonics and production of reactive currents, it
increases the margin of stability in presence of failure;

the response time of an AIC, acting as a compensator, can be a fraction of a half cycle
(10 ms). By comparison, in the case of controlled thyristors the dynamic response time is
as long as 5 to 6 cycles;

the control strategy allows the AIC to exchange active and reactive power to and from the
system to the AC lineg;

due to the ability to exchange active power, the AIC can be used to adjust the damping of

oscillations in the secondary winding of a transformer.

C.2.34 Application

The ¢osts of such systems are or can be an important part of the costs of the distarting |
that fhey correct (PDSs or others). This should be understood regarding investment, oper
and maintenance as well. Note that operation generates costs with increasingdosses and
gaing with decreasing reactive power consumption. Costs are balanced with the tech
objegtive which does not allow any alternative to "Ensure EMC" (i.e.‘compliance
compatibility levels).

Another point is that the compensation can be global, local or combined more easily than
pass|ve solutions because of reduction of resonance risks.

oads
ation
also
nical
with

with

Last |but not least, these active solutions increase the mumber of commutating elecfronic

powgr devices and are responsible for an increase in high-frequency emissions.

The jdeal solution does not exist, and all these elements should be considered. Howeve
definjtion of the solution of a particular problem should take into account the parti
envirpnment of this problem. The particular_environment belongs to a generic class, |
refingd by the very knowledge of the industrial’ conditions in each case.

, the
cular
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Considerations on high-frequency emission

User guidelines

Expected emission of PDSs

dustrial environments, or public networks which do not supply buildings ‘use
ntial purposes, the customers who use PDSs on these networks have“@ ge
ical competence and are aware of EMC phenomena.

st radio interference, because they are not aware of the EMC boundary conditions
installation. Moreover, the user of the components should have-a free decision fror
bmical point of view, to use global or local filtering or screening methods, na
htion through distances, or the use of distributed parasitic’ elements of the ex
lation, to achieve electromagnetic compatibility in a case/by.case manner.

.2 Mains terminal disturbance voltage

methods and values of quantitative judgementto~achieve EMC are well-described i
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h selling the components of a PDS, the manufacturer cannot build-innmitigation methods
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in various countries in 2012. For an\evaluation of the range of emission levels which
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in order to evaluate possible mitigation mrethods.

ollowing results are based on measurements made on converters, mainly PDSs, lo

ly be expected, the frequencyfange was divided into the three usual parts (CISP
MHz to 0,50 MHz; 0,50 MHz t0°5,0 MHz and 5,0 MHz to 30 MHz), and the maximum
each PDS in every part was recorded as representative of that section.
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Figure D.1 — Conducted emission of various.unfiltered PDSs

ost cases, this equipment is used without interference, but mitigation methods
ple HF filtering) should be taken in the viciqity” of a radio-receiver or of a sen

.3 Radiated disturbances

urements related to the radiated emissions have not been deeply investigated due t
bf complaints in this range. However, what can be expected from the equipment is s
gjure D.2. The evaluated results represent measurements corrected to peak valu
measuring distance for PDS_with or without different applied mitigation methods.

continuation of the expected disturbance voltage ranges from Figure D.1 in the
e 30 MHz is only atrough approximation with very few representative values, but
enough data to~explain why there is a lack of complaints. As can be seen from

mits of CISPR\ 11 without mitigation methods.
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nalytical\approach is not presented in this range. The reason for that is the main solirces
diatedemissions in most of the cases are the microprocessors or some active driven
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Figure D.2 — Expected radiated emission.of PDS up to rated voltage 400 V
Peak values normalised at 10 m

D.1.1.4 Emission from the power interface

The ¢mission from the power interface is mainly due to common mode voltage. The commmon
mode voltage on the power interface’can have a high dv/dz. This high dv/ds induces currgnt in
the gtray capacitance of both the-cable and the electrical load (generally, the electrical|load
consjsts of the windings of thexarmature of a motor). These stray currents come back to|their
sourg¢e through earth and either the supply network or input filters of the corresponding
converter. Therefore, the. emission from the power interface is linked with the disturbance
voltage which is measured on the power port.

D.1.2 Guidelines
D.1.3.1 Public low-voltage network

The patential effects of the disturbances produced by a PDS depend upon the environmegnt in
whichthe PDS 15 USed:

In some countries, small commercial or light industrial premises can be supplied by a public
low-voltage supply which also supplies residential premises. In this system, there is no
galvanic isolation between the three-phase input terminals of the PDS in the commercial or
light industrial premises and the mains supply sockets in the residential premises.

Where an unsuppressed PDS is directly connected to a public low-voltage supply which
supplies residential premises, there is a significant risk of disturbance to radio and television
reception. In this environment, it is strongly recommended that the mains input of the PDS be
filtered. Therefore, the user should select a PDS which complies with the appropriate limits
given in 6.4.
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D.1.2.2 Second environment

In an industrial environment, not on a public low-voltage supply, the common practice for
many years has been to use unfiltered PDSs. In general, these have worked correctly and
have not disturbed other equipment. This has been shown by a general lack of complaints
about radio interference in industry. Therefore, they are compatible.

If problems do occur, they are likely to be due to the conducted disturbances from the
BDM/CDM. These disturbances propagate along the supply and motor cables and can be
coupled into other equipment by conduction, inductive or capacitive coupling, or radiation.

Therg¢ can be problems if an unfiltered PDS is used in close proximity to particularly sensitive
equigment. However, a PDS may not be the only source of disturbance and the‘sensitive
equipment is usually of lower power rating than the PDS. Therefore, improving the immunity
of thp sensitive equipment can be a more economical solution than filtering jthe emissions
from [the PDS.

Problems are usually prevented by following normal installation Cglidelines, invglving
segre¢gation of signal and power cables. If these are insufficient, either the immunity af the
victii should be increased or the emissions from the PDS should. be“reduced, depending on
whicly is the most economical solution.

The lise of a commercially available EMC filter on the poweér interface between the BDM/CDM
and the motor can lead to problems. It is likely that the’capacitors in this filter would be
damgged by the fast switching edges present on the BBM/CDM end of this interface.

If a ghielded or armoured cable is used for the connection between the BDM/CDM and the
motor without the BDM/CDM input being filtered, the coupling from the motor cablg will
decrgase, but the conducted disturbancesqifY the mains supply will increase, due tg the
capagitance of the armoured cable. Therefore, if a shielded or armoured cable betveen
BDM{CDM and motor is being used to, selve an EMC problem, a filter should be connectgd to
the mains input of the BDM/CDM. However, minimising the length of the motor cable will
genefally assist in reduction of radiated emission of this cable.

Since filtering would cause safety problems in systems which are isolated from earth, the only
solutlon in this case is to“-ensure that other equipment has sufficient immunity fon this
envirpnment. In the casé&. of systems in which one live line is connected to earth (known in
somg countries as "corner grounded" systems), the Y-class (line-to-earth) capacitors should
be rated for the full line-to-line voltage.

D.1.2.3 Categories C1 and C3

The manufacturer should provide the information necessary for the user to select the cqrrect
emisgian category and to install the equipment correctly. This information should include clear
instructions_on the installation of any filters enpplind as loose jtems.  |If Qpnrial cables$ are

required, this should also be stated.

Cabinet builders often use insulation withstand tests to check the quality of their wiring.
However, an EMC filter is usually less able to withstand this test than the power converter.
Therefore, the manufacturer should provide clear instructions on this subject to the user.

If the PDS is unsuppressed or is of a high emission category, the manufacturer should
indicate this clearly in the user documentation. In this case, 6.4.1.1 and 6.4.1.3 require that
the manufacturer shall provide a warning that the PDS is not to be used in a public low-
voltage network which supplies residential premises.

If the PDS generates commutation notches on the input, this should be indicated in the user
information.
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In case of problems, the manufacturer should offer (at the cost of the user) the solution
necessary to make the PDS comply with a lower emission category.

D.1.2.4 Categories C2 and C4

In this case, the user has the technical competence to apply a correct EMC concept for the
installation. The manufacturer should provide information about the emission category of the

PDS.

The user will be able to select the correct combination of emission category and mitigation
measures to provide the most economical solution for the installation.
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Several PDS are working together in a complex process with distributed isolated power supply.
Figure D.3 — Safetyrand filtering

With [RFI-filtering devices (Cy), any insulatjon*fault to earth will cause very high current v
to flgw through the semiconductor switches within the power drive system. This is equiV
to shlort circuit conditions in the earthing network on any output failure. This would lead
tripping of function and releasing of-electronic emergency protective devices and finally
undegired process shutdown with, unforeseeable economic consequences.

Thesg are the reasons why RFI-filtering is not compatible with isolated networks of distrik
procgsses and thereforenis' not discussed in the above-mentioned examples. On the
hand| it can be expected 'that RFI-filtering would not be very effective in these networks.
is bgcause the return—path of disturbance current flow to the disturbing source in sys
isolated from earth.7is only capacitive. It will be hard to define or calculate becaus
resonances with_ the parasitic line inductances L. Finally, an increase of the disturh
currgnts flowing through some Cy's through this less defined path could lead to interfer
problems with other equipment working on the same supply system.
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Annex E
(informative)

EMC analysis and EMC plan for PDS of category C4

General — System EMC analysis applied to PDSs

2

5tem
ons:

Electromagnetic environment

General modelling

consists of some subsystems. The existing<{devices (subsystems) can havg

environment on which compatibility

emission and/or susceptibility (Figure E.1):

EM environment

v

ing the first standardised classification of intended use (see definitions in 3.2), a
iled and adapted description may be conducted. Various approaches may b€ used to
ibe the electromagnetic environment (EM environment). The general characteristi
levels may be based should.(be define
romagnetic compatibility of systems is to be achieved, the immunity- characteristi
ment should be considered together with installation practices -and design, phy
ration, filtering, and shielding.

rding to the types of PDSs, particular classes of environment €¢an be determined.
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Emitting devices determine the electromagnetic environment.

Figure E.1 — Interaction between systems and EM environment

Emission may reach the

susceptible devices through various coupling types. General interactions are defined between
subsystem i and subsystem j, and subsystem i and the environment. These interactions are
defined with a coupling model using various coupling types (common impedance coupling,
coupling by induction, and radiation — see Table E.1).

This model helps to define various EMC problems and to define specific limits. Some
examples are given in Figure E.1 and Table E.1.
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E.1.2 System EMC analysis techniques
E.1.2.1 Zone concept

The system EMC analysis tasks should be performed utilising knowledge of signal
characteristics in each subsystem, noise immunity levels of critical circuits, engineering
evaluation tests, and consideration of the operational EM environment. Models for sources
(transmitters), receivers, antennas, propagation media and coupling paths should be
developed as necessary. The objective of the system EMC analysis is to assist in the
development of design requirements and procedures to ensure that the drive system meets
the EMC requirements.

A zgne concept for the drive system should be defined based on the operatlional
electfomagnetic environment and the susceptibility of subsystems and equipmept.\Spgcific
acceptance criteria should be established for each zone prior to each EMC test. Jihese crjteria
shou|d define the procedure used for the drive system performance during™~the immyunity
testing and to detect malfunctions or deviations from specification requirements.| The
acceptance criteria for a particular subsystem (or equipment) should tbe-“included in the
applicable EMC test procedure. The zone concept is illustrated in Figure E"2.
Industrial
Zone 0 power supply
Zone 1
Circuit-breaker
Harmonic
filter
Converter transformer
Busbar
Zone 2
Buses Converter Cooling
system
A
Alarm Gating Auxiliary
signal signal system
Loads .
Zone 3
Y Y T
o ser's
AUX'IM> Supervisory control, protection - > control
system
Zone 4

IEC

Figure E.2 — Zone concept
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E.1.2.2 Interfaces

Table E.1 gives an example of the power interfaces between the subsystems of the PDS (as
shown in Figure E.3), and the types of interference (conducted, radiated).

Table E.1 — EM interaction between
subsystems and environment

Transformer
Bus Subsystems as susceptible device
Subsystems as Environment  [Trans- Converter [Cable Motor
EM-source former
Converter Environment N/A Cl Cl Cl Cl
Rad.
Cl
Bus
Transformer E, H, N/A Cl N/A N/A
Cable Rad.
Converter Cl Cl N/A Cl N/A
Rad.
Cable Cl Rad. Cl N/A Cl
Mator Rad. Rad.
Motor Rad. N/A Cl Cl N/A
IEC
NOTE Coupling modek
— common impedange Coupling — coupling by induction
Rigure E.3 — Example of Cl: both resjstive*and reactive E: electrical field coupling
riv couplin o )
drive P g. H: magnetic field coupling
N/A: not-applicable . .
Rad: radiation coupling

E.1.2.3 Equipment

The g¢lectromagnetic characteristics of each equipment (emission, immunity) and the zohe to
which it belongs should be determined.

In cages where an EME plan is required according to 6.5.1, the following form can be used.

NOTE| This plan is based on IEC TR 61000-5-1.

This [EMC plan,covers the use of a PDS in a specific installation. The purpose of the plan is
to make an-EMC analysis at installation level. Based on the EMC analysis, the measurgs to
achigve electromagnetic compatibility will be defined.

E.2 Example of EMC plan

E.21 Project data and description

According to 6.5.1, the EMC plan reflects the agreement and the exchange of technical data
between the user and the manufacturer. It should define the responsibilities of the
manufacturer of the PDS, the installer and the user. The EMC plan is established jointly by all
three parties. Any question which is not relevant to the particular application may be omitted.

The EMC plan is divided into two parts:

e E.2 defines the items which should normally be agreed;

e E.3 defines additional items that may be necessary in certain applications.
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NOTE The marking N/A is used if the requirement is not applicable. An explanation is provided in such a case.

The example proposed below contains questions, the answers to which can constitute an

EMC

plan.

Name of manufacturer/supplier
Name of end user

Orde

Type

Appli
EMC

F N O e s Date

of facility (e.g. chemical factory, paper machine)
cation (e.g. pump. fan, conveyor) .....
responsible person(s) ......................

E.2.
E.2.

Installation location

Electromagnetic environment analysis

A Facility data

Desc
insta
First

The

Building and room construction

The gistance from the building/room of PDS to first environment: .g...>.......... metr

ription of the neighbourhood (next to the second environment in' ‘which the P[
led)
environment Second environment

istance from the building/room of PDS to the other premises, in the second environm
.................. metres

S is

ent:

oors,

Type|(wood, brick, concrete, steel, aluminium, etc.) % ...l
Reinforcement (steel, etc.) Yes ......cc.coeeeeniis NO i,

Deditated room for system Yes ..........c......... NO..ooiviiieeen,

Room layout

Sket¢h room layout as close to scale as possible. Shows all major equipment: windows,
etc.

E.2.2.2 Power and earthing data

Power distribution

Powgr distribution system forPDS:

Idenftification of the pointrof coupling (identification code for distribution panel, switchgear or
transformer)........

Type|of distribution ‘system (example TN-C, TN-S; TT, IT)

The fype of power\supply for PDS:

Wyel..... Delta .... Number of phases ... Number of wires .....

Earth bus: how' and where bonded? .................

Wiring diagram

DrawLa qinglp-linp diagram of site power distribution chtpm from the main qnpply transfa

rmer

to the PDS. Show all transformers, distribution panels, etc. Also indicate nominal voltage,
power rating, cable routing and method, number of conductors and approximate length of
cables/busbars involved.

E.2.2.3 EMC data

PDS earthing

PDS earth reference? ...... Single point........ Meshed .........
Provide a schematic of equipotential bonding.

PDS shielding

Are shielded cabinets for CDM/BDM used? Yes....... No........

Desc

ribe:
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Are shielded cables used? Yes....... No........
Describe:
Other measures used (e.g. container)? Yes....... No........

Describe (consider also motors and cables):

RFI sensitive equipment in facility

Any equipment in the building or near installation location sensitive to RF disturbances?
Yes No
Describe: (e.g. process control and measurement, data buses, computers, etc.)

Approximate distance from PDS/cabling of PDS: ...l metres

M t [H [l |H o £ ot [N o Al F | Raodiatadl
OS ||T\Uly U\Juplllly pAUul TUT UToturTvdiiue . UUTTUULLITU. ... N\Nauidicu ......

RFI gensitive equipment outside facility

Any Ibroadcast or communications receiver antennas visible or near facility?

Yes | s No

Describe (e.g. radar, radio/TV broadcast, amateur, microwave or other):

Frequency.......... Distances from the antenna..........................0k metr

Citizen band (CB), walkie-talkies, wireless communication, remete control or

synchronisation system used on facility?

Yes | s No

Describe:

E.2.3 EMC analysis

E.2.3.1 Identify the most sensitive equipment orsystems

Analyse electromagnetic environment constraints to.installation.

E.2.3.2 Identify the most likely disturbing parts of PDS

Analyse electromagnetic environment constraints to installation.

E.2.3.3 Are there risks of malfunction of items listed in E.2.3.2, due to disturban
from the PDS?

Yes | No

Desdfribe:

E.2.j Establishment of installation rules
E.2.4.1 Earthing

Note| the reeemmendations given by the manufacturer of PDS, when determining
installationrutes. To ensure the EMC effectiveness of the earthing, assess the items belo

e eprthing system of PDS (single point/meshed);

ES

clock

ces

the
W'

e equipotential bonding:

— interconnection of exposed conductive parts;

— interconnection of metal structures of PDS to the earthing system.
e HF quality of connections:

— metal-to-metal bonding by fasteners;

— removal of paint or any other insulating material where necessary.

e describe (EMC solutions).
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E.2.4.2 Cables and wiring
E.2.4.2.1 Cable selection

Note the recommendations given by the manufacturer of PDS, when determining the
installation rules. To ensure the EMC effectiveness of cables, assess the items below:

e the signal type (e.g. digital data, PWM to a motor);

e unused conductors;

e type of cable and type of shielding (if any);

MO Il

) VA = b AN
o Cj]abblluc (EIVIL SUTULIUTTS ).

E.2.4.2.2 Routing

Note| the recommendations given by the manufacturer of PDS, when determinind the
installation rules. To ensure the EMC effectiveness of cabling, assess the items)below:

pparation of high-power and low power, or signal cables;

s
e mjinimisation of parallel length;
segregation distances;

cable intersection at 90°;

e upe of conduits and cable trays as parallel-earthed conductor;
e cable positioning in cable trays;

e eprthing of cable trays;

e dpscribe (EMC solutions).

E.2.4.3 Shielding of PDS cabinet

Note| the recommendations given by{the manufacturer of PDS, when determinind the
installation rules. To ensure the EMC “effectiveness of enclosures, assess the items below:

bntinuity of metallic enclosure;

c
e d|mension of slots and openings;
cable entry through the éarth reference plane;
c

bnnection of cable_shields to earth reference plane (360° preferred);

e dpscribe (EMCisolutions).
E.2.4.4 Dedicated transformer

Note| the_recommendations given by the manufacturer of PDS, when determinind the
installation rules. To ensure EMC effectiveness, consider the use of the following:

e dedicated isolation transformer;
e transformer with electrostatic shield;

e describe (size, location).
E.2.4.5 Filtering

Note the recommendations given by the manufacturer of PDS, when determining the
installation rules. To ensure EMC effectiveness, consider the use of the following:

e centralised or distributed RFI-filter-configurations;

e signal line filtering;

o filtering power interface if appropriate;
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e describe (EMC solutions)
E.2.4.6 Additional mitigation techniques

Note the recommendations given by the manufacturer of PDS, when determining the
installation rules. Are other mitigation techniques necessary? Yes No

Consider the use of the following:

e electrical separation of circuits;

e optical fibres;

e gplvanic isolation for data lines (example optocouplers, transformers);
e ektra protection for sensitive devices;

e describe (EMC solutions)
E.2.5 Formal result and maintenance

Chegk that the installation is built according to the defined installation_fules.
Do al|l details follow the defined installation rules? Yes No
Desdfribe any action to correct failings.

Define instructions for maintaining EMC characteristics of the installation (e.g. measgures
against corrosion, dust which might weaken the _¢entact between the door and the frame,
loosgning of connections).

Signature(s) by person(s) responsible for EMC:
Date

Signature(s)

E.3 | Example of supplement to EMC plan for particular application

E.3.1 Electromagnetic environment complementary analysis
E.3.1.1 Power‘distribution from utility substation to facility main supply transfofmer

The questions’in E.3 are related to factors external to the PDS which can be relevant tp the
EMC|perfosmance in a more complex application.

Electrical utility service supplier:

Approximate distance from the nearest utility substation (if known):
Utility service distribution from the substation:

overhead lines buried combination
describe

Facility main supply transformer characteristic: kVA

input (primary): volts number of phases
type of connection: Delta Wye
other, describe
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Output to internal distribution (secondary)

volts number of wires  number of phases
Type of connection: Delta Wye
Is the transformer earthed? (describe how and where)

Building earthing electrode consisting of

Earth rod Multiple rods Earth grid Earth plate
Buried conduit Water pipe Building steel

If othler, describe

Draw| wiring diagram

Draw a single-line diagram of site power distribution system from the utility substation to |main
supp|y transformer. Show all transformers, distribution panels, etc.

Earth electrode impedance in ohms (if known)

E.3.1.2 Power distribution from facility main supply transformer to local distribution
panel/switch gear/transformer for PDS

The questions in E.3 are related to factors external to the“PDS which can be relevant tp the
EMC|performance in a more complex application.

Wirinlg diagram

Draw a single-line diagram of facility pewer distribution system from the main supply
transformer to the local distribution panel/switchgear/transformer.

Local power distribution panel/switchgear/transformer

Pangl/switchgear/transformeriidentification

Pandl construction: how.and where bonded

Type| of power supply’for panel/switchgear/transformer

Wye Delta number of phases

number of-wires wire size (phase/neutral/PE): Cu Al

Neutral bus: how and where bonded

Earth bus: how and where bonded

Individual insulated PE wire from PDS or part of PDS
Yes No

Describe
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E.3.2 EMC analysis
E.3.2.1 Frequency plan

RFI survey needed

Yes No

Explain

If yes, issuing a frequency plan/table might clarify the situation. An example is given below in

Tabl¢ E.2.

Table E.2 — Frequency analysis
Equipmen Unit Frequency Band- Description of Waveform Type Ref.
width frequency source Doc.
\Y A Em Im
Inverter N°1 IGBT-module 5 kHz Output switching 510 PWM X
frequency
Inverter N°2 IGBT-module 5 kHz Output switching 510 PWM X
frequency
Inverter N°1 Motor control 40 MHz TTL clock 15 TTL clock [X
Inverter N°2 Motor control 40 MHz TTL clock 15 TTL clock [X
Inverters Output current |1 kHz Sampling ffequency | 0,03 )
sensor
Auxiliary Power supply |200 kHz Switching frequency | 230 Spike X
equipment
Cordless
telephones
Business Transmitter/ X )
radio receiver
Amateur rad|o | Transmitter/ 144"\MHz )
receiver

Em: gmission
Im: immunity
Ref. doc: neference number of the specification of the item

Risks of malfunction of items listed in above due to disturbances from the PDS should be

analysed and adequate measures should be defined.

E.3.2.2 EMC testing

List the references of EMC test reports.
Is further specific EMC-testing necessary?
Yes No

If yes, a procedure as follows may be necessary:

e prepare an EMC test plan (refer to EMC analysis);
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o perform EMC tests and write test reports.
Are the test results acceptable?

Yes No

Describe any action to correct failings:
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

ENTRAINEMENTS ELECTRIQUES DE PUISSANCE A VITESSE VARIABLE -
Partie 3: Exigences de CEM et méthodes d'essai spécifiques

AVANT-PROPOS

1) Lal] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). LAIEC & pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans‘les-domaines
de|l'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Norme$|internatipnales,
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) pt des

ides (ci-aprés dénommés "Publication(s) de 'lEC"). Leur élaboration est confiée a des eomités d'étudefs, aux

aux desquels tout Comité national intéressé par le sujet traité peut participer.!/Les organisfations
rnationales, gouvernementales et non gouvernementales, en liaison avec I'l[EC, participent égalemept aux
aux. L’'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), seloph des
ditions fixées par accord entre les deux organisations.

2) Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la njesure
possible, un accord international sur les sujets étudiés, étant donné_, que-les Comités nationaux dg I'lEC

eressés sont représentés dans chaque comité d’études.

3) Lep Publications de 'lEC se présentent sous la forme de recommandations internationales et sont agréées

comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qug I'lEC
s'dssure de I'exactitude du contenu technique de ses publicationS; I'TEC ne peut pas étre tenue responsaple de
I'éyentuelle mauvaise utilisation ou interprétation qui en est faité\par un quelconque utilisateur final.

4) D4gns le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tdute la
mesure possible, a appliquer de fagon transparente les Rublications de I'lEC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutes Publications de I'IEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en’termes clairs dans ces derniéres.

5) L’IEC elle-méme ne fournit aucune attestation derconformité. Des organismes de certification indépendants
fodrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques de
copformité de I'lEC. L’IEC n'est responsable (djaucun des services effectués par les organismes de certification
indépendants.

6) Tous les utilisateurs doivent s'assurer qu‘ils sont en possession de la derniére édition de cette publication|.

7) Augune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
y ¢ompris ses experts particuliers.et les membres de ses comités d'études et des Comités nationaux de(lI'lEC,
popr tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de qdelque
nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) |et les
dépenses découlant de‘la) publication ou de I'utilisation de cette Publication de I'lEC ou de toute|autre
Pdblication de I'l[EC, ou_au crédit qui lui est accordé.

8) L'gttention est attirée-sur les références normatives citées dans cette publication. L'utilisation de publidations
référencées est @bligatoire pour une application correcte de la présente publication.

9) L’attention estyattirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven} faire
I'opjet de_droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels|droits
de|brevetsiet de ne pas avoir signalé leur existence.

La Norme internationale IEC 61800-3 a été établie par le sous-comité 22G: Systémes
d'entrainement électrique a vitesse variable comprenant des convertisseurs a
semiconducteurs, du comité d'études 22 de I'lEC: Systémes et équipements électroniques de
puissance.

Cette troisiéeme édition annule et remplace la seconde édition parue en 2004 et
I'Amendement 1:2011. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) éclaircissement des exigences concernant le rapport d'essai, notamment quand il existe
plusieurs autres méthodes d'essai;
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b) introduction d'une configuration d'essai plus détaillée pour les mesures des émissions
rayonnées, ainsi que d'une distance de mesure de 3 m pour les petits matériels;

Cc) mises a jour générales des annexes informatives.

Le texte de cette norme est issu des documents suivants:

Cettg publication a été rédigée selon les Directives ISO/IEC, Partie 2, et le Guide \|EC 107.

Une

Entrginements électriques de puissance a vitesse variable, peut étre copsultée sur le site
de I'IEC.

Le comité a décidé que le contenu de cette publication ne sera.pas modifié avant la da
stabi

FDIS Report on voting

22G/347/FDIS 22G/350/RVD

i a l'approbation de cette norme.

liste de toutes les parties de la série IEC 61800, publiées sous e titre gépéral

web

e de

ité indiquée sur le site web de I'lEC sous "http://webstere.iec.ch" dans les données
relatives a la publication recherchée. A cette date, la publication sera
reconduite,
supprimée,

amendée.

—

e¢mplacée par une édition révisée, ou

IMP)
cetE publication indique qu'elle contient des couleurs qui sont considérées co

util

co

s a une bonne compréhénsion de son contenu. Les utilisateurs devraient,

niséquent, imprimer cette publication en utilisant une imprimante couleur.

ORTANT - Le logo "colour(inside" qui se trouve sur la page de couverturljI de

me
par
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ENTRAINEMENTS ELECTRIQUES DE PUISSANCE A VITESSE VARIABLE -

Partie 3: Exigences de CEM et méthodes d'essai spécifiques

1 Domaine d'application

La présente partie de I'lEC 61800 spécifie les exigences de compatibilité électromagnétique
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nt document spécifie les exigences relatives aux PDS avec convertisseursiayan
bns d'entrée et/ou sortie (tensions entre phases) d'une valeur efficace,allant ju
en courant alternatif.

PDS couverts par le présent document sont ceux installés dans des-locaux résiden
herciaux et industriels, a I'exception des applications de traction et des véhi
riques. Les PDS peuvent étre connectés a un réseau de distribution industriel ou p
réseaux industriels sont alimentés par un transformateur dé) distribution dédié q
e normalement a proximité ou a l'intérieur du site industriel; ils n'alimentent que
s industriels. Ces réseaux industriels peuvent aussi étte alimentés par leurs prq
ements de génération électrique. Les PDS peuvent~par ailleurs, étre aussi raccq

e neutre est généralement relié a la terre.

pbmaine d'application de la présente partie deI'lEC 61800, traitant de la CEM, comg
vaste gamme de PDS qui va de quelgues centaines de watts a des centaing
watts. Les PDS font souvent partie sintegrante d'un systéme plus important. L'a
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issent des préconisations.

exigences ont été choisies de fagon a assurer la CEM des PDS dans les Ig
entiels, commerciaux et industriels. Les exigences ne peuvent toutefois pas couvr
bxtrémes qui peuvent (survenir avec une trés faible probabilité. Les changement

dération.

ésent document a pour objet de définir les limites et les méthodes d'essai des PD
on de leun_ utilisation prévue. Il comporte des exigences d'immunité et des exigg
brnant |€syémissions électromagnétiques.

1/ Les émissions peuvent perturber d'autres équipements électroniques (par exemple les récepteurs
bils‘dé mesure et calculateurs). L'immunité vise a protéger I'équipement contre les perturbations contin
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Le présent document définit les exigences minimales de CEM auxquelles chaque PDS doit
répondre.

Les exigences d'immunité sont données selon des classes d'environnement. Les exigences
d'émission basses fréquences sont données selon la nature du réseau d'alimentation. Les
exigences d'émission hautes fréquences sont données selon quatre catégories d'utilisation
prévue qui couvrent a la fois I'environnement et la mise en fonctionnement.

En tant que norme de produit, le présent document peut étre utilisée pour I'évaluation des
PDS. Elle peut aussi étre utilisée pour I'évaluation des modules d'entrainement principal
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(BDM) ou modules d'entrainement complet (CDM) (voir 3.1), qui peuvent étre mis sur le
marché séparément.

Le présent document contient

e des exigences relatives a I'évaluation de conformité des produits qui sont mis sur le
marché, et

e des regles d'ingénierie recommandées (voir 6.5) pour les cas ou les émissions haute
fréquence ne peuvent pas étre mesurées avant que I'équipement soit mis sur le marché
(ces PDS sont définis comme des PDS de la catégorie C4 en 3.2.7).

NOTE|2 La premiere édition de I'lEC 61800-3 a identifié que l'utilisation prévue pourrait nécessiter des ¢tudes
d'ingéhierie pour la mise en service. Cela était établi par le "mode de distribution restreinte". Les équipements qui
étaient couverts par le "mode de distribution restreinte" se retrouvent aujourd'hui dans les catégories\C2 |et C4
(voir 3.2).

Le présent document est congue comme une norme de produit CEM cofniplete destinée
évalyer la conformité CEM des produits des catégories C1, C2 et C3 quand:-ils sont mis gur le
marché (voir définitions 3.2.4 & 3.2.6).

L'ém|ssion radiofréquence d'un équipement de catégorie C4 est uniquement mesurée lorgqu'il
est installé sur son lieu d'utilisation. L'équipement est alors considéré comme une installation
fixe,| pour laquelle le présent document donne des/ ‘tegles d'ingénierie et | des
recommandations techniques en 6.5 et a I'Annexe E, bien qu'elle ne définisse pas de limites
d'ém|ssion (excepté en cas de plainte).

Le présent document ne spécifie aucune exigence)de sécurité pour les équipements| par
exenlple en matiére de protection contre les chocs\électriques, de coordination d'isolemgnt et
d'esdais diélectriques associés, ni concernant un fonctionnement dangereux ou les
consgquences dangereuses d'une défaillanceZElle ne couvre pas non plus les conséqugnces
des ghénomeénes électromagnétiques sur lassecurité et la sécurité fonctionnelle.

Dang des cas spécifiques, par exemple lorsqu'un appareil de grande susceptibilité
électfomagnétique est utilisé dans le voisinage immédiat d'un PDS, des mesures
d'att¢nuation supplémentaires peuvent devoir étre mises en place pour réduire les émissions
électromagnétiques a des niveaux inférieurs a ceux spécifiés ou pour augmenter I'immfunité
de l'gppareil trés susceptible,

En tant que norme de“produit CEM, le présent document prévaut sur tous les aspects
spécifiés par les normes génériques, et aucun essai CEM supplémentaire n'est effectué.
Lorsqu'un PDS gst-incorporé dans un équipement couvert par une norme de produit [CEM
spécifique, la norme CEM pour I'équipement complet s'applique.

2 Reéférences normatives

Les documents suivants sont cités en référence de maniére normative, en intégralité ou en
partie, dans le présent document et sont indispensables pour son application. Pour les
références datées, seule 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 60146-1-1:2009, Convertisseurs a semiconducteurs — Exigences générales et
convertisseurs commutés par le réseau — Partie 1-1: Spécification des exigences de base

IEC 61000-2-2:2002, Compatibilité électromagnétique (CEM) — Partie 2-2: Environnement —
Niveaux de compatibilité pour les perturbations conduites a basse fréquence et la
transmission des signaux sur les réseaux publics d'alimentation basse tension
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IEC 61000-2-4:2002, Compatibilité électromagnétique (CEM) — Partie 2-4: Environnement —
Niveaux de compatibilité dans les installations industrielles pour les perturbations conduites a
basse fréquence

IEC 61000-3-2:2014, Compatibilité électromagnétique (CEM) — Partie 3-2: Limites — Limites
pour les émissions de courant harmonique (courant appelé par les appareils < 16 A par phase)

IEC 61000-3-3:2013, Compatibilité électromagnétique (CEM) — Partie 3-3: Limitation des
variations de tension, des fluctuations de tension et du papillotement dans les réseaux publics
d'alimentation basse tension pour les matériels ayant un courant assigné < 16 A par phase et
non soumis a un raccordement conditionnel

IEC $1000-3-11:2000, Compatibilité électromagnétique (CEM) — Partie 3-11: Limitation] des
variafions de tension, des fluctuations de tension et du papillotement dans les réseaux pyblics
d'alimentation basse tension — Equipements ayant un courant appelé < 75 A et _Soumis|a un
raccqgrdement conditionnel

IEC 61000-3-12:2011, Compatibilité électromagnétique (CEM) — Partie 8-12: Limites — Limites
pour|les courants harmoniques produits par les appareils connectes’ aux réseaux pyblics
bassg tension ayant un courant appelé > 16 A et < 75 A par phase

IEC §1000-4-2:2008, Compatibilité électromagnétique (CEM)< Partie 4-2: Techniques d'essai
et del mesure — Essai d'immunité aux décharges électrostatiques

IEC 61000-4-3:2006, Compatibilité électromagnétique.(CEM) — Partie 4-3: Techniques d'gssai
et dq mesure — Essai d'immunité aux champs électtomagnétiques rayonnés aux fréqugnces
radioglectriques

IEC 61000-4-4:2012, Compatibilité électromagnétique (CEM) — Partie 4-4: Techniques d'essai
et del mesure — Essai d'immunité aux transitoires électriques rapides en salves

IEC 61000-4-5:2014, Compatibilité électromagnétique (CEM) — Partie 4-5: Techniques d'essai
et del mesure — Essai d'immunité aux ondes de choc

IEC 61000-4-6:2013, Compatibilité électromagnétique (CEM) — Partie 4-6: Techniques d'essai
et de mesure — Immunité aux perturbations conduites, induites par les champs
radioglectriques

IEC 61000-4-8:2009, Compatibilité électromagnétique (CEM) — Partie 4-8: Techniques d'essai
et delmesure < Essai d'immunité au champ magnétique a la fréquence du réseau

IEC §1000-4-11:2004, Compatibilité électromagnétique (CEM) - Partie 4-11: Technjques
d'essaiet de mesure — Essais d'immunité aux creux de tension, coupures bréves et variations
de tensfon

IEC 61000-4-13:2002, Compatibilité électromagnétique (CEM) — Partie 4-13: Techniques
d'essai et de mesure — Essais d'immunité basse fréquence aux harmoniques et inter-
harmoniques incluant les signaux transmis sur le réseau électrique alternatif

IEC 61000-4-34:2005, Compatibilité électromagnétique (CEM) — Partie 4-34: Techniques
d'essai et de mesure — Essais d'immunité aux creux de tension, coupures breves et variations
de tension pour matériel ayant un courant d'alimentation de plus de 16 A par phase

CISPR 11:2015, Appareils industriels, scientifiques et médicaux — Caractéristiques de
perturbations radioélectriques — Limites et méthodes de mesure
CISPR 11:2015/AMD1:2016
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CISPR 16-1-2:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-2:
Appareils de mesure des perturbations radioélectriques et de I'immunité aux perturbations
radioélectriques — Dispositifs de couplage pour la mesure des perturbations conduites

CISPR 16-1-4:2010, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-4:
Appareils de mesure des perturbations radioélectriques et de l'immunité aux perturbations
radioélectriques — Antennes et emplacements d'essai pour les mesures des perturbations
rayonnées

CISHR 22, Appareils de traitement de l'information — Caractéristiques des perturbgtions
radioglectriques — Limites et méthodes de mesure

CISHR 32:2015, Compatibilité électromagnétique des équipements multimédia. ~ Exiggnces
d'émission

3 Termes et définitions

Pour|les besoins du présent document, les termes et définitions,suivants s'appliquent.

L'ISQ et I'IEC tiennent a jour des bases de données terminélogiques destinées a étre util[sées
en ngrmalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www+electropedia.org/

e |$0 Online browsing platform: disponible a lladresse http://www.iso.org/obp

3.1 Installation et son contenu

La Figure 1 présente les principalesiparties d'un PDS définies ci-dessous, ainsi que le reste
de l'ipstallation.
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Installation ou partie de I'installation

Entrainement (PDS)

Equipement variateur (CDM)

Contrdle du systeme et séquences

Variateur (BDM)
Controéle du

convertisseur

et protections

Section alimentation

Excitation
Freinage dynamique

Auxiliaires, autres ...

Moteur et capteurs

Equipement entrainé

IEC

Figure 1 — Installation et son contenu

3.11
module d'entrainement principal
MEP
varigteur
BDM
convertisseur électronique de puissance et commande associée, connecté entre une sgurce
d'alimeftation électrique et un moteur

Note 1 a l'article: Le BDM est capable de transmettre I'énergie de la source d'alimentation électrique au moteur et
peut étre également capable de transmettre I'énergie produite par le moteur a la source d'alimentation électrique.
Le BDM commande tout ou partie des parametres suivants relatifs a I'énergie transmise au moteur et a celle
fournie par celui-ci:

. courant;

o fréquence;
e tension;

. vitesse;

e couple;

. force;

. position.

Note 2 a l'article: L'abréviation "BDM" est dérivée du terme anglais développé correspondant "basic drive module".
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module d'entrainement complet

MEC

équipement variateur

CDM

2017

module d'entrainement comprenant, de maniére non exhaustive, le BDM et des composants
associés, tels que des dispositifs de protection, des transformateurs et des dispositifs

auxili

Note 1

entra
EEP

entraginement

PDS
syst§
plusi

Note 1
toutef

Note 2
systen

3.1.4

insta
équif

3.1.5
petit
maté
I'inté
et dg
d'évsg

Note 1
I'accé

[SOU
d'éve

3.1.6

aires

a l'article: Le moteur et les capteurs mécaniquement couplés a I'arbre du moteur ne sont pas inclus.

inement électrique de puissance

me comprenant un ou plusieurs équipements variateurs (CDM).avec un motel
Burs moteurs

a l'article: Tous les capteurs mécaniquement couplés a I'arbre du moteur font également partie du
is, les matériels entrainés ne sont pas inclus

a l'article: L'abréviation "PDS" est dérivée du terme angldis ‘développé correspondant "power
h".

llation
ement(s) comprenant au moins un PDS et un matériel entrainé

matériel
Fiel qui est soit placé sur une table, soit monté au mur, soit posé sur le sol, et qui ti
ieur d'un volume d'essai cylindrique imaginaire dont le diamétre ne dépasse pas 1

ntuels équipements auxiliaires

a l'article: Cette définition a été modifiée afin de s'adapter a la mesure des émissions rayonn§
5 enveloppe.

RCE: CISPR 11:2015, 3.17, modifié — Les expressions "soit monté au mur" ¢
ntuels équipements auxiliaires" ont été ajoutées, ainsi que la note a l'article.]

équi

CDMIBEM destiné 3 étre installé sur une surface verticale

bement a montage mural

drive

PDS,

drive

ent a

nt la hauteur au-dessus dusplan au sol ne dépasse pas 1,5 m, y compris ses cables et

es de

t "et

3.2

3.21
plan

Utilisation prévue

CEM

procédure d'évaluation de la CEM pour linstallation d'un équipement de catégorie C4

(voir

3.2.2

3.2.7)

premier environnement
environnement comprenant des lieux résidentiels, ou dont I'alimentation électrique est
directement fournie sans transformateur intermédiaire, par un réseau public basse tension qui
alimente aussi des batiments résidentiels
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Note 1 a [l'article: Les maisons, appartements, béatiments commerciaux ou bureaux dans des immeubles
résidentiels sont des exemples de locaux du premier environnement.

3.2.3

deuxiéme environnement

environnement comprenant des lieux autres que ceux qui sont directement alimentés en
électricité par un réseau public basse tension qui alimente aussi des batiments résidentiels

Note 1 a l'article: Les zones industrielles ou les locaux techniques de tout immeuble alimenté a partir d'un
transformateur dédié sont des exemples de locaux du deuxiéme environnement.

3.24

PDS gdecatégorie C1
PDS|de tension assignée inférieure a 1 000V, prévu pour étre utilisé dans le preLmier
envirpnnement

3.2.5
PDS |de catégorie C2
PDS| de tension assignée inférieure a 1000V, qui n'est ni un appareil avec cgrdon
d'alimentation et prise, ni un appareil mobile, et qui, lorsqu'il est wutilisé dans le prgmier
envirpnnement, est prévu pour étre installé et mis en service uniquement par un professignnel

Note 1 a [Il'article: Un professionnel est une personne ou une organisation possédant les compéfences
nécespaires pour l'installation et/ou la mise en service des systémes d'entfainement de puissance, y comprip pour
leurs @spects CEM.

3.2.6
PDS |de catégorie C3
PDS|de tension assignée inférieure a 1 000 V, prévu pour étre utilisé dans le deuxXieme
envirpnnement et non prévu pour étre utilisé dans)le premier environnement

3.2.7
PDS |de catégorie C4
PDS|de tension assignée égale ou supérieure a 1 000V, ou de courant assigné égal ou
supéfieur a 400 A, ou prévu pour étre utilisé dans des systémes complexes du deuxiéme
envirpnnement

3.3 | Emplacements, accés’et interfaces

3.3.1
in situ
<esspi> lieu ou I'équipement est installé pour son usage normal par l'utilisateur final

3.3.2
emplacement d'essai
<raypnnement> emplacement satisfaisant aux conditions nécessaires pour effectug¢r la
mesyre.correcte, dans des conditions définies, des champs électromagnétiques rayonnépg par
des appareils en essai

[SOURCE: IEC 60050-161:1990, 161-04-28]

3.3.3

acces

point d'un dispositif ou d'un réseau ou de I'énergie électromagnétique ou des signaux
électromagnétiques peuvent étre fournis ou recueillis, ou bien ou Il'on peut observer ou
mesurer des grandeurs

Note 1 a I'article: La Figure 2 montre la diversité des accés d'un entrainement.

[SOURCE: IEC 60050:2002, 131-12-60, modifié — La note a l'article a été remplacée par une
nouvelle note.]
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3.3.4
acceés enveloppe

limite physique de l'entrainement (PDS) a travers laquelle les champs électromagnétiques
peuvent rayonner ou étre absorbés

Note 1 a l'article: Voir Figure 2.

3.3.5
acces de mesure et de commande de processus

acces d'entrée/sortie (E/S) d'un conducteur ou d'un cable qui assure la connexion entre le
processus et le PDS

3.3.6L
accel de puissance
acceg par lequel I'entrainement (PDS) est raccordé a l'alimentation de puissance’\qui alimente
auss| d'autres équipements

3.3.7
acceél de puissance principal
accep de puissance qui alimente I'entrainement uniquement pour“la puissance qui, aprés
conversion électrique, est convertie par le moteur en puissance méeganique

3.3.8
accés de puissance auxiliaire
accés de puissance qui alimente seulement les auxiliaires du PDS, y compris le djircuit
d'exditation, le cas échéant

3.3.9

interface de signal
born¢ d'entrée ou de sortie (E/S) pourxune ligne de connexion entre le variateyr ou
I'équ|pement variateur (BDM/CDM) et unevautre partie de I'entrainement (PDS)

Note 1 a l'article: Voirr Figure 2.

Acces enveloppe

Acceés de
mesure et de

H commande du
P 3 procéssus
D BDIM Interface Autres parties/=7
S ou partie  [frr S weeed desion du CDM oudu PD
Acces|de puissance CcbM E o
principgl a +f Autres parties '\,
- du PDS e
N A\ —| |— Interfac_:t_a_de puissance par exemple d
bl 7 ) 7 N
auxiliaire E moteur

IEC

Figure 2 — Interfaces internes d'un PDS et exemples d'accés

3.3.10
interface de puissance
raccordements nécessaires a la distribution de puissance électrique
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Note 1 a I'article: Voir exemples d'interfaces de puissance a la Figure 3 et explications a I'Article E.1.

Note 2 a l'article: Les interfaces de puissance du PDS peuvent prendre différentes formes et avoir différentes
extensions.

— Al'intérieur du BDM/CDM

Une interface de puissance peut étre le raccordement destiné a la distribution de la puissance électrique d'une
partie du BDM/CDM a une autre partie du BDM/CDM. Une interface de puissance peut étre commune a
différents composants du PDS. Par exemple, voir Figure 3 et Figure 4.

La Figure 3 représente une interface de puissance qui distribue la puissance depuis un convertisseur d'entrée
(ou la puissance est convertie de sa forme disponible sur le réseau en une autre forme, ici en courant continu)
aux onduleurs de sortie (ou la puissance est convertie d'une forme intermédiaire, ici en courant continu, en

une—autre forme icien courant-alternatif _guipeut alimenter directement des moteurs 3 courant alternatif
y LI R 1o .

-

Figure 4 représente une interface de puissance qui distribue la puissance du secondaird d'un
hnsformateur (faisant partie du CDM) a chaque BDM.

—  All'intérieur du PDS

—
=

lest a noter que le raccordement entre I'onduleur et le ou les moteurs est lui aussi une interface de puigsance.
est la derniere interface de puissance avant la conversion en puissance mécanique.

O

INTERFACES DE PUISSANGE
/[ ] \‘ \

\
/| ENTRAINEMENT MULTIMOTEURS
=on 1 BOM 2 —-5

ACCES DE PUISSANCE

c.c. BDM 3 BDM 4

Appartient a tous
les BDM

IEC

Figure 3 — Interfaces de puissance d'un PDS avec BUS continu commun
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ACCES DE PUISSANCE

INTERFACES DE PU}SSAINCE

2017

7

CDM 1 =

|_—~com 2 oM 3

_—~ _ENTRAINEMENT MULTIMOTEURS

2l RIEAZIEAIVAE

o CDM 4

G52l pisa) gisal &

/ BDM 3 BDM 4\ | |
T 7 // / D
T y4 7 7 a
/ / I 2

M4.2

3.31
poin
PCC
point
distri

[SOU

3.3.1
poin
IPC

point
de d
pourt

Figure 4 — Interfaces de puissance avec transformateur d'entrée commun

1
de couplage commun

électriquement le plus prochie“d’'une charge particuliére, situé sur le réseau publ
bution d’énergie, auquel d’autres charges sont ou pourraient étre raccordées

RCE: IEC 61000-2-4:2002, 3.1.6]

2
de couplage interne

électriquement le plus proche d’'une charge particuliére, situé sur un réseau non g
stribution d’énergie ou a l'intérieur d'une installation, auquel d’autres charges so
aient_étre raccordées

IEC

c de

ublic
Nt ou

Note 1 a l'article: Usuellement I'IPC est le point auquel on étudie la compatibilité électromagnétique.

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

3.3.1

3

point de couplage

PC

point pouvant étre situé sur un réseau public de distribution d'énergie ou sur un réseau non
public de distribution d’énergie ou a l'intérieur d'une installation
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3.4 Composants du PDS

3.41

convertisseur

<du BDM> unité qui change la nature de la puissance électrique fournie par le réseau de
distribution en transformant la tension et/ou le courant et/ou la fréquence appliqués au moteur

Note 1 a l'article: Le convertisseur comprend les dispositifs de commutation électroniques et leurs circuits de
commutation associés. Il est commandé par des transistors ou des thyristors ou par tout autre composant de
commutation puissance a semiconducteur.

Note 2 a I'article: Le convertisseur peut étre commuté par le réseau, par la charge ou autocommuté et peut étre
compq SE; Par U)\UIII}J:U, domroude p:uo;culo redresseursouonduteurs:

3.4.2
motgur

motdur électrique

maclhline électrique destinée a transformer de I'énergie électrique en énergiesmecanique

Note 1 a l'article: Pour les besoins du présent document, le moteur inclut tous les_capteurs montés dest|nés a
permdttre son fonctionnement et interagissant avec le CDM.

[SOYRCE: IEC 60050:2001, 151-13-41, modifiée — La note a étéajoutée.]

3.4.3
soui-composant
parti¢ physique d'un équipement qui peut fonctionfier séparément, ayant une forction

intrinséque définie par le constructeur

Note 1 a l'article: Pour les besoins du présent document, un composant de PDS peut étre divi§é en
sous-¢gomposants.

Note 34 a I'article: Par exemple I'unité de commande d'un CDM peut étre un sous-composant.
3.5 | Définitions relatives aux phénomeénes

3.5.1
compatibilité électromagnétique
CEM
aptityde d'un appareil ‘ou d'un systeme a fonctionner dans son environnegment
électfomagnétique de «fagon satisfaisante et sans produire lui-méme des perturbations
électromagnétiques intolérables pour tout ce qui se trouve dans cet environnement

[SOYRCE: IEC-60050-161:1990, 161-01-07]

3.5.2
courpnt harmonique total
THC
valeur efficace totale des composantes harmoniques du courant de rangs 2 a 40

40 >
mc= |3
h=2

[SOURCE: IEC 61000-3-12:2011, 3.1]

3.5.3

taux de distorsion harmonique totale

THD

rapport de la valeur efficace du résidu harmonique a la valeur efficace de la composante
fondamentale ou de la composante fondamentale de référence d'une grandeur alternative
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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.

a l'article: Le rapport harmonique total THD peut faire I'objet d'une approximation a un certain rang
(notation recommandée "H"), 40 pour le présent document.

otal"
ns la
été
été

eaux

de le

ur de

de le

ou, en plus des notes a l'article de B.2.2.7,

04 esflla valeur efficace de la composante fondamentale.

[SOURCE: IEC 60050-551:2001, 551-20-13, modifiée — Le terme "rapport harmonigque
a étd supprimé, la formule a été ajoutée et la Note 1 a l'article a été reformulée. Da
Note|2 a l'article, la phrase "Les conditions de l'approximation sont alors indiquées"
suppfimée et la partie "(notation recommandée "H"), 40 pour le présent document”
ajoutge.]

3.5.4

écarf de tension

différrence entre la tension d'alimentation a un instant donné- et’ la tension d'alimentation
déclgrée

[SOURCE: IEC 60050-614:2016, 614-01-04]

3.5.5

varigtion de tension

variation de la valeur efficace ou de la valeurvde créte d'une tension entre deux niV
consgcutifs maintenus pendant des durées déterminées, mais non spécifiées

Note 1 a l'article: Le choix entre valeur efficace; et valeur de créte dépend de I'application, et il convient
spécifier.

[SOURCE: IEC 60050-161:1990, (161-08-01, modifiée — La définition a été reformulée.]
3.5.6

fluctpation de tension

suite|de variations de /tension ou variation permanente de la valeur efficace ou de la vale
crételd'une tension

Note 1 a l'article:{_Le choix entre valeur efficace et valeur de créte dépend de I'application, et il convient
spécifier.

[SOURCEIEC 60050-161:1990, 161-08-05]

3.5.7

creux de tension
baisse brutale de la tension en un point d'un réseau électrique, suivie d'un rétablissement de
la tension aprés un court laps de temps de quelques périodes a quelques secondes

[SOURCE: IEC 60050-614:2016, 614-01-08, modifiée — Les mots "un réseau d'énergie
électrique" ont été remplacés par "un réseau électrique”, et les mots "aprés un court intervalle
de temps allant de quelques périodes de la tension sinusoidale a quelques secondes" par
"aprés un court laps de temps de quelques périodes a quelques secondes".]
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4 Exigences communes

4.1 Conditions générales

Tous les phénoménes concernant les émissions ou l'immunité doivent étre pris en
considération individuellement. Les limites sont fournies pour des conditions ignorant les
effets cumulés de différents phénoménes.

Pour évaluer I'état de la CEM de maniére réaliste, une configuration type doit étre choisie.

configuration, de ses accés, de sa technologie et de ses conditions de fonctionnement|(voir
anneies).

4.2 Essais
4.21 Conditions

Les normes IEC 60146-1-1 et IEC 61800-2 font la distinction entre-les essais de typgq, les
essals de routine et les essais spéciaux. Sauf indication contrairel\fous les essais spégifiés
dans| ce document sont uniquement des essais de type. L'éguipement doit satisfairg aux
exiggnces de CEM dans des conditions de fonctionnement normal, comme indiqué daps le
manuel d'exploitation dudit équipement lors des mesures via.les méthodes d'essai spécifiées
dans|ce document.

NOTE|1 Pour des raisons de législation locale sur les émissions/radio, certains essais d'immunité peuvent étre
soumip a des conditions qui restreignent le choix des emplacemeénts ou ils peuvent étre effectués.

Si nécessaire, des mesures de sécurité doivent étre prises contre tout effet non recherchg sur
le prpcessus complet qui pourrait résulter.de”défaillances au cours d'un quelconque essai
CEM

Pour|les essais, le CDM doit étre racecordé a un moteur recommandé par le constructdur, a
I'aidg d'un cable et suivant des régles de mise a la terre définies par ce dernier. Sinon| une
charge d'essai passive (résistivetou inductive et résistive) peut étre appliquée (par exemple,
pour [I'évaluation des émissions basses fréquences), si le constructeur le permet.

NOTE|2 Pour les émissions. haute fréquence, une charge d'essai passive peut ne pas convenir pour simuler les
capac|tés et les couplages/en‘'mode différentiel et en mode commun généralement observés.

La description dés.essais, les méthodes d'essai, les caractéristiques des essais et les
configurations dlessai sont précisées dans les normes référencées et ne sont pas répétées ici.
Néarnmoins, (siy'des modifications, des exigences et informations complémentaires oy des
méthpdes.d'essais spécifiques sont nécessaires a la réalisation et a la mise en ceuvre des
essals,alors ils sont précisés dans ce document.

Un nombre de bornes suffisant doit étre utilisé pour simuler les conditions de fonctionnement
réelles et pour s'assurer que tous les types de bornes susceptibles d'étre concernés sont pris
en considération. Les essais doivent étre effectués a la tension d'alimentation assignée et de
fagon reproductible.

4.2.2 Rapport d'essai

Les résultats des essais doivent étre consignés dans un rapport d'essai. Le rapport doit
présenter clairement et sans ambiguité toutes les informations relatives aux essais
reproductibles. Une description fonctionnelle et les critéres de qualification détaillés fournis
par le constructeur doivent étre notés dans le rapport d'essai.

Les modalités retenues pour l'essai doivent étre justifiées dans le rapport d'essai. Lorsqu'un
paragraphe du présent document propose des méthodes d'essai alternatives, la méthode
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d'essai retenue doit figurer dans le rapport d'essai. Les informations relatives aux méthodes
d'essai indiquées dans le Tableau 1 doivent étre fournies:

Tableau 1 — Paragraphes contenant des méthodes d'essai alternatives

Paragraphe Méthodes d'essai

5.1.2 Type d'essai:

— essai de performance générale d'un systéme; ou
— essai de performance spéciale d'un systéme; ou
— essal de performance dun sous-ensempble.

5.2 gt Vérification de I'immunité par:
parafraphes — calcul, ou

— simulation, ou
— essai.

5.3.9 Transitoires rapides en salves pour équipement = 100 A:
— couplage direct ou
— pince capacitive

5.3.3 Transitoires rapides en salves pour équipement = 100 A:
— couplage direct; ou
— pince capacitive.

5.3.4 Immunité aux champs électromagnétiques:
— essai du PDS; ou
— essai des sous-composants.

6.2.1 Vérification des émissions par:
— calcul, ou
— simulation, ou

— essai.
6.3.1.1 Essai sur un emplacementd'essai ou in situ
6.3.1.2 Essais d'émissions conduites:

— avec réseau fictif d'alimentation du CISPR, ou
— avec sonde.de-tension a haute impédance.

6.3.1.3.3 Emissions,rayonnées: distance de mesure

4.3 Documentation destinée a lI'utilisateur

L'étaplissement.des limites et la structure du présent document partent du principe| que
I'installateur.et/ I'utilisateur sont responsables de suivre les recommandations du construgteur
en matiére de CEM.

Le constructeur doit fournir la documentation necessaire a linstallation correcte dun BDM,
d'un CDM ou d'un PDS dans un systéme ou un processus type dans l'environnement prévu.
Ces informations incluent tous les avertissements d'émission exigés en 6.1 et au Tableau 15.
Elles incluent également les avertissements demandés en 5.3.2 dans le cas ou l'immunité
d'un BDM, d'un CDM ou d'un PDS n'est pas adaptée au deuxiéme environnement.

NOTE 1 Du point de vue de I'émission, un PDS (ou un BDM, ou un CDM) d'une catégorie d'émission faible, telle
que C1, peut toujours étre utilisé en lieu et place d'un entrainement ayant une catégorie d'émission plus élevée,
telle que C3.

NOTE 2 Les catégories d'émission sont indépendantes de I'immunité. Par exemple, l'indication selon laquelle un
PDS présente la catégorie d'émission C1 n'implique pas que son niveau d'immunité convienne seulement au
premier environnement.
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Si des mesures de CEM spéciales sont nécessaires pour respecter les limites exigées, elles
doivent étre clairement mentionnées dans la documentation l'utilisateur. Il peut s'agir, si le
cas est pertinent, des informations suivantes:

o |'impédance maximale et minimale acceptable pour le réseau d'alimentation;

o |'utilisation de cables blindés ou spéciaux (puissance et/ou commande);

o |les exigences de raccordement du blindage des cables;

e lalongueur maximale autorisée des cables;

o |a séparation des cables;

q
Lorsd
diffén
La lis

peuv
étre

Ces
comg

5 E

5.1

5.1.1

Ltilisation d'appareillages externes tels que des ftiltres;

raccordement correct de la terre fonctionnelle.

ue d'autres dispositifs ou exigences de connexion s'appliquent pour des environnements

ents, ils doivent également étre mentionnés.

te de tous les équipements auxiliaires (les options ou améliorations, par exemple
ent étre ajoutés au PDS et qui satisfont aux exigences d'immupite et/ou d'émission
lisponible.

renseignements peuvent aussi faire partie des rappofts~d'essais afin de clarifi
osition finale recommandée.

Exigences d'immunité

Conditions générales

Critéres de qualification (critéres.de performance)

La pgrformance du systéme est associée’aux fonctions déclarées par le constructeur du |

du C

DM ou du PDS dans leur ensemble.

La performance d'un sous:composant est associée aux fonctions déclarées pa

cons

La p
perfo
préci

Bien

ructeur des sous-composants du BDM, du CDM ou du PDS.

erformance d'un—sous-composant peut étre soumise a un essai a la place ¢
rmance du systéme pour démontrer l'immunité (voir 5.1.2). Le rapport d'essai
ser quel essaiva été appliqué.

que ce_document autorise des essais sur des sous-composants (composant

des gous-composants.

) qui
doit

er la

BDM,

_,
)

e la
doit

5 du
rmité

CDMSI/BDM), elle n'est pas prévue pour étre utilisée afin d'évaluer séparément la confo

Les critéres de qualification doivent étre utilisés pour vérifier la tenue d'un PDS aux
perturbations externes. Du point de vue de la CEM, toute installation conforme a la Figure 1
doit fonctionner correctement. Le PDS faisant partie de la séquence fonctionnelle d'un
processus qui I'englobe, les effets des variations de performances du PDS sur ce processus
sont difficilement prévisibles. Toutefois, il convient qu'un plan de CEM (voir Annexe E) traite
cet aspect, qui est important pour des systémes de grande taille.

Les fonctions principales d'un PDS sont la conversion de I'énergie électrique en énergie
mécanique et le traitement des informations nécessaires a cette conversion.

Le Tableau 2 classe les effets d'une perturbation donnée en trois critéres de qualification (de
performance): A, B et C, a la fois pour le PDS et pour ses sous-composants.
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Les Paragraphes 5.2 et 5.3 indiquent le critére de qualification exigé pour chaque phénomeéne.

5.1.2
5.1.2

Choix d'un type de performance

A Performance générale ou spéciale d'un systéme

Le critere de "performance générale du systeme" du Tableau 2 doit étre défini conformément
a l'application spéciale et a la configuration type du PDS. Le choix des critéres reléve de la
responsabilité du constructeur.

La performance spéciale du systéme, pour un comportement en générateur de couple, ne doit

étre

Dans
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cond

La ps
ou Iz
égalg
essa
diffen
avec
peut

5.1.2

Il copvient de pratiquer des essais de performance<des sous-composants lorsqu'un PD

peut
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de chi
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L'ess
acce
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au T
docu

e ou indirecte. L'essai direct utilise un torsiométre parfaitement immunisé dans
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5soires en option s'il y a lieujcne doit étre effectué que lorsque les accés et intert
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Tableau 2 - Critéres de qualification d'un PDS soumis
aux perturbations électromagnétiques

Elément Critére de qualification (performance)?
A B Cc
Performance Pas de variation sensible Variations sensibles (visibles | Arrét, variation des

générale du systéme

des caractéristiques de
fonctionnement

Fonctionne comme prévu,
dans les tolérances
spécifiées

ou audibles) des
caractéristiques de
fonctionnement

Autorécupérable

caractéristiques de
fonctionnement

Déclenchement des
dispositifs de protection P

Non autorécupérable

Perfg
Spéci

rmance
ale du systéme

Ecart de couple dans les
tolérances spécifiées

Ecart de couple temporaire
en dehors des tolérances
spécifiées

Perte de couple

Non autorécupétrable

Comportement du
couple généré Autorécupérable
Perfgrmance d'un Pas de dysfonctionnement Dysfonctionnement Arrét, déclenchement dé¢s
sous{ensemble des semiconducteurs de temporaire qui ne peut pas dispositifs de protection|?

) puissance provoquer l'arrét intempestif
anc |onr_1ement de du PDS Aucur]e perte de programme
I'électronique de stocké

puissiance et de ses

Aucune perte de prograpmme

circuits de -~
commande utilisateur
Aucune perte de réglagées
Non autorécupérable
Perfgrmance d'un Pas de perturbation de la Perturbation"temporaire de la | Erreurs de communicatipn,
sous{ensemble communication et de communication mais pas de perte de données et
F ) d I'échange de données avec | message d'erreur des d'informations
oncyions ae les matériels externes compoéants internes ou A g
:jr'altem‘e.nt etd externés qui pourrait UClIJ(rle perte de prog(rjanme
acquisition des provoquer l'arrét stocke, aucung_perte g
donnges programme utilisateur
Aucune perte de réglages
Non autorécupérable
Perfgrmance d'un Pas de changemeni des Modifications temporaires Arrét, perte définitive
sous{ensemble informations affichées, visibles des informations, d'informations, ou modeg de
F ) q seulement uneNégere illumination intempestive des | fonctionnement non
]f]’c,ncr ionnement des | ¢ctyation(de Ya luminosité | LED autorisé, affichage des
a bllc eursdet des LED-ou un léger informations manifestenfent
tablepux de mouyement des caractéres erroné
commande
Aucune perte de prograjnme
stocké, aucune perte dg
programme utilisateur
Aucune perte de réglages
a8 (Critéres«de qualification A, B, C — Les démarrages intempestifs ne sont pas admis. Un démafrage

in
fq

nctionnement.

tempestif consiste en un changement non voulu de I'état logique "A L'ARRET" pouvant mettre le motepr en

b Critére de qualification C_— La fonction peut &ire rétablie par une intervention de l'operateur (réearmement
manuel). La fusion des fusibles est admise pour les convertisseurs commutés par le réseau fonctionnant en
mode inverseur.

5.1.3 Conditions pendant lI'essai

La charge doit étre comprise dans les valeurs spécifiées par le constructeur et la charge
réelle doit figurer sur le rapport d'essai.

L'essai de comportement en générateur de couple comme celui des fonctions de détection et
de traitement des informations nécessite un équipement d'essai spécial possédant une
immunité adaptée contre les couplages parasites des perturbations de l'essai. Le dispositif
d'essai ne peut étre utilisé que si son immunité peut étre prouvée par des mesures de
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référence. L'évaluation de la perturbation de couple peut étre effectuée soit par un
torsiométre, soit par le calcul ou la mesure du courant générant le couple ou par d'autres
techniques indirectes. Une charge adaptée et immunisée doit étre disponible sur
I'emplacement d'essai.

Pour l'essai de performance des fonctions de détection et de traitement des informations, des
équipements appropriés pour la simulation de la communication ou de ['évaluation des
données doivent étre disponibles. Cet équipement doit posséder une immunité suffisante pour
fonctionner correctement pendant I'essai.

Le moteur ayant été soumis a l'essai par son constructeur conformément aux normes
appropriées, le composant moteur du PDS, a l'exception de ses capteurs, n'a pas_a subir
d'esdai d'immunité de CEM supplémentaire. Le moteur étant connecté au BDM/CDM, pendant
la dyrée de l'essai, il n'est pas exigé de procéder a des essais d'immunité de, GEM dur le
motepur lui-méme.

Les gssais doivent étre effectués sur les accés appropriés, lorsqu'ils existent] y compris [ceux
des @ccessoires en option, le cas échéant. lls doivent étre menés selon ‘Une méthode|bien
documentée et reproductible et accés par accés. Toutefois, en présence de plusieurs gcces
de mlesure et de commande de processus ou interfaces de signal ‘ayant une configuration
phys|que (disposition) identique, I'essai d'un seul type d'acces ou dlinterface est suffisant

Les Paragraphes 5.2 et 5.3 présentent les exigences minimalés, les essais et les critérgs de
qualification. Les critéres de qualification renvoient a 5.1.1¢

5.2 | Exigences d'immunité de base — perturbations basses fréquences
5.2.1 Principe commun

Les ¢xigences du présent paragraphe doivent étre appliquées pour assurer I'immunité[d'un
PDS |contre les perturbations basses fréguences.

Le copnstructeur peut montrer la conformité aux exigences d'immunité par essai, calcpl ou
simulation; il doit indiquer la méthode de vérification dans le rapport d'essai. Sauf indication
contrire, il suffit de montrer qule le circuit de puissance satisfait aux critéres de qualification
exigds et que les paraméires assignés des circuits d'entrée (filtres, etc.) ne sont| pas
dépapsés.

NOTE[ 1 Un certain nombre de ces phénoménes ne sont pas exigés par les normes génériques, mai$ sont
imporfants pour le dimensionnement du circuit de puissance du PDS. Il est difficile de réaliser des gssais
d'immpnité pour beaucoup de ces phénoménes, particuliérement lorsque le courant d'entrée dépasse 16 A qu que
la tengion d'alimentation dépasse 400 V. Cependant, I'expérience montre depuis de nombreuses années que} avec
un cifcuit de {puissance qui fonctionne correctement, I'immunité des commandes et des auxiliairds est
généralement:suffisante. Ceci est d0 au découplage naturel qui existe dans le PDS. Le découplage fourni gar les
alimentations)de puissance et les constantes de temps des processus auxiliaires tels que les ventilations gst un
exemple“d'un tel découplage.

La conformité aux exigences du présent document doit étre mentionnée dans la
documentation utilisateur. Quand la démonstration de la conformité est faite par des essais,
les normes fondamentales applicables dans la série IEC 61000-4 peuvent étre prises en
considération (voir Article B.7).

NOTE 2 Les conditions de service des alimentations principales et auxiliaires, s'il y a lieu, sont clairement
définies dans les conditions de service du PDS des normes appropriées I[EC 61800-1, IEC 61800-2 ou IEC 61800-4.
Ces conditions de service comprennent les variations de fréquence, la vitesse de variation de la fréquence, les
variations de tension, les fluctuations de tension, les déséquilibres de tension d'un réseau, les harmoniques et les
encoches de commutation.
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5.2.2

5.2.2

— 147 -

Harmoniques et encoches de commutation/distorsion de tension

A PDS basse tension (distorsion de tension)

Le PDS, BDM ou CDM doivent supporter les niveaux d'immunité, tout en satisfaisant aux
criteres de performance donnés aux Tableaux 3, 4 et 5. Il doit étre vérifié que ces niveaux ne
provoquent pas un dépassement des valeurs assignées des circuits d'entrée (filtres, etc.).
L'analyse des encoches de commutation doit étre faite dans le domaine temporel. Le
constructeur peut vérifier I'immunité par calcul, simulation ou essai conformément a 5.2.1; la
méthode de vérification retenue doit figurer dans le rapport d'essai. Si la méthode de
vérification retenue est l'essai, elle doit étre appliquée a l'aide du PDS avec le moteur

racc

rdé. Pour les équipements assignés en dessous de 16 A par phase

la méthode d'

essai

de I'l

NOTE|
harmg

FC 61000-4-13 peut s'appliquer.

L'analyse dans le domaine fréquentiel de la contribution des encoches de commutation sur‘a disf
nique totale ne rend pas entierement compte de certains effets nuisibles (voir Article B.1).

Tableau 3 — Exigences minimales d'immunité en distorsion

harmonique totale sur les accés de puissance des PDS basse/tension

orsion

Premier environnement Deuxiéme environnement Critére (de
Phg¢noméne performance
Document de . Document de . (de
ex Niveau ex Niveau \ )
référence référence qualificafion)
Harnmponiques IEC 61000-2-2 8 % IEC 61000-2-4 12 % A
— THD Classe 3
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Tableau 4 — Exigences minimales d'immunité pour les rangs harmoniques
individuels sur les accés de puissance des PDS basse tension

Phénomeéne Premier environnement Deuxiéme environnement p;:rrfi;é"r:a?‘ie
d'ha?rzggique Document de Niveau Document de Niveau (de
référence référence qualification)
2 IEC 61000-4-13 3% IEC 61000-4-13 5% A
3 Classe 2 3 % Classe 3 0%
4 1,5 % 2%
5 Q09 129
Ramgs pairs Aucune exigence 1,5 %
6 fh<50
7 7.5 % 10 %
9 2,5% 4 %
11 5% 7 %
13 4,5 % )
15 Aucune exigence 3%
17 3% 6 %
19 2% 6 %
21 Aucune exigence 2%
23 2% 6 %
25 2% 6 %
27 Aucune exigence 2%
29 1,5 % 5%
31 1,5 % 3 %
33 Aucune.exigence 2%
35 1,5 % 3 %
37 1,5 % 3 %
39 Aucune exigence 2%
NOTE 1 Pour les rangs harmoniques individuels dans le premier environnement, les niveaux sont ceux (e la
Claspe 2 de I'lEC 61000-4-13 (lesquels correspondent approximativement a 1,5 fois les niveaux de compatipilité
de I'lEC 61000-2-4).
NOTE 2 Pour lesyrangs harmoniques individuels dans le deuxiéme environnement, les niveaux sont ceux fle la
Claspe 3 de I'lEC61000-4-13 (lesquels correspondent approximativement a 1,5 fois les niveaux de compatipilité
de I'lEC 61000-2-4).

Tableau 5 — Exigences minimales d'immunité pour les encoches
de commutation sur les accés de puissance des PDS basse tension

Premier environnement Deuxiéme environnement Critére de
Phé | performance
enomene Document de . Document de . (de
ex Niveau ex Niveau s
référence référence qualification)
Encoches de (Aucun) Aucune exigence IEC 60146-1-1 Profondeur = 40 % A
commutation Classe B Surface totale =
250 en % degrés
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5.2.2

5.2.2

2 PDS de tension assignée supérieure a 1 000 V (distorsion de tension)

2.1 Accés de puissance principal

Le PDS, le BDM ou le CDM doivent supporter les niveaux d'immunité du Tableau 6. Il doit
étre vérifié que ces niveaux ne provoquent pas un dépassement des valeurs assignées des
circuits d'entrée (filtres, etc.). L'analyse des encoches de commutation doit étre faite dans le
domaine temporel. Le constructeur peut vérifier I'immunité par calcul, simulation ou essai
conformément a 5.2.1; la méthode de vérification retenue doit figurer dans le rapport d'essai.

NOTE L'analyse dans le domaine fréquentiel de la contribution des encoches de commutations a la distorsion

harmo

nigue totale ne révéle pas de maniére évidente certains types d'effets nuisibles (voir Article B.1).

Tableau 6 — Exigences minimales d'immunité pour les harmoniques et
les encoches de commutation/la distorsion de tension sur les accés
de puissance principaux des PDS de tension assignée supérieure a 1000 V

Critere fe
Phénomeéne Document de référence Niveau performajnce
(deI
qualification)
Harnponiques (THD et rangs IEC 61000-2-4 Valeur du niveau;de A
harmoniques individuels) Classe 3 compatibilité
Harnmponiques transitoires IEC 61000-2-4 1,5 fois lavdleur des niveaux A
(<18 s) Classe 2 permanénts de compatibilité
Encdches de commutation IEC 60146-1-1 Profondeur = 40 % U \ym A
(classe B)
Surface 2 = 125 en % degrés
(classe C)
2 La classe C de I'lEC 60146-1-1 convient pour le primaire du transformateur.

5.2.2

Les 4
deux
perfo

un dgpassement des valeurs assignées des circuits d'entrée (filtres, etc.). L'analyse

enco
verifi
vérifi
NOTE|
harmg

5.2.3

.2.2 Accés de puissance auxiliaire
ccés de puissance auxiliaires des PDS doivent supporter les niveaux d'immunité pg
eme environnement des “Fableaux 3, 4 et 5, tout en satisfaisant aux critéere
ches de commutation ‘doit étre faite dans le domaine temporel. Le constructeur

cation retenue @daqit figurer dans le rapport d'essai.

L'analyse{dans le domaine fréquentiel de la contribution des encoches de commutations a la dist
nique totdleyne révéle pas de maniére évidente certains types d'effets nuisibles (voir Article B.1).

Ecarts de tension, creux de tensions et coupures bréves

ur le
5 de

rmance donnés dans ces:ableaux. Il doit étre vérifié que ces niveaux ne provoquenft pas

des
peut

er I'immunité par<¢calcul, simulation ou essai conformément a 5.2.1; la méthode de

prsion

5.2.3

“4+—PDSbassetension(écartsdetension)

Le PDS, le BDM ou le CDM doivent supporter les niveaux d'immunité du Tableau 7. Le
constructeur peut vérifier I'immunité par calcul, simulation ou essai conformément a 5.2.1; la

méth

ode de vérification retenue doit figurer dans le rapport d'essai.
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Tableau 7 — Exigences minimales d'immunité pour les écarts de tension, les creux de
tension et les coupures bréves sur les accés de puissance des PDS basse tension

Premier environnement Deuxiéme environnement Critére de
. . erformance
Phénomeéne | pocument de Niveau Document de Niveau P (de
référence référence qualification)

Ecarts de IEC 61000-2-2 +10 % 2 IEC 61000-2-4 +10 % 2 Ab
tension Classe 2
(>60s)
Creux de IEC 61000-4-11 | Volts Cycles IEC 61000-4-11 Volts Cycles cd
tension © Classe 2 restants Classe 3 restants

ou 0 % 1 ou 0 % 1

IEC 61000-4-34 |70 % 25/30 °© IEC 61000-4-34 40 % 10/12 ¢

Classe 2 f Classe 3°

70 % 25/30 ¢
80 % 250/300

Couplres IEC 61000-4-11 | Volts Cycles IEC 61000-4-11 Volts Cycles cd
brévds Classe 2 restants Classe 3 restants

ou 0% 250/ ou 0 % 250/300°¢

300°
IEC 61000-4-34 IEC 61000-4-34
Classe 2f Classe 3'

a8 LTécart de tension" est une variation de la tension d'alimentation\par rapport a la tension d'alimentation
minale. Les essais d'écarts de tension pour les PDS triphasés nécessitent d'augmenter ou de diminger la
iiminution de la tension des trois phases simultanément.

Q>

b Lorsque la tension est inférieure a la valeur nominale, 1€s’ Valeurs assignées maximales de puissange de
sgrtie — vitesse et/ou couple — peuvent étre réduites parce.gu'elles sont fonction de la tension.

¢ "gycles x/y" signifie "x cycles pour I'essai a 50 Hz" et "jAeycles pour I'essai a 60 Hz".

d L4 fusion des fusibles est admise pour les converfisseurs commutés par le réseau fonctionnant en mode
injverseur.

¢ Agcés de puissance de courant assigné > 75°A: la méthode d'essai de chute de tension conforme au 7.5 de

IEC 61400-21:2008 peut étre utilisée.

f L'JEC 61000-4-11 s'applique aux équipements ayant un courant assigné inférieur ou égal a 16|A et
IEC 61000-4-34 s'applique aux équjpements ayant un courant assigné supérieur a 16 A.

Un ADS est utilisé pourtconvertir I'énergie, et un creux de tension représente une perfe de
I'énefgie disponible. lI-peut étre nécessaire d'opérer un déclenchement pour des raisons de
sécufité, méme pendant un creux de tension de 30 % a 50 % d'amplitude et d'une durde de
0,3s

NOTE|1 Une tension d'entrée décroissante, méme pendant quelques millisecondes, peut conduire a la fusign des
fusiblgs lorsquelle est appliquée a un convertisseur a thyristor commuté par le réseau fonctionnant en|{mode
générateur!

NOTEL 2> | 'effet d'un creux de tension (réduction d'énergie) sur le processus ne peut étre définil sans
connaissance détaillée du processus lui-méme. Cet effet est un aspect du systéme et du dimensionnement, et sera
généralement maximal lorsque la demande de puissance (pertes comprises) sur le PDS sera supérieure a la
puissance disponible.

Lorsque cela est possible et ne présente pas de danger, le comportement du PDS pendant
les coupures bréves peut étre vérifié en coupant puis en rétablissant I'alimentation pendant
les conditions de fonctionnement normales du PDS (voir B.6.1).

Le constructeur doit indiquer dans la documentation utilisateur les dégradations de
performances résultant des creux de tension ou coupures breves.

NOTE 3 Des améliorations de l'immunité (utilisation d'ASI, générateur de secours, déclassement, etc.) peuvent
se traduire par une augmentation sensible de taille et de colGt du PDS et peuvent réduire le rendement ou le
facteur de puissance. Des manceuvres telles que le redémarrage automatique peuvent avoir des conséquences sur
la sécurité et ne sont pas couvertes par le présent document.
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5.2.3.2 PDS de tension assignée supérieure a 1 000 V (écarts de tension)

5.2.3.2.1 Accés de puissance principal

Les accés de puissance principaux des PDS doivent supporter les niveaux d'immunité du
Tableau 8. Le constructeur peut vérifier l'immunité par calcul, simulation ou essai
conformément a 5.2.1; la méthode de vérification retenue doit figurer dans le rapport d'essai.

Tableau 8 — Exigences minimales d'immunité pour les écarts de tension, les creux de
tension et les coupures bréves sur les accés de puissance principaux des PDS de

tension assignée supérieure a 1 000 V

o

Cycles x/y" signifie "x cycles pour I'essai a 50 Hz" et "y cycles pour I'essai a 60 Hz".

a fusion des fusibles est admise pour les convertisseurs commutés par le réseau fonctionnant en rf
verseur.

Critére fe
Phénomeéne Document de référence Niveau perfo(rdn;a‘[wce
qualification)
Ecarfs de tension IEC 61000-2-4 +10 % Ad
supérieurs a 1 min Classe 3
Ecarfs de tension IEC 61000-2-4 +10 % a -15% Ad
inférleurs a 1 min Classe 3
Creux de tension IEC 61000-4-34 Volts restants |-Cyeles cd
0 % 1
40 % 10/12 ¢
70 % 25/30 ¢©
80 % 250/300 °
Cougures bréves IEC 61000-4-34 Volts restants | Cycles cd
0% 250/300 °
a8 |I"écart de tension" est une variation de la tension d'alimentation par rapport a la tension d'alimentption
nominale. Les essais d'écarts de tension pouriles PDS triphasés nécessitent d'augmenter ou de diminuer la
diminution de la tension des trois phases simultanément.
Goncernant les écarts de tension, aucun“échelon de tension ne doit dépasser +12 % de la tension nomjnale
gt le temps entre les échelons ne doit.pas étre inférieur a 2 s.
Uorsque la tension est inférieure~aclta valeur nominale, les valeurs assignées maximales de puissance de
sprtie — vitesse et/ou couple —-peuvent étre réduites parce qu'elles sont fonction de la tension.
b Les profondeurs et durées types des creux de tension sont données dans I''EC TR 61000-2-8.

hode

Le d
perfo

rmances résultant des creux de tension ou coupures bréves.

onstructeur doit indiquer dans la documentation utilisateur les dégradations

p

5.2.3

2.2 Acceés de puissance auxiliaire

de

Les accés de puissance auxiliaires des PDS doivent supporter les niveaux d'immunité du
Tableau 9. Le constructeur peut vérifier I'immunité par calcul, simulation ou essai; la méthode
de vérification retenue doit figurer dans le rapport d'essai.
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Tableau 9 — Exigences minimales d'immunité pour les écarts de tension,
les creux de tension et les coupures bréves sur les accés de puissance
auxiliaires des PDS basse tension

. | Document de . Critére de performance (de
Phénomeéne Cex Niveau P
référence qualification)
Ecarts de tension IEC 61000-2-4 +10 % A
supérieurs a 1 min Classe 3
Ecarts de tension IEC 61000-2-4 +10 % a -15% A
inférieurs a 1 min Classe 3
Creux de tension IEC 61000-4-11 Volts restants Cycles C
ou
IEC 61000-4-34° | 0% 1 7
40 % 10/12 @
70 % 25/30 @
80 % 250/300 @
Coupures bréves IEC 61000-4-11 Volts restants Cycles C
Classe 3
ou 0 % 250/300 @
IEC 61000-4-34
Classe 3P

"tycles x/y" signifie "x cycles pour I'essai a 50 Hz" et "y cycles pour I'essaja 60 Hz".

b LJIEC 61000-4-11 s'applique aux équipements ayant un courant_assigné inférieur ou égal & 16 A et
EC 61000-4-34 s'applique aux équipements ayant un courant assigné supérieur a 16 A.

5.2.j
5.2.41

PDS basse tension

Déséquilibre de tension et variations defréquence

La definition et les méthodes d'appréciation d'un déséquilibre de tension sont exposégs en

B.5.2.

Le PDS, le BDM ou le CDM doivent étre conformes aux niveaux d'immunité du Tableau 1P. Le
consfructeur peut vérifier I'immunité par calcul, simulation ou essai; la méthode de vérificlation
retenue doit figurer dans le\rapport d'essai. Pendant la vérification, la condition assignége de
charge doit étre utilisée.
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Tableau 10 — Exigences minimales d'immunité pour le déséquilibre de tension et les
variations de fréquence sur les accés de puissance des PDS basse tension

I'alimentation est
distincte des
réseaux publics
d'alimentation

Phénomeéne Premier environnement Deuxiéme environnement Critere de
performance
Document de Niveau Document de Niveau (de
référence référence qualification)
Déséquilibre IEC 61000-2-2 | 2 % de IEC 61000-2-4 | 3 % de composante A°
de tension @ composante Classe 3 inverse
inverse
Variations de IEC 61000-2-2 | £+2 % IEC 61000-2-4 | £+2 % A
fréquence
L 4 70 10TSYUC
I'alimentation est
distincte des
réseaux publics
d'alimentation
Vitedse de 1 %/seconde + 1 %/s A
varigtion de la o
fréqlence 2 %ls lorsque

2 Ne s'applique pas aux PDS monophasés.

b Hn cas d'essai, utiliser une durée d'essai de 30 s + 5 s.

5.2.j.2
5.2.4.2.1

PDS de tension assignée supérieure a3 000 V

Accés de puissance principal

La de¢finition et les méthodes d'appréciation.d'un déséquilibre de tension sont exposégs en

B.5.2.

Le PDS, le BDM ou le CDM doivent supporter les niveaux d'immunité du Tableau 11. Le
consfructeur peut vérifier I'immunité par calcul, simulation ou essai; la méthode de vérification
retenue doit figurer dans le rapport d'essai. Pendant la vérification, la condition assignge de
charge doit étre utilisée.

Tapleau 11 — Exigences minimales d'immunité pour le déséquilibre de tension et les

variations de fréquence sur les accés de puissance principaux des PDS de tension

assignée supérieure a1 000 V

Document de

Phénomeéhe Niveau Critére de performance (de
référence qualification)
Dés4dquilibre de tension IEC 61000-2-4 2 % de composante inverse A
Classe2
Variations de fréquence IEC 61000-2-4 2 % A

+4 % lorsque l'alimentation est | A
distincte des réseaux publics
d'alimentation

Vitesse de variation de la

fréquence

1 %l/s A

2 %/s lorsque l'alimentation est | A
distincte des réseaux publics
d'alimentation
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2.2 Accés de puissance auxiliaire

2017

La définition et les méthodes d'appréciation d'un déséquilibre de tension sont exposées en
B.5.2.

Les accés de puissance auxiliaires des PDS doivent supporter les niveaux d'immunité du
Tableau 12. Le constructeur peut vérifier l'immunité par calcul, simulation ou essai; la

méth

ode de vérification retenue doit figurer dans le rapport d'essai.

Tableau 12 — Exigences minimales d'immunité pour le déséquilibre de tension et les
variations de fréquence sur les accés de puissance auxiliaires des PDS basse tension

Phénomeéne Document de Niveau Critére de p_e_rfor_mancd (de
référence qualification)
Désgdquilibre de IEC 61000-2-4 3 % de composante inverse | A
tension
Classe 3
Variagtions de IEC 61000-2-4 12 %
fra
reaqence +4 % lorsque l'alimentation A
est distincte des réseaux
publics d'alimentation A
5.2.5 Effets de I'alimentation — Champs magnétiques
Les essais d'immunité conformes a I'lEC 61000-4-84ne sont pas exigés (voir explicatlon a
I'Arti¢le A.3).
5.3 | Exigences d'immunité de base — perturbations hautes fréquences
5.3.1 Conditions
Le Tableau 13 et le Tableau 14 ci-aprés exposent les exigences d'immunité minimales|pour

les e
quali

5.3.2

5sais de perturbations hautes fréquences et les critéres de qualification. Les critére
fication renvoient a 5.1.1. Des explications sont fournies a I'Article A.3.

Premier environnement

Les Tiveaux du Tableau*13 doivent étre appliqués aux PDS destinés a étre utilisés da
i

prem

Si le
instry
n'est

er environnement.

CDM/BDM™ est congu pour présenter une immunité conforme au Tableau 13
ctions \d“utilisation doivent comporter un avertissement écrit précisant que le pn
pas(destiné a étre utilisé dans une installation industrielle.

bs de

ns le

. les
oduit
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Tableau 13 — Exigences minimales d'immunité pour les PDS
destinés a étre utilisés dans le premier environnement

Critere de
Norme de base erformance
Acces Phénoméne pour la méthode Niveau P (de
d'essai PN
qualification)
Accés enveloppe ESD (décharge IEC 61000-4-2 4 kv CD B
électrostatique)
ou 8 kV AD
si CD impossible
f‘hnmp élnr‘frnmngnéﬁnllm IEC 61000-4-3 80 MHz a1 000 MHz A
a radiofréquence, amplitude ) )
modulée Voir aussi 5.3.4 3 V/m
80 % AM (1 kHz)
Champ électromagnétique IEC 61000-4-3 1,4 GHz a 2,0 GHz A
a radiofréquence, amplitude ) )
modulée Voir aussi 5.3.4 3 V/m
80 % AM (1 kHz)
Champ électromagnétique IEC 61000-4-3 2,0 GHz a,2)7)GHz A
a radiofréquence, amplitude ) )
modulée Voir aussi 5.3.4 1V/m
80 % AM (1 kHz)
Accép de Transitoires rapides en IEC 61000-4-4 NkV/5 kHz a B
puissiance salves
acce$ de puissance .
auxililaires en Surtension IEC 61000-4-5 1kv?® B
courgnt continu 1,2/50 ps, 8/20 ps 2Ky d
inféripur a 60 V)
Mode commun de IEC 61000-4-6 0,15 MHz a 80 MHz A
radiofréquence conduite ) )
Voifraussi 5.3.4 3V
80 % AM (1 kHz)
Interleces de Transitoires rapides en IEC 61000-4-4 1 kV/5 kHz B
puissiance salves e . "
Pince capacitive
Accep des lignes de | Transitoires rapides en IEC 61000-4-4 0,5 kV/5 kHz B
mesyre et de salves e . -
comnhande de Pince capacitive
Pr°C§SS“S :t \anal | Mode commun de IEC 61000-4-6 0,15 MHz a 80 MHz A
interfaces de signa radiofréquence conduite © ) )
R . Voir aussi 5.3.4 3V
Accép de puissance
auxilipire en courant 80 % AM (1 kHz)
contipu inférieur a
60 V
CD: décharge_au jcontact AD: décharge dans l'air AM: modulation d'amplitude
a8  Apces(de puissance de courant assigné < 100 A: couplage direct via le réseau de couplage et de découglage.
Afpcés de puissance de courant assigné > 100 A: couplage direct via le réseau de couplage ou la pince
capacitative, sans le réseau de découplage. Si une pince capacitive est utilisée, le niveau d'essai doit étre de

¢ Couplage entre phases.

Couplage phase-terre.

e Applicable seulement aux accés ou aux interfaces destinés a des cables dont
conformément aux spécifications fonctionnelles données par le constructeur, peut dépasser 3 m.

2 kV/5 kHz. La méthode d'essai retenue doit figurer dans le rapport d'essai.

la

Ne s'applique qu'aux acces de puissance présentant une consommation de courant <63 A dans les
conditions d'essai a faible charge spécifiées en 5.1.3.

longueur totale,

5.3.3

Deuxiéme environnement

Les niveaux du Tableau 14 doivent étre appliqués aux PDS destinés a étre utilisés dans le
deuxiéme environnement. Ceci s'applique également aux accés basse tension, ou aux
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interfaces basse tension (puissance et signaux) des PDS de tension assignée supérieure a
1000 V.

NOTE Exemples d'accés basse tension et d'interfaces de PDS de tension assignée supérieure a 1 000 V:
Accés enveloppe BT enveloppe d'auxiliaires, commande et protection;

Acceés de puissance BT Alimentation BT du PDS;

Interfaces de puissance BTdistribution de I'alimentation auxiliaire entre les principaux composants du PDS;

Interfaces de signal BT interfaces de signal BT dans les principaux composants du PDS;

Acceés|processus BT acces signal du PDS
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Tableau 14 — Exigences minimales d'immunité pour
les PDS destinés a étre utilisés dans le deuxiéme environnement

Norme de base gr:‘lct:r:?a(:\ie
Acceés Phénoméne pour la méthode Niveau P (de
d'essai NN
qualification)
Acceés enveloppe ESD (Décharge IEC 61000-4-2 4 kV CD ou 8 kV AD si B
électrostatique) CD impossible
Champ électromagnétique a [IEC 61000-4-3 80 MHz a 1 000 MHz A
diofré , litud ) )
;ﬁoézllzguence ampiitude Voir aussi 5.3.4 10 V/m
80 % AM (1 kHz)
Champ électromagnétique a |IEC 61000-4-3 1,4 GHz a 2,0 GHz A
diofré , litud ) )
;ﬁoézllzguence amplitice Voir aussi 5.3.4 3 V/m
80 % AM (1 kHz)
Champ électromagnétique a |IEC 61000-4-3 2,0 GHz a 2,7 GHZ A
radiofréquence, amplitude . )
modulée Voir aussi 5.3.4 1V/m
80 % AMNTKHz)
Acceq de puissance |Transitoires rapides en IEC 61000-4-4 2 kV/5 kHz @ B
. salves
(sauf pcces de
puissance auxiliaires |Surtension ? IEC 61000-4-5 1KV ¢ B
en coprant continu d
inférigur a 60 V) 1,2/50 ps, 8/20 ps 2 kV
Radiofréquence conduite en [IEC 61000-4;6, 0,15 MHz a 80 MHz A
mode commun © . )
Voir aussins.3.4 10V
80 % AM (1 kHz)
Interfaces de Transitoires rapides en IEC*61000-4-4 2 kV/5 kHz B
puissance salves © ) »
Pince capacitive
Interfaces de signaux |Transitoires rapides en IEC 61000-4-4 1 kV/5 kHz B
salves © ) »
Pince capacitive
Radiofréquence.conduite en [IEC 61000-4-6 0,15 MHz a 80 MHz A
d mun®
mode comy Voir aussi 5.3.4 |10V
80 % AM (1 kHz)
Acced des lignes de |Transitoires rapides en IEC 61000-4-4 2 kV/5 kHz B
mesufe et de salves © ) »
commande de Pince capacitive
procepsus Surtension IEC 61000-4-5 1 kv 9f B
Acc_é_s _de puissance 1,2/50 ps, 8/20 us
auxiligire en courant
contirju inférieur a Radiofréquence conduite en |IEC 61000-4-6 0,15 MHz a 80 MHz A
60 V mode commun © .

LW Lo 4
VA ALIN= 1" E-2o] mrv pre o 3

4
T

P

v

80 % AM (1 kHz)

CD: décharge au contact

AD: décharge dans l'air

AM: modulation d'amplitude
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2 Accés de puissance de courant assigné < 100 A: couplage direct via le réseau de couplage et de découplage.
Accés de puissance de courant assigné > 100 A: couplage direct via le réseau de couplage ou la pince
capacitative, sans le réseau de découplage. Si une pince capacitive est utilisée, le niveau d'essai doit étre de
4 kV/5 kHz. La méthode d'essai retenue doit figurer dans le rapport d'essai.

b Ne s'applique qu'aux accés de puissance présentant une consommation de courant < 63 A dans les conditions
d'essai a faible charge spécifiées en 5.1.3.

¢ Couplage entre phases.
Couplage phase-terre.

¢ Applicable seulement aux accés ou aux interfaces destinés a des cables dont la longueur totale,
conformément aux spécifications fonctionnelles données par le constructeur, peut dépasser 3 m.

f Applicable seulement aux accés destinés & des cables dont la longueur totale, conformément aux
S acificatione fanctianngllas danndas h')P lo. r\r\nc\frllnfﬁllr pnnf Hapc\oonr 20 - Dane la cac d'vin ocahlg I«I|ndé’
ur] couplage direct est appliqué sur Ie blindage. Cette exigence d'immunité ne s'applique pas aux\bls de
cgmmunication de terrain ou autres interfaces de signaux pour lesquelles il est difficile, pour des rgisons
tephniques, d'utiliser des dispositifs de protection contre les surtensions. L'essai n'est pas eXige’la|ou le
fopctionnement normal de I'équipement en essai (EST) ne peut pas étre obtenu a cause dé€ I'influenfe du
répeau de couplage/découplage.

Ces [phénoménes ne sont pas significatifs lorsqu'ils sont appliqués.-aux acces de tepsion
assignée supérieure a 1 000 V. Pour plus de simplicité, ces acces sant-appelés acces HT des
PDS |de tension assignée supérieure a 1 000 V.

NOTE| Exemples d'accés et d'interfaces HT de PDS de tension assignée superieure a 1 000 V:
Acces|enveloppe HT enveloppe du transformateur, partie convertiSseur et moteur;
Acces|de puissance HT primaire du transformateur;

Interfdces de puissance HTdistribution du courant HT entre |eés\principaux composants du PDS;
Interfdces de signal HT interfaces de signal HT dans(es principaux composants du PDS
5.3.4 Immunité aux champs électromagnétiques

Lorsque le PDS est

— dp tension assignée inférieure_ol égale a 500 V,
de courant assigné inférieut-ou égal a 200 A,
— dJun poids total inférieur.ou égal a 250 kg, et
de hauteur, de largeur et de profondeur inférieure ou égale a 1,9 m,

les epsais de I'lEC\61000-4-3 et I'lEC 61000-4-6 doivent étre effectués (voir 5.3.2 et 5.3.3).

Si le[PDS est.de taille plus importante ou de calibre supérieur a ce qui est décrit a I'dlinéa
précg¢dent; le constructeur doit

— effectuer les essais de I'lEC 61000-4-3 et de I'lEC 61000-4-6 sur le PDS. ou

— effectuer les essais des normes IEC 61000-4-3 et IEC 61000-4-6 sur les sous-composants
sensibles et faire figurer la méthode d'essai retenue dans le rapport d'essai.

Lorsque la taille du moteur est trop importante pour qu'il soit mis en fonctionnement sur un
emplacement d'essai, le moteur peut étre remplacé par un autre de taille inférieure a
condition que cela ne nuise pas au fonctionnement du CDM/BDM.

5.4 Application des exigences d'immunité — Aspect statistique

Lors du choix du niveau de qualification pour un essai spécifique sur un PDS, il doit étre
entendu que le résultat de l'essai n'implique qu'une probabilité de performance. Selon le
critéere de qualification et I'application du PDS, cette probabilité doit étre prise en
considération en spécifiant le nombre d'impulsions de I'essai ou sa durée.
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Les exigences d'immunité du 5.3 doivent étre vérifiées en réalisant un essai de type sur un
appareil représentatif. Le constructeur ou le fournisseur doit garantir que le comportement de
CEM du produit est maintenu en production par une forme ou une autre de contrdle qualité.

Les résultats des mesures obtenus pour un PDS installé sur son lieu d'utilisation (et non a
I'emplacement d'essai) ne doivent s'appliquer qu'a cette installation.

6 Emission

6.1 Généralités sur les exigences d'émission

Les mesures doivent étre effectuées pour le mode de fonctionnement produisant le maximum
d'ém|ssions dans la bande de fréquences tout en restant compatible avec une @ppliciation
normjale.

Le Tableau 15 résume les exigences en fonction de la classification du PDS- (voir 3.2).
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Tableau 15 — Résumé des exigences d'émission

Catégorie Tension perturbatrice Tension perturbatrice Emissions rayonnées
Basses fréquences Hautes fréquences (accés enveloppe et autres)
(acceés de puissance) (acceés de puissance)
Catégorie | Evaluation du produit Evaluation du produit Evaluation du produit
C1
Exigences: Limites pour les émissions Limites pour les émissions
-6.2.2 conduites: rayonnées:
-6.2.3.10u6.2.3.2 0u 6.2.3.3 -6.4.1.1, Tableau 16 - 6.4.1.3, Tableau 17;
-624
-6.25 Autres exigences d'émissjon:
-6.4.1.2;
Recommandations relatives aux -6.4.1.4
conditions de charge:
-B.2.3.3etB.3.2
Catégorie |Evaluation du produit Evaluation du produit Evaluation du produit
Cc2
Exigences: Limites pour les émissions Limites pour les émissions
-6.2.2 conduites: rayonnées:
-6.2.3.1 0u 6.2.3.2 ou 6.2.3.3 -6.4.1.1, Tableau 16 -6.4.1.3, Tableau 17,
-6.2.4,
-6.25 Avertissement dansdes Autres exigences d'émissjon:
o instructions d'utilisation: .
-6.4.1.2;
-6.4.1.1
Recommandations relatives aux -6.4.1.4
conditions de charge:
-B.2.3.3etB.3.2 Avertissement dans les
instructions d'utilisation:
-6.4.1.3
Catégorie |Evaluation du produit Evaluation du produit Evaluation du produit
C3
Exigences: Limites pour les émissions Limites pour les émissionks
-6.2.2 conduites: rayonnées:
-6.2.3.4 -6.4.2.2, Tableau 19 - 6.4.2.4, Tableau 20
-6.2.4,
-6.25 Avertissement dans les Autres exigences d'émissjon:
instructions d'utilisation: _6.4.23
-6.4.2.1
Recommandations relatives aux
conditions de charge: Avertissement dans les
- B.23.3 et regles générales B.3.3 instructions d'utilisation:
etB.4 -6.4.2.1
Catégorie \[/Reégles d'ingénierie Regles d'ingénierie Reégles d'ingénierie
C4

Exigences:
-6.2.2,
-6.2.3.4,
-6.2.4,
-6.2.5

Recommandations relatives aux
conditions de charge:

- B.2.3.3 et regles générales B.3.3

et B.4

Soit

- appliquer les exigences de
catégorie C3 ci-dessus,

soit
-6.5

Soit

- appliquer les exigences de
catégorie C3 ci-dessus,

soit
-6.5
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6.2 Limites de base des émissions basse fréquence
6.2.1 Méthode de mise en conformité

La conformité peut se vérifier par calcul, par simulation ou par essai. La méthode de
vérification retenue doit figurer dans le rapport d'essai.

6.2.2 Encoches de commutation

Les encoches de commutation sont mesurées au niveau des accés de puissance a l'aide d'un
oscilloscope (voir B.1.1). Elles sont produites par des convertisseurs contrb6lés commutés par
le réseay

Lorsqu'il est établi que le circuit d'entrée du PDS ne produit pas d'encoches ou ne produif que
des encoches d'amplitude négligeable (par exemple dans le cas de redressedrs*a dipde),
I'émigsion d'encoches peut ne pas étre prise en considération.

Dang la pratique, le principal cas dans lequel il convient de tenir compte de I'émigsion
d'endoches de commutation est le cas de convertisseurs a thyristor (commutés par le résgau).
Les filtres RFI sont des cas pratiques d'équipements qui peuvent étre affectés par les
encoghes. lls peuvent étre soumis a des surcharges ou surtensions-répétées.

NOTE| Un redresseur a diodes est un convertisseur non contrélé comimuté par le réseau, qui produjt des
encoches de commutation d'amplitude négligeable. Certains convertisseurs autocommutés (par exemple, un
conveftisseur indirect de type onduleur de tension a étage d'entrée\ actif) peuvent produire des encoches de
commptation en fonction du type de modéle MLI.

Lorsque les encoches doivent étre prises en considération, le constructeur doit fourn|r les
informations suivantes a I'utilisateur:

e vpleur de toutes les réactances de décaouplage incluses dans le PDS;

e r¢actances de découplage disponibles qui peuvent étre ajoutées en externe [pour
permettre I'atténuation (voir B.1.2);

Il conpvient de suivre les recommandations données en B.1.3.

6.2.3 Harmoniques et interharmoniques

6.2.3]1 Réseau public d'alimentation basse tension — Equipement couvert par
I'lEC 61000-3-2

Un équuipement peut comporter un ou plusieurs PDS, ainsi que d'autres charges.

Lorsqu'un PDS est couvert par I'lEC 61000-3-2, les exigences de cette norme s'appliguent.
Lorsqu'un ou plusieurs PDS inclus dans I'équipement sont couverts par I'lEC 61000-3-2, les
exiggncés de cette norme s'appliquent a I'équipement complet, et non aux|PDS
individuetiement. 1 incombe au constructeur de equipement de definir fes iimites du systéme
ou du sous-systétme auquel s'applique [I'lEC 61000-3-2, ainsi que la méthode de
démonstration de la conformité de I'équipement.

6.2.3.2 Réseau public d'alimentation basse tension — Equipement couvert par
I'lEC 61000-3-12

Lorsqu'un PDS est couvert par I'lEC 61000-3-12, les exigences de cette norme s'appliquent.
Lorsqu'un ou plusieurs PDS inclus dans I'équipement sont couverts par I'lEC 61000-3-12, les
exigences de cette norme s'appliquent a I'équipement complet, et non aux PDS
individuellement. Il incombe au constructeur de I'équipement de définir les limites du systéme
ou du sous-systéme auquel s'applique I'lEC 61000-3-12, ainsi que la méthode de
démonstration de la conformité de I'équipement.
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6.2.3.3 Réseau public d'alimentation basse tension — Equipement non couvert par
I'lEC 61000-3-2 ou par I'lEC 61000-3-12

Pour un équipement non couvert par I''EC 61000-3-2 ou par I'lEC 61000-3-12 (courant
assigné supérieur a 75 A), des recommandations peuvent étre consultées a I'Article B.4.

Le constructeur doit fournir la documentation du PDS ou, sur simple demande, le rapport
entre le niveau des harmoniques de courant THC dans des conditions assignées de charge et
le courant efficace sur I'accés de puissance, ainsi que les courants harmoniques jusqu'au 40°
rang. Ces données peuvent s'obtenir par calcul, simulation ou essai.

Pour|le calcul ou la simulation, les hypothéses suivantes doivent étre retenues: la tension
applipuée présente un THD inférieur a 1 %, et l'impédance interne du réseau. est| une
indugtance pure. Si I'emplacement spécifique du PDS est inconnu, les courants harmoniques
doivgnt étre calculés en prenant pour hypothése que le PDS est relié a un PC doté de la
valeyr de Rgq, la plus élevée autorisée par le constructeur du PDS.

Isc
Rg) =—=

ILN

Igc | est le courant de court-circuit au niveau du PC examiné;
I N | estle courant d'entrée assigné du PDS.

Si le|constructeur n'indique pas une valeur maximale de Rg, par hypothése, une valeyr de
250 |doit étre retenue. Si Il'emplacement spécifiqgue du PDS est connu, l'impédance
d'alimentation a cet emplacement doit étre utilisée,

L'Article A.1 et I'Article A.2 de I'lEC TR 61000-2-6:1995 fournissent un guide de calcu| des
harmioniques. Des indications pour la sommation d'harmoniques de différentes sources|sont
égalgément données en 7.4 de I'lEC TR«81000-2-6:1995.

Les effets des interharmoniques, sont étudiés en B.4.3. Les méthodes de calcul figurent a
I'Annexe C de I'lEC TR 61000:2-6:1995.

6.2.3.4 Réseaux industriels

Lorsqu'un PDS doitrétre utilisé dans une installation non directement alimentée a partir[ d'un
réseau public basse”tension, I'lEC 61000-3-2 et I'lEC 61000-3-12 ne sont pas applicdbles.
Dés |ors, il copvient de mettre en ceuvre une approche raisonnable prenant en considénation
la totplité de('ipstallation (voir Article B.4).

NOTE| Pour/les réseaux de tension supérieure a 1 000V, la totalité de l'installation peut étre soumise |a des
regles| imposées par le distributeur, généralement basées sur I''EC TR 61000-3-6. Ces régles s'appligyent a
I'instaltatiomdans sa giobalité et o pas a chaque equipement. EES prenmnent generatement e consaeration les
courants harmoniques et les distorsions de tension a l'intérieur du systéme. Le Tableau B.2 fournit une approche
efficace et simplifiée.

Dans le cas d'un PDS dont la tension assignée est supérieure a 1 000 V, les émissions
harmoniques produites par I'accés de puissance principal et I'accés de puissance auxiliaire
doivent étre examinées séparément.

6.2.4 Fluctuations de tension
6.2.4.1 Conditions

L'équipement peut comporter un ou plusieurs PDS, ainsi que d'autres charges capables de
provoquer des fluctuations de tension.
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NOTE 1 Les fluctuations de tension peuvent étre provoquées, par exemple, par des variations fréquentes de la
charge d'un PDS, ou par des sous-harmoniques liées a la récupération d'énergie de moteurs asynchrones. Les
fluctuations de tension peuvent également étre provoquées par des interharmoniques a des fréquences légerement
différentes du fondamental ou des harmoniques prédominantes. L'émission est généralement provoquée par des
cycloconvertisseurs ou des onduleurs a source de courant (voir B.4.3 et B.6.2). Les interharmoniques sont
couverts par les niveaux de compatibilité indiqués dans I'lEC 61000-2-4 ou dans I'lEC 61000-2-12.

NOTE 2 Les fluctuations de tension dépendent de I'impédance de l'installation et du cycle de service de la charge.
Dans certaines applications, I'utilisateur peut réduire les fluctuations de tension en ajustant le cycle de service de
la charge par variation du taux d'évolution de la vitesse, ou par d'autres techniques.

La plupart des fluctuations de tension dépendent de l'installation. Par conséquent, il convient
que cet aspect du systéme reléve de la responsabilité de I'utilisateur ou de l'installateur. Il
conviept-de-ne pas-dépasserlesni de-compatibiité—indigues—danstHEC 61000 4-pour
les variations de tension, compte tenu des effets cumulés de I'ensemble des équipementy.

6.2.4.2 PDS couvert par I'lEC 61000-3-3 et I'lEC 61000-3-11

Lorsqu'un PDS est couvert par I'lEC 61000-3-3, les exigences de cette narme s'appliguent.
Lorsqu'un ou plusieurs PDS inclus dans I'équipement sont couverts par "=C 61000-3-3, les
exiggnces de cette norme s'appliquent a I'équipement complei,y et non aux|PDS
indivliduellement.

Lorsqu'un PDS est couvert par I'lEC 61000-3-11, les exigences de cette norme s'appliguent.
Lorsqu'un ou plusieurs PDS inclus dans l'équipement couverts par I''EC 61000-3-11| les
exiggnces de cette norme s'appliquent a I'équipenient complet, et non aux|PDS
individuellement.

NOTE| L'application des limites de fluctuation de tension de I''EC 61000-3-3 et de I'lEC 61000-3-11 n'est pdssible
que Idrsque les caractéristiques de la charge de I'équipemeént, entrainé sont connues. Pour cette raison, sguls le
constructeur et/ou I'utilisateur de la machine sont capabléside déterminer sa conformité aux limites de fluctuation
de tension.

6.2.4.3 PDS non couvert par I'lEC 61000-3-3 et I'lEC 61000-3-11

Pour{un équipement non couvert par\fEC 61000-3-3 et I'lEC 61000-3-11, les émissions de
fluctyations de tension dépendeni) généralement des conditions de charge; le présent
document ne peut pas fournir d'exigences.

NOTE| Des reglements locaux fournis par les autorités locales peuvent s'appliquer a l'installation complete.
6.2.5 Emissions dans la plage de fréquences comprise entre 2 kHz et 9 kHz

Pour|la plage de fréguence entre 2 kHz et 9 kHz, aucune limite n'est spécifiée.

NOTE|1 Le sousscomité 77A de I'lEC travaille actuellement sur les niveaux de compatibilité dans cette plgge de
fréqugnce.

NOTE| 2{_dusqu'a la spécification de limites dans cette plage de fréquence, des recommandations de concfption
pour Igs valeurs d'émission des PDS et des CDM peuvent étre consultées dans I'lEC TS 62578:2015, Annexe| B.

6.2.6 Emission harmonique en mode commun (tension de mode commun basse
fréquence)

La fréquence de commutation du convertisseur du PDS est souvent dans la plage des
fréquences audibles et, en particulier, dans la plage des fréquences généralement utilisées
par les systémes de téléphone et de données. Pour éviter tout risque de diaphonie avec les
cables de signal, les instructions d'installation doivent recommander de séparer le cable de
I'interface de puissance des cables de signal, ou bien proposer d'autres méthodes
d'atténuation.
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6.3 Conditions liées a la mesure des émissions hautes fréquences
6.3.1 Exigences générales
6.3.1.1 Conditions communes

La vitesse de variation de la tension ou du courant est considérée comme la principale source
d'émissions hautes fréquences. Pour ce type de perturbation, les valeurs de dv/d¢ les plus
élevées ont un impact; elles apparaissent généralement avec des courants de sortie inférieurs
au courant assigné du PDS. Ces essais sont donc des essais a faible charge. Les essais
doivent étre appliqués sur les acces appropriés, lorsqu'ils existent, et doivent étre effectués
de maniére bien définie et reproductible sur chague acceés.

La pméthode d'essai doit étre conforme au 7.3, au 7.4 et a [Article8 du
CISHR 11:2015/AMD1:2016. Les exigences relatives a la configuration d'essai du PDS,
nota}ment sur le positionnement  du cablage, sont issues du 7.5 du
CISHR 11:2015/AMD1:2016, avec une attention particuliére accordée a la-mise a la {erre.
6.3.1[.3 ci-aprés décrit un exemple type de configuration d'essai et de disposition du cablage
d'un [PDS pour la mesure des perturbations rayonnées avec une distancé de séparatign de
3 m.|[La charge et les longueurs de cables doivent respecter les Jimites spécifiées ppar le
consfructeur. La charge effective et la longueur du cable de l'interface de puissance dgivent
étre indiquées dans le rapport d'essai.

Le rgpport d'essai doit indiquer si les essais ont été réalisés\sur un emplacement d'esspi ou
in sity.

6.3.1,.2 Emissions conduites

L'éqgyipement de mesure pour I'évaluation des’émissions de tension perturbatrice hautes
fréguences de la borne de puissance réseauc(accés de puissance) est soit un réseau|fictif
d'alimentation (50 Q/50 pH, voir CISPR 16=3-2 et CISPR 11), lorsqu'il peut étre utilisé| soit
une $onde de tension a haute impédance“conforme au 5.2.1 du CISPR 16-1-2:2014, lofsque
le répeau fictif d'alimentation n'est pas~applicable. La méthode d'essai retenue doit figurer
dans|le rapport d'essai. Les dispositifs d'absorption de mode commun (CMAD) ne doivenf pas
étre (itilisés dans la configuration d'essai pour la mesure des émissions conduites.

NOTE| Un CMAD est un équipemént d'essai appliqué sur certains cables lors de la mesure des émigsions
rayonées pour une meilleure reproductibilité (voir 6.3.1.3.4).

Une sonde de tensioh a haute impédance sans réseau fictif d'alimentation doit étre ut|lisée
pour[la mesure in situ’' de la tension perturbatrice sur le secteur (voir 7.3.3 du CISPR 11:2015).
La méme régle peut s'appliquer si le courant d'entrée du PDS est supérieur a 100 A, ou[si la
tensipn d'entréeest supérieure ou égale a 500 V, ou si le PDS comprend un convertigsseur
commuté pacle réseau (voir A.4.1.2).

6.3.1.3 Emissions rayonnées

6.3.1.3.1 Type d'emplacement d'essai

Un équipement de la catégorie C1 ou de la catégorie C2 doit étre mesuré sur un
emplacement d'essai conforme aux exigences du CISPR 16-1-4. La distance de mesure doit
figurer dans le rapport d'essai.

Il convient qu'un équipement de catégorie C3 soit soumis a l'essai sur un emplacement
d'essai conforme aux exigences du CISPR 16-1-4. Cependant, lorsque cela est impossible
pour des raisons pratiques de poids, de taille ou de puissance, les essais peuvent étre
réalisés dans un emplacement qui ne répond pas entierement aux exigences concernant les
emplacements d'essai. L'utilisation de ces emplacements doit étre justifiee dans le rapport
d'essai.
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Pour les essais relatifs aux émissions rayonnées sur un emplacement d'essai, le CISPR 11
autorise les sites d'essai en espace libre (OATS) ou les chambres semi-anéchoiques (SAC).

NOTE Les conditions et les exigences d'essai pour la mesure des émissions rayonnées en chambre entiérement
anéchoique (FAR) sont a I'étude par le CISPR/B. Il est prévu qu'elles seront disponibles dans le CISPR 11.

6.3.1.3.2 Volume d'essai

La distance de mesure est prise entre le point de référence (PR) d'étalonnage de I'antenne et
les limites du volume d'essai de I'EUT (voir Figures 5 a 7).

4 du

Les Jimites du volume d'essai de I'EUT correspondent au cylindre imaginaife autoyr de
I'ensgémble de la configuration de I'EUT. Cette limite est représentée par I'élément "H" e la
Figude 5 et de la Figure 6. Le moteur et tous les cables doivent se trouver,a l'intériedir du
cylingire imaginaire, sauf si les cables en ressortent via un ou plusieurs CMAD. La hautepr du
cylinglre imaginaire est mesurée a partir du sol, que I'équipement de type EUT soit placg sur
une fable, monté au mur ou posé au sol.

L'EUT est considéré comme un petit matériel lorsque les limités;du volume d'essai de [EUT
sont [conformes a la définition en 3.1.5. La limite maximadle pour le petit matérie| est
reprgsentée par I'élément "K" des Figures 5 a 7. Il convient ‘que les dimensions du vglume
d'esgai soient mesurées avec une tolérance de £0,1 m.

L'utilisation de CMAD est recommandée, car ils contribuent a assurer la reproductibilite¢ des
résultats d'essai. Cependant, elle n'est pas . abligatoire. Les CMAD servent a dgfinir
I'impEdance en mode commun et les résonances dans la plage de fréquences au-dela de
30 MHz, améliorant ainsi la reproductibilité.

6.3.1.3.3 Choix de la distance de-mesure

Les [Paragraphes 6.4.1.3 et 6.4.2:4” définissent les limites d'émission pour les distgnces
d'esgqais de 10 m et 3 m.

Un pgetit matériel qui respecte les criteres de taille définis en 3.1.5 peut faire I'objet d'un gssai
a 10fm ou a 3 m. Un matériel qui ne respecte pas ces criteres de taille doit faire I'objet| d'un
essala 10 m.

Les g¢xigences particuliéres relatives a la configuration d'essai sont spécifiées en 6.3.1.3.4 a
6.3.113.6 pogdr~garantir une meilleure reproductibilité des mesures a 3 m. Quand| ces
exiggnces <sont également applicables pour les mesures a 10 m, elles améliorent la
reprdductibilité des mesures a cette distance.

6.3.1.3.4 Auxiliaires et périphériques

Lorsque des équipements auxiliaires ou périphériques ne font pas partie de I'EUT (voir EUT 2,
Figures 5 et 6), ils peuvent étre placés a l'extérieur du volume d'essai. Cependant, s'ils ne
peuvent pas étre exclus du volume d'essai maximal en raison de la longueur réduite des
cables d'interconnexion, ou pour d'autres raisons, ces équipements auxiliaires ou
périphériques sont placés sur la table d'essai ou sur la plaque isolante.

L'évaluation du rayonnement peut étre circonscrite aux seules sections de cable a l'intérieur
du volume d'essai, par exemple a l'aide de dispositifs d'absorption de mode commun (CMAD)
placés sur les cables au niveau de leur sortie du volume d'essai. Le CISPR 16-2-3 fournit des
préconisations supplémentaires sur I'utilisation de CMAD.
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6.3.1.3.5 Moteur

Pour les émissions rayonnées, des conditions a faible charge sont généralement acceptables
pour le fonctionnement du PDS (voir A.2.1 pour plus d'informations sur les conditions de
charge).

La puissance assignée du moteur utilisée au cours de I'essai d'émissions rayonnées peut étre
inférieure a la puissance assignée du CDM. Elle doit cependant étre suffisamment importante
pour permettre le fonctionnement correct de I'onduleur du CDM.

Le moteur peut étre placé a l'intérieur ou a l'extérieur du volume d'essai. Le cable de
I'intefface de puissance entre le CDM/BDM et le moteur doit étre exposé a I'antenne suf une
longyeur de 0,8 m au moins a l'intérieur du volume d'essai, sauf lorsque la longueur maxijmale
de cijble énoncée dans les instructions destinées a I'utilisateur est inférieure.

La pgsition du moteur et la disposition du cablage doivent figurer dans le rapport d'essai.

6.3.1(3.6 Disposition de la configuration des essais relatifs aux @missions
rayonnées

Des exemples de dispositions types pour les essais relatifs aux{.émissions rayonnées|sont
donngs de la Figure 5 a la Figure 7 ci-dessous.

Si un conducteur de mise a la terre spécial est utilisé (vair "C" de la Figure 7), sa longueur
doit ptre d'au moins 1 m, et il doit étre connecté comme indiqué dans la documentation
utilisateur.

NOTE|1 Un deuxiéme conducteur de mise a la terre de*protection est un exemple de conducteur de misge a la
terre gpécial; il peut étre utilisé pour assurer la conformité;au 4.3.5.5.2 de I'lEC 61800-5-1:2007.

Lorsque le moteur est éloigné du plateau tournant, le cable du moteur peut traverser le
plangher de ce plateau (voir ligne en.(ointillés "A" de la Figure 7). Lorsque le motear est

proche du plateau tournant (voir "F" & la Figure 7) et qu'il 'empéche de tourner, il convient
d'acdorder une attention particuliere a la réalisation des mesures d'émissions rayonnées
comme en condition in situ (voir-A=4.2).

L'utilisation d'un AMN pour les essais relatifs aux émissions rayonnées est recommandée,
mais|pas obligatoire.

Il copvient que les_éQuipements auxiliaires et périphériques qui ne font pas partie de EUT
soier|t placés anl'extérieur du volume d'essai. Toutefois, si les cables de raccordement gntre
eux ¢t 'EUThe peuvent pas étre allongés suffisamment pour sortir du volume d'essai} ces
auxillaires<etspériphériques peuvent étre placés a l'intérieur du volume d'essai (voir Figure 5
et Figl;ure 6) ou sur la table tournante (voir Figure 7).

Il convient que I'espacement entre toutes les enveloppes (de I'EUT, des périphériques, etc.)
soit 2 0,1 m. Cette distance est représentée par I'élément "D" dans les Figures 5 a 7.

Pour les cas dans lesquels le cable d'interconnexion est trop long, I'élément "B" des Figures 5
a 7 représente un cable enroulé, comme exigé par en 7.5.2 du CISPR 11:2015. L'excédent de
cable est enroulé entre 0,3 m et 0,4 m au milieu de la longueur du cable.

NOTE 2 Le point de référence de I'étalonnage de I'antenne est pris en considération pour déterminer la distance
de mesure. |l est représenté par I'élément "RP" des Figures 5 a 7.
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Légerjde

B L'gxcédent de cable est enroulé entre 0,3 m et 0,4 m au milieu de Ja‘tongueur du cable.

C Cdgnnexion spéciale de mise a la terre, si la documentation utilisateur en spécifie une.

D Il gonvient que I'espacement entre les enveloppes soit = Q)1 m.

E Le|périphérique ou le dispositif auxiliaire se trouve dans*le volume d'essai seulement si les cables ne pg
pap étre allongés suffisamment pour qu'il soit placé aAdiextérieur du volume d'essai.

F Mgqteur

H Vdlume d'essai. Il s'agit de la limite du cylindre imaginaire qui englobe la configuration compléete de
(pdrties BDM/CDM du PDS).
Taple d'essai en matériau isolant, d'uné hauteur de 0,8 m + 0,01 m au-dessus du plan du sol.

K Lirpite du volume d'essai maximal pour les petits matériels définis en 3.1.5.
Distance de mesure. Cette distance est mesurée entre le volume d'essai H et le point de référen
d'gtalonnage de I'antenne.

RP Pdint de référence d'étalohnage de I'antenne

Antenne

Figure 5 —Exemple de disposition type du cablage pour les mesures
aune distance de séparation de 3 m pour un équipement placé
sur une table ou @ montage mural — vue du dessus
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CMAD placé(s) a I'endroit ou les cébles sortent du volume d'essai

de
nnexion spéciale de mise a la terre, si la documentation utilisateur en‘spécifie une.
onvient que I'espacement entre les enveloppes soit 2 0,1 m.

périphérique ou le dispositif auxiliaire se trouve dans le velume d'essai seulement si les cables ne pg

5 étre allongés suffisamment pour qu'il soit placé a I'extérieur”du volume d'essai.

teur

lume d'essai. Il s'agit de la limite du cylindre imaginaire qui englobe la configuration compléte de
rties BDM/CDM du PDS).

ble d'essai en matériau isolant, d'une hauteur.de 0,8 m £ 0,01 m au-dessus du plan du sol.
hite du volume d'essai maximal pour les petits matériels définis en 3.1.5.

ttance de mesure. Cette distance,€st mesurée entre le volume d'essai H et le point de référen
talonnage de I'antenne.

int de référence d'étalonnage.de f'antenne
Figure 6 — Exemple de disposition type du cablage pour les mesures

a une distance de séparation de 3 m pour un équipement placé
sur une table ou a montage mural — vue latérale
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A La| ligne en pointillés représente le trajet du cable du moteur lorsquevle moteur est placé loin de lg table
todrnante.
B L'gxcédent de cable est enroulé entre 0,3 m et 0,4 m au milieu de’la longueur du cable.
C Cdnnexion spéciale de mise a la terre, si la documentation utilisateur en spécifie une.
D Il ¢gonvient que I'espacement entre les enveloppes soit =2 @3 m.
E Le|périphérique ou le dispositif auxiliaire se trouve dans le volume d'essai seulement si les cables ne pguvent
pap étre allongés suffisamment pour qu'il soit placé at'extérieur du volume d'essai.
F Mgqteur
K Lirite du volume d'essai maximal pour les petits matériels définis en 3.1.5.
Distance de mesure. Cette distance,ést mesurée entre le volume d'essai et le point de référencqg (RP)
d'dgtalonnage de I'antenne.
RP Pqint de référence d'étalonnage.de l'antenne
Figure 7 — Exemple de‘configuration type d'essai pour la mesure des perturbatiops
conduites'et/ou rayonnées par un PDS placé au sol, vue 3D
6.3.2 Exigences.concernant les connexions
Si le| PDS estymesuré sur un emplacement d'essai, la configuration d'essai, notammgnt la
longyeur etla position des cables de puissance et de commande, doit étre représentative de
la oul des.applications prévues définies par le constructeur et décrites dans la documentation
destipégéa I'utilisateur (voir 4.3). La configuration d'essai doit figurer dans le rapport d'essai.

Si le PDS est mesuré in situ, la disposition du cable et de la mise a la terre correspondront a

celle

6.4
6.4.1
6.4.1

de l'application.

Limites de base des émissions hautes fréquences
Equipements de catégorie C1 et C2

A Tension perturbatrice au niveau des accés de puissance

Les limites de la tension perturbatrice sur les bornes réseau (accés de puissance) sont
indiquées au Tableau 16.
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Tableau 16 — Limites de la tension perturbatrice sur les bornes réseau
dans la bande de fréquences comprise entre 150 kHz et 30 MHz

Catégorie C1 Catégorie C2
Bande de fréquences Quasi-créte Moyenne Quasi-créte Moyenne
MHz dB(uV) dB(uV) dB(uV) dB(uV)
0,15 <f< 0,50 66 56 79 66
Décroit avec le logarithme de | Décroit avec le logarithme de
la fréquence jusqu'a 56 la fréquence jusqu'a 46
0,5<7<5,0 56 46 73 60

5,0 < f<30,0 60 50 73 60
Lorsqu'un PDS ne respecte pas les limites de la catégorie C1, les instructions d'utilisfation
doivgnt contenir I'avertissement suivant:
Avertissement
Danpg un environnement résidentiel, ce produit peut provoquet- des interférences rgdio,
auquiel cas des mesures d'atténuation supplémentaires peuvent étre exigées.
NOTE| Le filtrage de mode commun en haute fréquence introddit des chemins d'écoulements a la terfe par

coupld

la terje au travers d'une haute impédance ("schéma IT" défini/en 312.2.3 de I'lEC 60364-1:2015), ces ch

ge capacitif. Dans le cas d'un systéme d'alimentation aveceutre isolé de la terre ou avec neutre raccprdé a

emins

d'écoylements par couplage capacitif peuvent étre dangereux(voir D.2.2).

Pour|la plage de fréquence entre 9 kHz et 150.kHz, aucune limite n'est spécifiée.

NOTE|1 Le sous-comité 77A de I'lEC travaille actuellement sur les niveaux de compatibilité dans cette plgge de
fréqugnce.

NOTE|2 Jusqu'a la spécification de limites_dans cette plage de fréquence, des recommandations de concption
pour Igs valeurs d'émission des PDS et.\des CDM peuvent étre consultées dans I'lEC TS 62578:2015, Annexe|B.
6.4.1.2 Accés de mesure et de commande de processus

S'il et prévu de relier uniacces de mesure et de commande de processus a un bus de tgrrain,
cet dcces doit étre conforme aux exigences d'émission conduite de la norme applicable au
bus de terrain en guestion.

S'il gst prévu~de relier un accés de mesure et de commande de processus a un résegu de
télécpmmunication public, alors cet accés doit étre considéré comme un accé$ de
communication. Les exigences d'émissions conduites du CISPR 32, classe B, s'appliquéent a
cet apegs.

6.4.1.3 Rayonnement — Accés enveloppe

Les limites de la perturbation par rayonnement électromagnétique (accés enveloppe, voir
définition en 3.3.4 et Figure 2) sont indiquées au Tableau 17.
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Tableau 17 — Limites de la perturbation par rayonnement électromagnétique
dans la bande de fréquences comprise entre 30 MHz et 1 000 MHz
Composante de I'amplitude du champ électrique
Quasi-créte
dB (uV/m)
Distance de mesure de 10 m ? Distance de mesure de 3 m ?
Bande de fréquences Catégorie C1 Catégorie C2 Catégorie C1 Catégorie C2
MHz
30 <f<230 30 40 40 50
230 < <1000 37 47 47 57
2 (oncernant le choix de la distance de mesure, voir 6.3.1.3.3.

La distance de mesure doit figurer dans le rapport d'essai.

Lorsqu'un PDS ne respecte pas les limites de la catégorie C1, lestinstructions d'utilisfation

doivgnt contenir I'avertissement suivant:

Avertissement

Dang un environnement résidentiel, ce produit peut_provoquer des interférences ra
auquiel cas des mesures d'atténuation supplémentajres) peuvent étre exigées.

dio,

6.4.

Pou
étre

a)

b)

1.4 Emissions de l'interface de puissance

rlun PDS destiné a fonctionner danstle premier environnement, la limite d'émissior
bbtenue au moyen de I'une des options suivantes.

I| n'est pas nécessaire de procéder a des mesures sur l'interface de puissance
gngueur du cable correspondant est inférieure a 2 m, ou si un cable blindé est utilis
indage doit alors étre derbonne qualité en haute fréquence, étre continu tout le lor
Bble et étre au moins raccordé sur 360° aux extrémités sur le CDM et sur le moteur.

es émissions doivent étre vérifiées par mesure de la tension perturbatrice sur l'inte
e puissance du"BBM a l'aide de la sonde de tension a haute impédance décrite au

uand les‘mesures d'atténuation employées ne permettent pas une vérification sel
pint b)«(par exemple pour des méthodes d'atténuation en mode commun), I'efficaci
es methodes d'atténuation doit étre vérifiée en réalisant un couplage entre le

doit

si la
£. Le
g du

rface
5.2.1
iquer.

bn le
é de
cable

alimentation puissance et le cable moteur pendant la mesure de la tension perturb

b

c

L

d

du CISPR 16-4-272014. Les limites données au Tableau 18 ci-dessous doivent s'appl
@

P

c

d

s

trice

1irNa baorne d'entrée plliqqanm: conformément 3 6411 Ce r‘mlplagp daoit étre réalisé le

long du céble, sur la longueur de 1 m séparant I'EUT et I'AMN, en plagant en paralléle le
cable d'alimentation puissance et le cable moteur avec une séparation n'excédant pas

0,10 m et sur une longueur d'au moins 0,60 m.
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Tableau 18 — Limites de la tension perturbatrice sur I'interface de puissance

. Mesures effectuées avec le courant assigné de sortie
Bande de fréquences
Quasi-créte Moyenne
MHz dB(pV) dB(nV)
0,15 < f < 05 80 70
0,50 < f < 30 74 64

NOTE Les limites ci-dessus sont dérivées du CISPR 14-1.

6.4.2 Equipement de catégorie C3
6.4.2.1 Exigence d'information

Si url PDS ne respecte pas les limites des catégories C1 ou C2, les instruetions d'utilisfation
doivgnt comporter un avertissement indiquant que

°
(@]

e type de PDS n'est pas prévu pour étre utilisé sur un réseau public basse tensioh qui
limente des locaux résidentiels, et

Q

Litilisation de ce type de réseau peut entrainer un risque d'interférences aux fréqugnces
radio.

Le canstructeur doit fournir un guide d'installation et d'utilisation indiquant les appareillages a
utiliser pour atténuer ces phénoménes.

6.4.2,.2 Tension perturbatrice au niveau des*accés de puissance

Les limites de la tension perturbatrice sur les’bornes réseau (accés de puissance) des|PDS
sont jndiquées au Tableau 19. Les mémes limites s'appliquent aux accés de puissance hasse
tensipn des PDS de tension assignée supérieure a 1 000 V.

Tableau 19 — Limites de 13 tension perturbatrice sur les bornes réseau
dans la bande de fréquencesicomprise entre 150 kHz et 30 MHz pour un PDS dang le
deuxiéme-environnement — PDS de catégorie C3

Taijle du PDS ? Bande.de-fréquences Quasi-créte Moyenne
MHz dB(pV) dB(pV)
0,15</<0,50 100 90
0,5<f<5,0 86 76
/<100 A 5,0 < f< 30,0 90 80
Décroit avec le logarithme de Décroit avec le logarithme de
la fréquence jusqu'a 73 la fréquence jusqu'a 6
o 4L Ve oWl ~aY 120 120
T =) \>SEA% OO T
100 A<17 0,56<f<5,0 125 115
5,0</<30,0 115 105

Ces limites ne s'appliquent pas aux acces de puissance qui fonctionnent au-dessus de 1 000 V.

a8 La taille du PDS fait référence au courant assigné (/) de l'accés.

Voir aussi Article D.2.

Concernant les PDS au-dessus de 100 A sans transformateur dédié, pour éviter tout risque
de diaphonie avec les cables de signal, les instructions d'installation doivent recommander de
séparer le cable de l'interface de puissance des cables de signal, ou bien proposer d'autres
méthodes d'atténuation.



https://iecnorm.com/api/?name=1ff496cc57ab0b3880168d0b6b764c3b

IEC 61800-3:2017 © IEC 2017 -173 -

Pour la plage de fréquence entre 9 kHz et 150 kHz, aucune limite n'est spécifiée.

NOTE 1 Le sous-comité 77A de I'lEC travaille actuellement sur les niveaux de compatibilité dans cette plage de
fréquence.

NOTE 2 Jusqu'a la spécification de limites dans cette plage de fréquence, des recommandations de conception
pour les valeurs d'émission des PDS et des CDM peuvent étre consultées dans I'lEC TS 62578:2015, Annexe B.

6.4.2.3 Accés de mesure et de commande de processus

S'il est prévu de relier un acces de mesure et de commande de processus a un bus de terrain,
cet acces doit étre conforme aux exigences d'émission conduite de la norme applicable au

bus geterraimen—trestion:

S'il gst prévu de relier un accés de mesure et de commande de processus a unirésegu de
téelécpmmunication public, alors cet accés doit étre considéré comme un accés de
communication. Les exigences d'émission conduite du CISPR 22, classe A, stappliquent a cet
accés.

6.4.2.4 Rayonnement — Accés enveloppe

Les |imites de la perturbation par rayonnement électromagnétique (accés enveloppe/| voir
définjtion en 3.3.4 et Figure 2) des PDS sont indiquées au Tabléau 20.

Tableau 20 — Limites de perturbation par rayonnement électromagnétique
dans la bande de fréquences comprise efitre 30 MHz et 1 000 MHz
pour un PDS dans le deuxiéme environnément — PDS de catégorie C3

Composante de I'amplitude du champ électrique
Quasi-créte
dB (uV/m)
Bande de fréquences Distance.de mesure de 10 m 2 Distance de mesure de 3 m @
MHz
30 < <230 50 60
230 < <1000 60 70
NOTE Dans la prochaine édition.de I'lEC 61800-3, I'objectif consistera a harmoniser les valeurs de ce taljleau
aveclle CISPR 11.

2 (oncernant le choix de la"distance de mesure, voir 6.3.1.3.3.

La distance de\mesure doit figurer dans le rapport d'essai.

6.4.2.5 Interface de puissance

Pour un PDS destiné a fonctionner dans e deuxiéme environnement, les instructions
d'installation et d'utilisation doivent contenir toutes les informations nécessaires a l'installation
de l'interface de puissance comme exigé en 4.3.

6.5 Reégles d'ingénierie
6.5.1 PDS de catégorie C4

Pour les PDS de catégorie C4, la procédure suivante doit étre utilisée.

Conditions générales
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Pour des raisons techniques, il existe des applications pour lesquelles il est impossible pour
le PDS de respecter les limites du Tableau 19 et du Tableau 20. Ces applications répondent a
des valeurs assignées importantes ou a des exigences techniques particuliéres:

e tension supérieure a 1 000 V;

e courant supérieur a 400 A;

e réseau isolé de la terre ou connecté a la terre par une forte impédance ("schéma IT" défini
en 312.2.3 de I'l'EC 60364-1:2005);

e lorsque les performances dynamiques demandées seront limitées en raison du filtrage.

Pour[Tappfication des equipements de categorie C4, I'utifisateur et e constructeur dgivent
convenir d'un plan de CEM pour respecter les exigences de CEM de l'application prévue|(voir
Annexe E). Dans ce cas, l'utilisateur définit les caractéristiques de CEM de I'environhement, y
comgpris la totalité de I'installation et le voisinage (voir Figure 8). Le constructedr doit fqurnir
des [informations sur les niveaux typiques d'émission du PDS a installer. En| cas
d'intdrférences, les exigences et la procédure énoncées en 6.5.2 doivent étré|appliquées,

NOTE| Exemples de mesures d'atténuation couramment utilisées et extraites du ptan.de CEM: filtrage g¢lobal,
transfprmateur spécial dédié, séparation des cables.

Filtrage dans les systémes d'alimentation IT

L'utillsation de PDS filtrés sur un réseau industriel de distribution, isolé de la terre ou relig par
une |haute impédance, peut poser un probléme de_ sécurité si les PDS n'ont pag été
corrgctement congus pour les applications de ce type~Dans le cas des réseaux avec régime
IT destinés aux systemes industriels complexesJadcune limite ne peut étre fixée. Les
solutlons doivent étre basées sur la connaissance du systéme et, a ce titre, ne peuven{ étre
normialisées. Les principales considérations partent sur les conditions de défaut et sjur le
courant de fuite des filtres.

a) (ourt-circuit a la terre du cé6té du moteur du PDS. Si le PDS peut continuer a fonctignner
dans cette condition; de hauts nivéaux de courant haute fréquence traverseront les
cpndensateurs de filtrage. Celapeut les endommager. Un court-circuit a la terre du|c6té
du moteur du PDS peut provoguer I'application d'une tension de mode commun sUr les
autres équipements du voisinage.

b) Détection d'un défaut par le contréleur d'isolement (CPI) conforme a I'lEC 61557-8, en
raison d'une augmentation de la capacité a la terre, qui peut entrainer un arréf non
spuhaité du processus.

Les golutions repasent sur une analyse au cas par cas.

6.5.2 Limites situées en dehors de celles d'une installation, pour un PDS de
catégorie C4 — Exemple de propagation des perturbations

6.5.2.1 Généralités

Pour les PDS installés dans le deuxiéme environnement, l'utilisateur doit s'assurer que des
perturbations excessives ne sont pas induites au voisinage dans les réseaux basse tension,
méme si la propagation traverse un réseau moyenne tension.

En cas de plaintes concernant des interférences affectant un réseau basse tension avoisinant,
ou en cas de litige entre l'utilisateur d'un PDS (par exemple dans l'installation 2 — voir
Figure 8), et une victime sur un autre réseau (par exemple dans l'installation 1), il doit tout
d'abord étre clairement établi que les perturbations provoquées sur I'équipement de la victime
(dans l'installation 1) ont lieu durant le fonctionnement du PDS présumé émetteur
(installation 2).
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