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PREFACE

This Standard was prepared by the Standards Australia Committee EL/9, Rotating Electrical
Machinery to supersede, in part, AS 1359.33— 1983, General requirements for rotating electrical
machines, Part 33: Methods for determining losses and efficiency.

It is identical to and has been reproduced from IEC 34-2:1972, Rotating electrical machines,
Part 2: Methods for determining losses and efficiency of rotating electrical machinery from tests
(excluding machines for traction vehicles), including Amd.1:1995 and Amd.2:1996 as indicated by
marginal bars near the affected text. Reproduction was done by scanning the IEC text and adjusting
the style of the original publication to conform with later IEC style.

This Standard is a Part of the AS 1359 series listed in AS 1359.0, Part titled: Introduction and list
of Parts.

The objective of this Standard is to provide the rotating electrical machine industry with standard
methods for determining losses and efficiency.

The objective of this Revision is to clarify certain methods and to provide more details of the
retardation method (from IEC 34-2 Amd.1); to amend the reference temperature used for correcting
I?R losses (from IEC 34-2 Amd.2); and to transfer the calorimetric method to a new AS 1359.102.2.

As this Standard is reproduced from an International Standard, the following applies:

(@ Its number does not appear on each page of text and its identity is shown only on the cover
and title page.

(b) In the source text ‘this Recommendation’ should read ‘this Australian Standard’.
(c) A full point substitutes for a comma when referring to a decimal marker.

(d) References to International Standards should be replaced by references to Australian
Standards, as follows:

Reference to International Standard Australian Standard
34 Rotating electrical machines 1359  Rotating electrical machines— General
requirements
34-1 Part 1: Rating and performance 1359.101 Part 101: Rating and performance
34-2A  First supplement: Measurement of 1359.102.2 Part 102.2: Methods for
losses by the calorimetric method determining losses and
efficiency— Calorimetric method
50 International Electrotechnical 1852 International Electrotechnical
Vocabulary (IEV) Vaocabulary
51 Direct acting indicating analogue —

electrical measuring instruments and
their accessories

The references in Paragraph A.1.4 to clauses 11 and 13 and to table Il of IEC 34-2A apply
respectively to Clauses 4.4, 3.7 and Table 2 of AS 1359.102.2.
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AUSTRALIAN STANDARD

Rotating electrical machines—General requirements

Part 102.1:
Methods for determining losses and efficiency —General

SECTION ONE - GENERAL

1 Scope

This Recommendation applies to d.c. machines and to a.c. synchronous and induction
machines of all sizes within the scope of IEC Publication 34-1. The principles can, however, be
applied to other types of machines such as rotary converters, a.c. commutator motors and
single-phase induction motors for which other methods of determining losses are generally
used.

2 Object

This Recommendation is intended to establish methods of determining efficiencies from tests,
and also to specify methods of obtaining particular losses when these are required for other
purposes.

3 General

Tests shall be conducted on a completely sound machine with all covers fitted in the manner
required for normal service, with any devices for automatic voltage regulation not a composite
part of the machine itself being made inoperative, unless otherwise agreed.

Unless otherwise agreed, measuring instruments and their accessories, such as measuring
transformers, shunts and bridges used during the test shall have an accuracy of 0,5 or better
(IEC 51), excluding three-phase wattmeters and wattmeters for low power factor, for which an
accuracy class shall be 1,0 or better.

Instruments shall be selected to give readings over the effective range such that a fraction of a
division is a small percentage of the actual reading and can be easily estimated.

On machines with adjustable brushes, the brushes shall be placed in the position correspond-
ing to the specified rating. For measurements on no-load, the brushes may be placed on the
neutral axis.

Speed of rotation may be measured by a stroboscopic method, digital counter or tachometer.
When measuring slip, the synchronous speed should be determined from the supply frequency
during the test.
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2

When the over-all efficiency or the absorbed power is measured for a group of machines
comprising two electrical machines, or a machine and a transformer, or a generator and its
driving machine, or a motor and its driven machine, there is no need to indicate the individual
efficiencies. If, however, these are given separately, they should be regarded as approximate.

3.1 List of symbols

A list of symbols used in the draft, with the general meanings attributed to each one, is given
below:

[EnY
9]
1l

retardation constant

= current

load current at rated voltage

main primary current at reduced voltage

no-load current at rated voltage

no-load current at reduced voltage

moment of inertia

speed of rotation in revolutions per minute

rated speed,

number of full revolutions of the shaft

losses which can be directly measured

power absorbed at rated voltage

power absorbed by main primary winding at reduced voltage
iron losses definedin accordance with 6.2 a), 8.1 a) and 10.1 a)
= friction and windage losses ("mechanical losses” definedin
accordance with 6.2 b), 6.2 c), 8.1 b), 8.1¢c), 10.1 b) and 10.1c))
short-circuit losses representing the sum of the /R losses in operating
windings on load in accordance with 10.2 and additional load losses in
accordance with 10.4

= total of the losses during the retardationtest

= angular displacement of the machine shaft

= slip

= excitation voltage across terminals of main rheostat

total excitation voltage

= rated voltage

reduced voltage for load test

per unit deviation of rotational speed from rated speed

load phase angle at rated voltage

load phase angle at reduced voltage

no-load phase angle at rated voltage

Oy = no-load phase angle at reduced voltage
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4 Definitions

For definitions of general terms used in this Recommendation, reference should be made to
the InternationalElectrotechnical Vocabulary [IEC Publication 50].

For the purpose of this Recommendation, the following definitions apply:

4.1
Efficiency
The ratio of output to input expressed in the same units and usually given as a percentage.

4.2
Total loss
The difference between the input and the output.
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4.3

Braking test

A test in which the mechanical power output of a machine acting as a motor is determined by
the measurement of the shaft torque, by means of a brake or dynamometer, together with the
rotational speed. Alternatively,a test performed on a machine acting as a generator, by means
of a dynamometerto determine the mechanical power input.

4.4

Calibrated driving machine test

A test in which the mechanical input or output of an electrical machine is calculated from the
electrical output or input of a calibrated machine mechanically coupled to the machine on test.

4.5

Mechanical back-to-back test

A test in which two identical machines are mechanically coupled together, and the total losses
of both machines are calculated from the difference between the electrical input to one
machine and the electrical outputof the other machine (see figure 1).

4.6

Electrical back-to-back test

A test in which two identical machines are mechanically coupled together, and they are both
connected electrically to a power system. The total losses of both machines are taken as the
power input drawn from the system (see figure 2).

4.7

Retardation test

A test in which the losses in a machine are deduced from the rate of deceleration of the
machine when only these losses are present.

4.8

Calorimetric test

A test in which the losses in a machine are deduced from the heat produced by them. The
losses are calculated from the product of the amount of coolant and its temperature rise, and
the heat dissipated in the surrounding media.

4.9

No-load test

A test in which the machine is run as a motor providing no useful mechanical output from the
shaft.

4.10
Open-circuit test
A test in which a machine is run as a generator with its terminals open-circuited.

4.11
Sustained short-circuit test
A test in which a machine is run as a generator with its terminals short-circuited.

4.12

Zero power factor test

A no-load test on a synchronous machine which is over-excited and operates at a power factor
very close to zero.
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5 Reference temperature
Unless otherwise specified, all / 2R losses shall be corrected to the temperatures given below:

Thermal class of Reference temperature
°C

the insulation system
A E 75

B 95

F 115

130

H

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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5
SECTION TWO - D.C. MACHINES

6 Losses to be included

The total losses may be taken as the sum of the following componentlosses:

6.1 Excitation circuit losses
a) I’R losses in shunt or separately excited windings and in the excitation rheostats.
b) Exciter losses.

All the losses in an exciter mechanically driven from the main shaft, which forms part of
the complete unit and is used solely for exciting the machine, together with losses in the
rheostat in the excitation circuit of such an exciter, but with the exception of friction and
windage losses.

In the case of a separate excitation supply such as battery, rectifier or motor generator
set, no allowance is made for the losses in the excitation source or in the connections
between the source and the brushes.

NOTE - When the losses in a separate excitation system are required, these should be listed separately and
can be taken as the difference between the excitation power divided by the efficiency of the excitation system,
and the excitation power.

6.2 Constantlosses
a) Losses in active iron, and additional no-load losses in other metal parts.

b) Losses due to friction (bearings and brushes) not including any losses in a
separate lubricating system. Losses in common bearings shall be stated
separately, whether or not such bearingsare supplied with the machine.

NOTE - When the losses in a separate lubricating system are required, these should be listed
separately.

c) The total windage loss in the machine including power absorbed in integral fans
and in auxiliary machines, if any, forming an integral part of the machine. The
losses in auxiliary machines such as external fans, water and oil pumps not
forming an integral part of the machine, but provided exclusively for the machine
in question, shall be included only by agreement.

NOTE - When the losses in a separate ventilating system are required, they should be listed
separately as they are not part of the machine losses.

6.3 Load losses

a) I’R losses in armature, and windings carrying armature current (e.g. commutating,
compensating, excitation and series connected windings).

b) Electrical losses in brushes.
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6.4 Additional load losses

a) Losses introduced by load in active iron, and other metal parts other than the
conductors.
b) Eddy current losses in armature conductors caused by current dependent flux

pulsation and commutation.

c) Losses in the brushes caused by commutation.

NOTE - These losses are sometimes called additional losses, but they do not include the additional no-load
losses in 6.2 a).

7 Determination of efficiency

7.1 Summation of losses

The efficiency can be calculated from the total losses which are assumed to be the summation
of the losses obtainedin the following manner:

7.1.1 Excitationlosses
These are:

7.1.1.1 Excitation winding /’R losses

These losses are calculated from the formula /?R, where R is the resistance of the shunt
excitation winding (or separately excited winding), corrected to the reference temperature,
and / is the excitation current. Except for case c) below, the excitation current shall be that
corresponding to rated speed under rated load conditions. For case c) below, the excitation
current shall be that correspondingto rated speed at no-load.

If the excitation current cannot be measured during a test on load, it should be taken as:

a) For shunt connected or separately excited generators with or without commutation
poles; 110% of the excitation current, correspondingto no-load at a voltage equal
to the rated voltage plus ohmic drop in the armature circuit (armature, brushes
and commutating windings if any, see also 7.1.3.2) at rated load current.

b) For compensated shunt or separately excited generators: the excitation current
corresponding to no-load at a voltage equal to the rated voltage plus the ohmic
drop in the armature circuit (armature, brushes, commutating windings and
compensating windings, see also 7.1.3.2) at rated load current.

c) For level-compounded generators: the excitation current for the rated no-load
voltage.

d) For over-compounded and under-compounded generators, and special types of
generator not covered by items a) to c):. as agreed between manufacturer and
purchaser.

e) For shunt wound motors: equal to no-load excitation current corresponding to the

rated voltage.
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7.1.1.2 Main rheostat losses

These losses are calculated from the formula /°R, where R is the resistance of the part of the
rheostat in circuit for the rating considered, and / is the value of the excitation current defined
as in 7.1.1.1 above. They are also equal to the product, /U, of the excitation current multiplied
by U, the excitation voltage which must be absorbed in the rheostat.

The sum of the losses, 7.1.1.1 and 7.1.1.2, is also equal to the product /U, of the excitation
current / and the total excitation voltage U..

NOTE - Where a resistance is permanently connected in series in the excitation circuit it should be dealt with in
the same way as the main rheostat.

7.1.1.3 Exciterlosses

NOTE - This applies only to the case where the exciter is mechanically driven from the main shaft and is used
solely for exciting the main machine.

These losses include the difference between the power absorbed at the shaft by the exciter
and the useful power which it provides at its terminals,* as well as the excitation losses in the
exciter if this is excited from a separate source.

If the exciter can be uncoupled from the main machine and tested separately,the power which
it absorbs may be measured by using the calibrated-machine method.

If the exciter cannot be uncoupled from the main machine, the power which it absorbs may be
measured either by the method of working the main machine as a motor on no-load, or by the
calibrated machine method (clause 13), or by the retardation method (clause 15), applied to
the whole unit. In these three methods, the power absorbed by the exciter is obtained as the
difference between the total losses of the unit measured under identical conditions, first with
the exciter on-load and secondly with the exciter non-excited, the excitation being supplied by
an independentsource.

If none of these methods is applicable, the power absorbed by the exciter is obtained by
adding to the power, measured at the terminals, the different separate losses determined as
under clause 6. However, mechanical friction and windage losses which are measured at the
same time as those of the main machine need not be taken into account.

7.1.2 Constantlosses

7.1.2.1 No-load test at rated voltage

The constant losses shall be determined by running the machine under no-load conditions as a
motor with rated voltage applied and with rated speed achieved by adjustment of the exci-
tation, which shall preferably be derived from a separate source.

The total electric power absorbed, less the /2R losses in the armature and in the excitation

winding or, if necessary, less the power absorbed by the exciter, gives the sum of the constant
losses.

* The useful power at the terminals of the exciter is equal to the sum of the losses, 7.1.1.1 and 7.1.1.2, of the main
machine.
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7.1.2.2 Open circuit test

The constant losses can be determined separately by driving the machine at its rated speed by
means of a calibrated machine. The machine on test is excited (preferably from an indepen-
dent source), so as to work as a generator on no-load at a voltage equal to its rated voltage,
the power which it absorbs at its shaft, and which can be obtained from the electric power
absorbed by the calibrated machine, giving the sum of the constant losses. By removing the
excitation, the sum of the friction and windage losses is obtained in the same way. The core
losses may be determined separately by subtracting the losses during this test from those
measured during the previous no-load test. By lifting the brushes the brush friction loss may be
determined separately by subtracting the losses during this test from those measured during
the previous, unexcited test.

7.1.2.3 Retardation test

In machines with large inertia, the total constant losses, as well as the separate constant
losses, can be determined by the retardation method.

7.1.3 Load losses

These are:

7.1.3.1 Armature circuit /°R losses

These losses are calculated from the current and the measured resistance, corrected to the
reference temperature, except that where resistance measurement is impracticable due to very

low resistances, calculation is permissible.

NOTE - Under this heading are included compensating windings, commutating pole windings and diverters. In
the case of diverters in parallel with a series winding, the /?R losses should be determined using the total
current and the resulting resistance.

7.1.3.2 Electrical lossesin brushes

The sum of these losses shall be taken as the product of the armature current and a fixed
voltage drop.

The voltage drop allowed for all brushes of each polarity shall be 1.0 V for carbon or graphite
brushes and 0.3V for metal-carbon brushes, i.e. a total drop of 2.0 V for carbon or graphite
brushes, and 0.6 V for metal-carbon brushes.

7.1.4 Additional load losses

Unless otherwise specified, it is assumed that these losses vary as the square of the current,
and that their total value at maximum rated current is, for:

Uncompensated machines

1% of the rated input for motors;
1% of the rated output for generators.

Compensated machines

0.5% of the rated input for motors;
0.5% of the rated outputfor generators.
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For constant speed machines, the rated output or inputas appropriateis taken as the output or
input which would be obtained at maximum rated current and maximum rated voltage.

For variable speed motors where the speed change is obtained by applied voltage, the rated
input is defined at each speed as being the input when the maximum rated current at any
speed is associated with the applied voltage of the particular speed considered.

For variable speed motors where the increase in speed is obtained by weakening the field, the
rated input is defined as being the input when the rated voltage is associated with the maxi-
mum rated current. For variable speed generators where the voltage is maintained constant by
varying the field, the rated output is definedas being the output which is available at the termi-
nals at rated voltage and maximum rated current. The allowances for additional losses at the
speed correspondingto the full field shall be as specified above. The allowances for additional
losses at other speeds shall be calculated using the appropriate multiplying factors given in
table 1.

Table 1

Multiplying factors for different speed ratios

Speed ratio Multiplying factor
1.5:1 1.4
2:1 1.7
3:1 2.5
4 :1 3.2

The speed ratio in the first column of table 1 shall be taken as the ratio of actual speed under
consideration to the minimum rated speed for continuousrunning.

For speed ratios other than those given in table 1 the appropriate multiplying factors can be
ascertained by interpolation.

NOTE - The additional load loss may be obtained from an input-output test or from a back-to-back test by sub-
tracting from the total measured losses all other known losses.

7.1.4.1 Changein coreloss due to load

In general, this variation is usually negligible. By special agreement, for very low voltage
machines, the sum, 6.2 a) and 6.4 a), may be measured as described for the constant losses
in active iron, 6.2 a) by one or other of the two methods, by operating as a motor on no-load or
as a generator on no-load, but instead of making the test at the rated voltage, the test is made
at the rated voltage increased or decreased by the voltage drop in the armature circuit for the
current considered, depending on whether the machine is a generator or a motor.

1 7.1.4.2 Additional load lossesin d.c. motors supplied by static power converters
Whenever the current ripple factor (see 2.29, IEC 34-1: 1994) of the armature current
exceeds 0,1, the additionallosses caused by the a.c. component of the armature current shall

be consideredin additionto the losses specified in 7.1.4.

They shall be calculated as the eddy current losses caused by the fundamental component of
the above-mentioneda.c. component.

The method of calculation used shall be the subject of agreement between manufacturer and
purchaser.
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