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EN 60034-2:1996/A2:1996

Foreword

The text of document 2/939/FDIS, prepared by IEC TC 2, Rotating machinery, was
submitted to the formal vote and was approved by CENELEC as amendment A2 to
EN 60034-2 on 1996-07-02. R ‘

The text of document 2G/73/FDIS, prepared by SC 2G, Test methods and procedures, of
IEC TC 2, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC
for inclusion into amendment A2 to EN 60034-2 on 1996-10-01.

NOTE: Amendment 2 to IEC 34-2, published in November 1996, contains both documents 2/939/FDIS
and 2G/73/FDIS.

The following dates were fixed:

— latest date by which the amiendment has to be
implemented at national level by publication of e
an identical national standard or by endorsement (dop) 1997-06-01

- latest date by which the national standards conflicting
with the amendment have to be withdrawn (dow) 1997-06-01

For products which have complied with HD 53.2 S1 11974 (converted into EN 60034'—2)
before 1997-06-01, as’shown by.the manufacturer or by & certification body, this previous
standard may continue to apply for production uniil 2002-06-01: e

Endorsement notice

The text of amendment 2:1996 tothe International Standard IEC 34-2:1972 was approved
by CENELEC as an amendment to the European Standard without any modification.
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FOREWORD

This amendment has been prepared by sub-committee 2G: Test methods and procedures,
of IEC technical committee 2: Rotating machinery.

The text of this amendment is based on the following documents:

FDIS Reports on voting )
2G/73/FDIS 2G/81/RVD B
2/939/FDIS 2/951/RVD

Full information on the voting for the approval of this amendment can be found in the
reports on voting indicated in the above table.

Page 3
CONTENTS
Add the title of annex A as follows:

Annex A — Provisional methods for determining Jlossesand efficiency- of converter-fed-
cage induction machines

Page 13 .
5 Reference temperature
Replace the existing text by the following:

Unless otherwise specified, all PR losses shall be corrected to the temperatures given
below:

Thermal class of the Reference temperature
insulation system °C
A E 75
B 95
F 115
H 130

If the rated temperature rise or the rated temperature is specified as that of a lower
thermal class than that used in the construction, the reference temperature shall be that of
the lower thermal class.
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Page 55

Add annex A as follows:

Annex A
(informative)

Provisional methods for determining losses and efficiency
of converter-fed cage induction machines

INTRODUCTION

This annex applies to cage induction machines with rated frequencies up to 120 Hz
supplied by converters which have an intermediate circuit and are of the following types:
f-converters and U-converters, typically Pulse Width Modulated (PWM).

The methods to determine losses and efficiency given in section 3 are partly no longer
applicable and this annex indicates the test modifications that are necessary. -+ ’

NOTE - The six-step converter is a special case of the pulsed converter.

In general, when fed from a converter, the motor losses are higher than during operation
on a sinusoidal system. These additional losses depend on the harmonic spectrum of the
impressed supply quantity. (either. current ot voltage). Their magnitude /is influenced by
circuitry and control method ‘ef the’ convertet- -Consequently ‘a simple factor to cover these
additional losses cannot be found.

The determination of losses and efficiency will therefore preferably use procedures where

" the motor is operated together with the same converter with, which it is going into service.

It is also understood that suitable methods shall not require the knowledge of design data
of the motor, such as the rotor bar geometry.

A.1 Determination of losses and efficiency of converter-fed motors
A.1.1 Components of the additional losses

In cage induction motors additional losses" are produced due to the harmonics in either
current or voltage; they are made up of the following components:

a) additional PR losses in primary windings;
b) additional PR losses in secondary windings;

c) additional losses in active iron.

NOTE - The physical effects giving rise to the additional losses are treated in chapter 5 of IEC 34-17,
1892: "Guide for the application of cage induction motors when fed from converters”.

1)

These additional losses are due to harmonics of the supply and do not contain the additional losses
described in 8.1a) and 8.3 which refer to sinusoidal supply of fundamental frequency only.
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A.1.2 Efficiency determination by input-output measurement

The motor input-output measurement as indicated in clause 12 is a preferred method since
all additional losses are incorporated in the result (see clause A.3); however, the
measuring equipment must have sufficient accuracy for measuring power, torque and
speed as well as an appropriate frequency range. Therefore, additional requirements for
measuring instruments and accessories beyond the contents of clause 3 have_to be
specified (see clause A.2). o B e

To keep within a required relative tolerance of the resulting motor efficiency, the maximum
relative error (AP/P, ) of the power measurement has to be decreased with increasing
efficiency, as shown in figure A.1.

To,oe :
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Figure Ail~/Maximum permissible relative’error (AP/I;in)

max
of input'as ' well*as‘output measurement

There is also the possibility to determine the overall efficiency of the complete system
consisting of converter and motor by input-output measurement, applicable on agreement
between manufacturer and purchaser. In this case the motor efficiency cannot be
determined separately.

A.1.3 Efficiency determination by summation of losses

A number of presumptions made in 9.1 are no longer valid for motors fed from converters.
In the no-load test, the PR losses in the secondary winding (9.1.1.1) may not be
neglected. Therefore the iron losses cannot be separated. The no-load test at variable
voltage (i.e. at variable flux) according to 9.1.1.3 cannot be carried through with many
commercial converters, due to the limited range of adjustment; consequently there will be

no possibility to separate the friction and windage losses (8.1b) and c)) from the other
losses by a no-load test.

2) 8 = tolerance as described in IEC 34-1, table VIIi, items 1 and 2. The curves are based on a simplified error
consideration, assuming errors AP of equal magnitude in P, and P_ .. Figure A.1 is a graph of the equation
(AP/P, ) 1o = 8- (1-1) / (14m).
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Concerning the load test, the statement in 9.1.2.1 that "the secondary winding losses are
taken to be equal to the product of the slip and the total power transmitted to the
secondary winding" is only valid for a machine operated with a sinusoidal current of
fundamental frequency. Moreover, to calculate the PR losses of the primary winding by
means of the resistance measured using direct current (9.1.2.1) will produce an error due
to eddy currents.

o

Hence when using the method of summation of losses certain assumptions have-to be
made (see clause A.4).

A.1.4 Efficiency determination by the calorimetric method

The calorimetric method is especially useful for application to converter-fed motors since
the losses are measured independently of the waveforms of voltages and currents.

The calorimetric calibration method according to clause 3 of IEC 34-2A has been found of
advantage since it does not require measurement of the mass rate of flow; hence the
density of the cooling medium, being functions of humidity and temperature, need not be
known. Moreover, the variation of specific heat capacity can usually be disregarded.

fn a set-up according to figure A.2 the power absorbed in the dissipation resistor can
be measured without difficulty, so that the motor losses may be calculated from the
proportion: '
Py =Py Tor T/ {55 Tp)

where

P, represents the motor losses;

P, represents the power absorbed in the dissipation)resistor;

T,, T,, T, represents'the measured temperatures'at the points indicated'in figure A.2.
The measuring accuracy depends mainly on the magnitude of temperature rise values (7, - T,)

and (T3 - Tz)' The measurement has to be made in accordance with clause 13 of IEC 34-2A, .
to enable an accuracy of measurement as indicated in clause 15 and table |l.
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Figure A.2 — Schematic diagram of a test set-up for the
calorimetric calibration method
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