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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 25: Guide for the design and performance of cage induction motors
specifically designed for converter supply

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s } at|on comprising
all national electrotechnical committees (IEC National Committees). The obj
international co-operation on all questions concerning standardization in the electf| electronic fields. To
this end and in addition to other activities, IEC publishes International Stangarg i ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d ‘[EC
Publication(s)”). Their preparation is entrusted to technical committees; a nittee interested
in the subject dealt with may participate in this preparatory work. i g 3
governmental organizations liaising with the IEC also participate in ikj . |E aborates closely
with the International Organization for Standardization (ISO) in &ccorda W
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte S possible, an international
consensus of opinion on the relevant subjects since eac i mmittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recom e and are accepted by IEC National
Committees in that sense. While all reasépabl ufe”that the technical content of IEC

Publications is accurate, IEC cannot be held rS|bIe for t e way Jn which they are used or for any
misinterpretation by any end user.

7) No liability shall attdac s dires mployees, servants or agents including individual experts and
members of its techpd S NI E ational Committees for any personal injury, property damage or
other damage of Any whether direct or indirect, or for costs (including legal fees) and
expenses arising\out\of\the puybli t|on use of, or reliance upon, this IEC Publication or any other IEC

9) AttentionN M ta ssibility that some of the elements of this IEC Publication may be the subject of
~JEC'shaN not™e held responsible for identifying any or all such patent rights.

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

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

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

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

IEC 60034-25, 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

2/1271/DTR

2/1288/RVC

TS 60034-25 [0 IEC:2004(E)

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above table.

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

The committee has decided that the contents of this publication will re

2007. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
*+ amended.

A bilingual edition of this Technical Specification ma

O

Full document details: IEC TS 60034-25 2004
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INTRODUCTION

This introduction is intended to explain the aim of this part of IEC 60034.
Motor categories

There are 2 categories of cage induction motors, which can be applied in variable speed
electric drive systems.

« Standard cage induction motors, designed for general purpose application. The design
and performance of these motors are optimized for operation on a fixed-frequency
sinusoidal supply. Nevertheless they are generally also appropriate use in variable
speed drive systems.

Guidance on this field of application is given in IEC 60034-17.

self-protection functio
general by IEC 6@
NOTE Figure 1 of IE 80
The motor itself ahd\ad
are covered bythe\lE

“ y
\QOW supply
System Standard

Power Drive

System (PDS) IEC 61800-2

IEC 61800

(all parts) - rating specification and performance of the complete]

PDS —not for individual subsystem units
Power
5 conversion _H_ - converter characteristics and their relationship with
= the PDS
o 1EC 60146 | < N control
EJ (all parts) t t" - application guideline (control strategies, diagnostics
2] protection topologies)
£ | and‘ o
. ‘_::> ] auxiliaries
(]
E Motor Guides for converter supplied
o B .
£ IEC 60034 cage induction motors
& (all parts) IEC 60034-17 general purpose motors
IEC 60034-25 motors specifically designed for
\\ | | converter operation

Driven equipment

IEC 445/04

Figure 1 — Component parts of a PDS Documents
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ROTATING ELECTRICAL MACHINES -

Part 25: Guide for the design and performance of cage induction motors
specifically designed for converter supply

1 Scope

This part of IEC 60034 describes the design features and performance_characteristics of
polyphase cage induction motors specifically designed for use on voltage soyrce converter
supplies up to 1 000 V. It also specifies the interface parameters and i
motor and the converter including installation guidance as part of a pow

NOTE 3 Where a converter manufacturer provides specific ins ecommendatiQis,

precedence over the recommendations of this technical report.

they should take

IEC 60034-2:1972, Ro
efficiency of rot
Amendment 1 (19

Amendment 2 (1994)

machines with shs
vibration severity

eights 56 mm and higher — Measurement, evaluation and limits of

IEC 60034-17, Rotating electrical machines — Part 17: Cage induction motors when fed from
converters — Application guide

IEC 61800-2, Adjustable speed electrical power drive systems — Part 2: General requirements
— Rating specifications for low voltage adjustable frequency a.c. power drive systems

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

IEC 61800-5-1, Adjustable speed electrical power drive systems - Part 5-1: Safety
requirements — Electrical, thermal and energy
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3 Terms and definitions

For the purposes of this part of IEC 60034, the following terms and definitions apply.

3.1
bonding
electrical connection of metallic parts of an installation together and to ground (earth)

NOTE For the purposes of this part of IEC 60034, this definition combines elements of IEV 195-01-10
(equipotential bonding) and IEV 195-01-16 (functional equipotential bonding).

3.2

converter
operating unit for electronic power conversion, changing one or more el i sharacteristics
and comprising one or more electronic switching devices and associg
as transformers, filters, commutation aids, controls, protections and

[IEC 61800-2, 2.2.1]

3.3

EMC (electromagnetic compatibility)

ability of an equipment or system to function sa
without introducing intolerable electroptagneti

i)y ifNits electromagnetic environment
ban @ ing in that environment

[IEV 161-01-07]

3.4
field weakening
motor operating mode whexe i e flux corresponding to the motor rating

3.5
peak rise time { >
time interval betw points of the zero to peak voltage (see Figure 14)

of switching “sqnfrol \- onh/off for example —, voltage, frequency, or current control, firing
system, protection atus monitoring, communication, tests, diagnostics, process interface/
port, etc.)

3.7

protective earthing

PE

earthing a point or points in a system or in an installation or in equipment for the purposes of
electrical safety

[IEV 195-01-11]

3.8
skip band
small band of operating frequencies where steady-state operation of the PDS is inhibited
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3.9

surface transfer impedance

quotient of the voltage induced in the centre conductor of a coaxial line per unit length by the
current on the external surface of the coaxial line

[IEV 161-04-15]

4 System characteristics

4.1 General

Although the steps in specifying motor and converter features are similar fo
the final selections are greatly influenced by the type of application. |
steps are described and the effects of various application load types are o

any application,
lause, these

4.2 System information

at may not be met with the motor and converter

drive system compQnents
. Adescrlptlo [
only (for exanmpte: e monitoring, ability to bypass the converter if

4.3 Torque

4.3.1 General

The typical torque/speed characteristics of converter-fed cage induction motors, the
significant influencing factors and their consequences are shown in Figure 2, Figure 3 and
Figure 4. Depending on the performance requirements of the power drive systems, different
motor designs are possible for an adaptation of the individual limiting values.

NOTE Figure 2 to Figure 4 do not show the possible skip bands (see 4.3.5).
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4.3.2 Torque/speed capability

Figure 2 shows the torque/speed capability of converter-fed cage induction motors. The
maximum available torque is limited by the rating of the motor and by the current limitation of
the converter. Above the field-weakening frequency £, and speed ny the motor can operate
with constant power with a torque proportional to 1/n. If the minimum breakdown torque
(which is proportional to 1/n2) is reached, the power has to be further reduced proportional to
1/n, resulting in torque proportional to 1/n2 (extended range). The maximum speed Nmax 1S
limited by the mechanical strength and stability of the rotor, by the speed capability of the
bearing system, and by other mechanical parameters.

—— e e

Nmax
IEC 446/04

Cx — separate cooling

Cs — self-cooling

Tc : Pc i Ex
> i< > —>

T T i

A

f&) f fmax

IEC 447/04
Figure 3 — Converter output current
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4.3.3 Voltage/speed characteristics

The converter output voltage (V) can be varied with speed in several ways, as shown in

Figure 4.
V max re —
e _—‘——_—
s a===mTT
/== -
A -
- e C
, .
e
, .
> P .
/ ’
// 2
V2 ’
D 4 7’
// e
/7 e
.// . B
— .
204
/‘/
./
fO fmax
IEC 448/04
Key

A The voltage increases with speed, and the
weakening frequency fg.

output voltage V.4 is achieved above fj.
stant torque), but the available torque is

output voltage Vi
range.

D A voltage boos

In all of these cases, t
requirements of the lgad

4.3.4

The significant fas hich influence the torque/speed capability are shown in Table 1.

Table 1 — Significant factors affecting torque/speed capability

Condition

Motor

Converter and motor

Breakaway

Maximum flux capability

Maximum current

Constant flux

Cooling (I?2R losses due to current variations)

Maximum current

Field weakening
(reduced flux)

Maximum speed (mechanical strength and stability)

Maximum torque (breakdown torque)

Maximum voltage

Dynamic response

Equivalent circuit parameters (determined by modelling)

Control capability
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4.3.5 Resonant speed bands

The speed range of a converter-fed motor may include speeds that can excite resonances in
parts of the motor stator, in the motor/load shaft system or in the driven equipment.
Depending on the converter, it may be possible to skip the resonant frequencies. However,
even when resonant frequencies are skipped, the load will be accelerated through that speed
if the motor is set to run at any speed above this resonant speed. Decreasing the acceleration
time can help minimize the time spent in resonance.

4.3.6 Duty cycles
4.3.6.1 General

Duty cycle applications are those in which transitions between speeds Q|
(see IEC 60034-1). Several aspects of this type of application afféct the
converter.

« Motor heat dissipation is variable, depending on rotation sp

« Torque demands above motor full-load torque may be reQuired. § ion abtve motor full
load may be required to accelerate, handle peak loads A\ 9 clerate the load.

higher thermal class of insulation, a motor rated for gvaluation of the duty
cycle to determine if the motor has enough application (see IEC 60034-1,
Duty type S10).

« DC injection, dynamic, or regenexative_k g be required to reduce the motor
speed. Regardless of whether the i S g-terque to drive the application,
generating power back to the conterter due 8_motor being driven by the load, or
supplying braking torque durmg pplying DC current to the windings
motor heating takes pldce appro gportignally to the square of the current while
applied. This heating™sho 3 g duty cycle analysis. Furthermore, the
transient torques img ' kKing should be controlled to a level that will

not cause damage.

NOTE IEC 61800-6 p d b ‘ nd current determination for the entire PDS.

4.3.6.2 High i

High impact{loads_¥ S gl case of duty and are encountered in certain intermittent
torque applicati Q ale IEC 60034-1, Duty type S6). In these applications, the load is
applied ¢ s e motor very quickly. It is also possible for this load torque to be
positive (agains lon of rotation of the motor) or negative (in the same direction as

motor rotation)

The impact load will result in a rapid increase or decrease in current demand (from the
converter). If the torque is negative, the motor may generate current back into the converter.
These transient currents create stresses in the stator winding. The magnitude of these
transient currents is a function of the size of the converter and of the motor.

4.4 Converter control types
4.4.1 General

There are various converter control types: scalar, vector (sensorless or feedback), direct flux
and motor torque control, etc. Each type has different characteristics, which are described in
4411t 4.4.1.3.
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4411 Scalar control

Scalar control is the original concept in a V/Hz converter. In such a converter, the output
voltage is controlled according to the output frequency. Figure 4 shows examples of the ways
in which this may be done.

With converter output voltage proportional to frequency, the motor is operating with
approximately constant flux even without speed feedback signals.

Voltage boost (a fixed voltage which is added to the converter output voltage), conventional
IR (stator winding resistance voltage drop) compensation, or advanced dynamic voltage
compensation are commonly used options to improve starting and operating performance in
the low speed region.

Voltage boost has more effect at low speeds when the motor voltage are should

amount of current in the motor, is an improvement.
algorithms to dynamically compensate for the voltage drop

S o torque or speed commands is not
required (for example, with centrifugal pux 3 and-tis particularly useful if multiple

4.4.1.2 Vector controf

An AC vector controlled < S ally~decouples the components of the motor current
producing the maéeti ‘ ) , in order to control them separately.

This decoupling is”g

A direct flux and motor torque controlled converter has a hysteresis (also known as ‘sliding
mode’) control type, which adjusts the flux and the torque of the motor by mathematical model
calculation of the motor, with or without speed feedback signals.

In this control type, there is no modulator, every switching transition of each converter power
semiconductor being considered separately. In addition, a speed feedback (sensor) signal
may further improve the performance.

The philosophy is to reach the required motor torque and speed as quickly as possible.

4.4.2 Converter type considerations

All three types of control can be used for constant torque applications, as well as for
applications where the torque increases with speed (for example, centrifugal pumps or fans).
However, when selecting a converter, each aspect of the performance requirement should be

considered to ensure optimal operation. Documents
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In general, the following aspects should be noted.

e Using scalar control, it is possible to operate motors of different ratings in parallel with one
converter (multi-motor operation).

e Scalar control is typically insufficient for dedicated low speed load requirements (below
approximately 10 % of base speed), although the low speed performance can be improved
by applying dynamic voltage compensation.

e The steady state torque capability of scalar control can be made equivalent to the
sensorless vector control by applying dynamic voltage compensation.

* The most significant difference between scalar control and vector or direct flux and motor
torque control is the dynamic response.

e Vector or direct flux and motor torque control may be required if Ox_more of the
following characteristics are needed:

O operation around zero speed,;
O precise torque control;

O high peak torque at low speed.

4.5 Converter output vg

4.5.1 Pulse Width Modu

commands of th
(the "modulator"):

The carrier frequencymay optionally be synchronized to line or to output frequency. It may be
selected to redute logses, current ripple or generated noise, and it may be kept fluctuating
("wobbling", or “random” PWM) to distribute the harmonic spectra of the output voltage over a
wide range.

Additionally, special control techniques may be used to optimize the current waveform or
spectrum, for example to achieve minimum current peaks or to eliminate certain harmonics.

4.5.2 Hysteresis (sliding mode)

Hysteresis covers those schemes of output voltage generation where the transition switching
commands of the converter are generated from a "carrierless" (and therefore unsynchronized)
controller. Transition switching occurs as soon as a certain difference is exceeded between
an actual and a reference value of a control parameter.

Hysteresis switching can be used with several control parameters: voltage, current, flux or
torque, depending on the type of control.
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