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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 2-3: Specific test methods for determining losses
and efficiency of converter-fed AC induction motors

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp isiny
all national electrotechnical committees (IEC National Committees). The object of IEC is _to | ronote
international co-operation on all questions concerning standardization in the electrical and ele tron.> fie us. To
this end and in addition to other activities, IEC publishes International Standards, Technicai ~oeci..cations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred o as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National C. mmittee interested
in the subject dealt with may participate in this preparatory work. International, gieri mental and non-
governmental organizations liaising with the IEC also participate in this preparation.” =C cu. aborates closely
with the International Organization for Standardization (ISO) in accordance witt con ‘'ition determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as ne rly a; possible, an international
consensus of opinion on the relevant subjects since each technical committe. “lias representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international L 2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made .0 ensu.e that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for. th.. wey in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC Nation=i~Co. mittees undertake to apply IEC Publications
transparently to the maximum extent possible in their' naticnal and regional publications. Any divergence
between any IEC Publication and the corresponding nation.' 2. regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of ~on.ormi.. Independent certification bodies provide conformity
assessment services and, in some areas, accexs t. |[EC marks of conformity. IEC is not responsible for any
services carried out by independent certificatio.. Ladies.

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

No liability shall attach to IEC or ite dii >ctors, employees, servants or agents including individual experts and
members of its technical committees and .EC National Committees for any personal injury, property damage or
other damage of any nature whaw~ecver, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the puulication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the 1 ormative references cited in this publication. Use of the referenced publications is
indispensable for the/cor. 2ct application of this publication.

Attention is drawn to “e/possibility that some of the elements of this IEC Publication may be the subject of
patent rights. |=C shall 1. >t be held responsible for identifying any or all such patent rights.

The main «tas.: of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specificc tion when

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

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

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

IEC/TS 60034-2-3, which is a technical specification, has been prepared by IEC technical
committee 2: Rotating machinery.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
2/1696/DTS 2/1719/RVC

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

NOTE A table of cross-references of all IEC TC 2 publications can be found on the IEC TC 2 dashboard on the
IEC website.

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

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch’ in »2 data
related to the specific publication. At this date, the publication will be

e transformed into an International standard,

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the covel page of this publication indicates
that it contains colours which are consil'er:d to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

The objective of this technical specification is to define test methods for determining the
additional harmonic motor losses of converter-fed induction motors. These losses appear in
addition to the losses on nominally sinusoidal power supply as determined by the methods of
IEC 60034-2-1. Results determined according to this specification are intended to allow for
comparison of the harmonic losses of different AC induction motors when fed by converters.

In power-drive systems (PDS), the motor and the frequency converter are often manufactured
by different suppliers. While motors of the same design are produced in large quantities, they
may be operated from the grid or from frequency converters of many different types, suppliea
by many different manufacturers. The individual converter properties (switching frequency, DC
link voltage level, etc.) may influence the system efficiency as well. It is impractizal *o
determine the additional harmonic motor losses for every combination of motor, frcauency
converter, connection cable, output filter and parameter settings. Acceptirg “‘hat it is
extremely difficult to specify motor efficiency for converter operation, this ‘Cnec.fcation
describes a limited number of approaches, depending on the voltage level and the rating of
the machine under test.

The procedures described in this specification result in a single numi.=r, he “iarmonic loss
ratio ., which is the ratio of the additional harmonic motor lessec ara the motor losses
measured using a nominally sinusoidal voltage power supply.

The losses determined according to this specification are not ‘niz2~ded to represent the losses
in the final application. They provide, however, an objecuve Hasis for comparing different
motor designs with respect to suitability for converter operctio!..

The methods in this technical specification appiy to ‘nduction motors used with variable
frequency drives. However, the application to othe~ A2 motors or DC motors and converters,
is not excluded. The methods are mainly intended for motors fed by voltage source
converters.

In general, when fed from a converter, the :1otor losses are higher than during operation on a
nominally sinusoidal system. Th¢ acidonal harmonic losses depend on the spectrum of the
impressed converter output quanutv (either current or voltage) which is influenced by its
circuitry and control method. For \urthier information see IEC/TS 60034-25.

This technical specificatio.” is aimed at evaluating the additional harmonic motor losses
resulting from non-sinus~idal power supply and consequently the efficiency of the converter-
fed motor. It is not tlie rurpose of this technical specification to define test procedures either
for power drive syste ms or for frequency converters alone.

This technica spccification is applicable to motors rated for 50 Hz or 60 Hz fundamental
frequency. 'owa2ver, for other rated motor frequencies the test procedure may be applied
provided a suiiable power source is available, e.g. a 4-pole motor used at 3 000 rpm can be
tested wth 100 Hz and actual voltage rating.

Lcew-voltage motors

Experience has shown that the additional harmonic motor losses generally increase with load.
The methods in this technical specification are based on supplies from converters with pulse
width modulation (PWM) and constant pulse pattern. This is generally the case for voltage
source converters except for over-modulation. Such voltage source converters have by far the
largest market share in the low-voltage industrial drive market.

With respect to these types of converters and the growing need for verification of compliance
with national energy efficiency regulations, this technical specification introduces a so-called
test converter for testing low voltage motors.
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In principle, the test converter is a voltage source with a clearly defined and reproducible
harmonic content to supply the machine under test. The motor efficiency is to be determined
at rated load for 50 Hz or 60 Hz. Defining 50 Hz or 60 Hz as test conditions has the
advantage of providing a direct comparison of motor efficiency for grid and converter
operation.

The above outlined test converter concept is a new approach to weigh the converter impact
on an electrical machine without being forced having the final converter for testing. By
releasing this technical specification, test facilities are invited to gain practical experience with
this approach and to provide feedback for further refinement of the test procedure.

Limitations for low-voltage motors and high-voltage motors with multi-level converi=rs

It has to be noted that the test method described herein is only a standardized .me‘thou
intended to give comparable efficiency figures for standardized test conditions. A motor
ranking with respect to suitability for converter operation may be derived, but it is 10t hossible
to determine the actual motor losses for operation with a specific converter wi.ich would
require a test of the whole power drive system (PDS).

Deviations are also expected for motors driven by multi-level voltage scurcc or current source
converters where the additional harmonic motor losses differ much rare depending on speed
and load than for two-level voltage source converters. Hence the c teriiination of losses and
efficiency should preferably use procedures where the motor is op.rated together with the
same converter with which it is driven in service.

Another option is the determination of the additional ‘iarr;onic: motor losses by calculation. If
this is requested by the customer, the converter mai.:ifacture: has to provide the pulse pattern
for the motor manufacturer.
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ROTATING ELECTRICAL MACHINES -

Part 2-3: Specific test methods for determining losses
and efficiency of converter-fed AC induction motors

1 Scope

This technical specification specifies test methods for determining losses and efficiencias of
converter-fed AC induction motors within the scope of IEC 60034-1. The AC inductiori mo ar
is then part of a variable frequency power drive system (PDS) as defined in IEC €18L7-Z,
IEC 61800-4 or IEC/TS 61800-8.

The additional harmonic losses determined by use of this technical specificatio.i are for
comparison of different motor designs, but they are not appropriate to be used for efficiency
determination of a PDS in a driven application with its wide range of torque versus speed
operating points.

2 Normative references

The following documents, in whole or in part, are normativziy referenced in this document and
are indispensable for its application. For dated refereace.. or'ly the edition cited applies. For
undated references, the Ilatest edition of the rel=reiiced document (including any
amendments) applies.

IEC 60034-1, Rotating electrical machines — Part 1. i~ating and performance

IEC 60034-2-1:2007, Rotating electrica; “n.achines - Part 2-1: Standard methods for
determining losses and efficiency from tects (excluding machines for traction vehicles)

IEC 60034-2-2, Rotating electricai machines — Part 2-2: Specific methods for determining
separate losses of large machine. from test — Supplement to IEC 60034-2-1

IEC 61000-2-4, Electromag - eti: compatibility (EMC) — Part 2-4: Environment — Compatibility
levels in industrial plants for low-frequency conducted disturbances

IEC/TS 61800-8, Adj.:clable speed electrical power drive systems — Part 8: Specification of
voltage on the cawer in.arface

3 Terms a.:d definitions

For *he purposes of this document the terms and definitions given in IEC 60034-1, IEC 60034-
z-1 as weil as the following apply.

3.1

motor losses with converter supply

when powered by a converter, motor losses are a combination of losses caused by
fundamental frequency (usually 50 Hz or 60 Hz) and losses caused by the converter
harmonics
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