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1)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 2-1: Standard methods for determining losses and efficiency
from tests (excluding machines for traction vehicles)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60034-2-1 has been prepared by IEC technical committee 2:
Rotating machinery.

This third edition cancels and replaces the second edition of IEC 60034-2-1, issued in 2014,.
This edition constitutes a technical revision.

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

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

FDIS Report on voting




-6 - IEC CDV 60034-2-1 © IEC 2022

Full information on the voting for the approval of this 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.

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

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 the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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ROTATING ELECTRICAL MACHINES -

Part 2-1: Standard methods for determining losses and efficiency
from tests (excluding machines for traction vehicles)

1 Scope

This part of IEC 60034 is intended to establish methods of determining efficiencies from tests,
and also to specify methods of obtaining specific losses.

This standard applies to d.c. machines and to a.c. synchronous and induction machines of all
sizes within the scope of IEC 60034-1 rated for mains operation.

NOTE These methods may be applied to other types of machines such as rotary converters, a.c. commutator
motors and single-phase induction motors.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60027-1, Letter symbols to be used in electrical technology — Part 1: General
IEC 60034-1:2022, Rotating electrical machines — Part 1: Rating and performance

IEC 60034-4-1:2018, Rotating electrical machines — Part 4-1. Methods for determining
synchronous machine quantities from tests

IEC 60034-19, Rotating electrical machines — Part 19:Specific test methods for d.c. machines
on conventional and rectifier-fed supplies

IEC 60034-29, Rotating electrical machines — Part 29: Equivalent loading and superposition
techniques — Indirect testing to determine temperature rise

IEC 60034-30-1, Rotating electrical machines — Part 30-1: Efficiency classes of line operated
AC motors (IE code)

IEC 60051 (all parts), Direct acting indicating analogue electrical measuring instruments and
their accessories

IEC 60051-1, Direct acting indicating analogue electrical measuring instruments and their
accessories — Part 1: Definitions and general requirements common to all parts
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60034-1,
IEC 60051-1 and the following apply.

31

efficiency

ratio of output power to input power expressed in the same units and usually given as a
percentage

3.2

direct efficiency determination

method by which the determination of efficiency is made by measuring directly the input
power and the output power

3.3

dual-supply back-to-back test

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 output of the other machine

3.4

indirect efficiency determination

method by which the determination of efficiency is made by measuring the input power or the
output power and determining the total losses. Those losses are added to the output power,
thus giving the input power, or subtracted from the input power, thus giving the output power.

3.5

single-supply back-to-back test

test in which two identical machines are mechanically coupled together and are both
connected electrically to the same power system. The total losses of both machines are taken
as the input power drawn from the system.

3.6

no-load test

test in which a machine is run as a motor providing no useful mechanical output from the
shaft, or if run as a generator with its terminals open-circuited

3.7

zero power factor test (synchronous machines)

no-load test on a synchronous machine, which is over-excited and operates at a power factor
very close to zero

3.8
equivalent circuit method (induction machines)
test in which the losses are determined by help of an equivalent circuit model

3.9

test with rotor removed and reverse rotation test (induction machines)

combined test in which the additional load losses are determined from a test with rotor
removed and a test with the rotor running in reverse direction to the rotating magnetic field of
the stator

3.10
short-circuit test (synchronous machines)
test in which a machine is run as a generator with its terminals short-circuited
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3.1
locked rotor test
test in which the rotor is locked to prevent rotation

3.12
Eh-star test
test in which the motor is run in star connection on unbalanced voltage

3.13 Losses

3.13.1

total losses

Py

difference between the input power and the output power, equivalent to the sum of the
constant losses (see 3.15.2), the load losses (see 3.15.4), the additional load losses (see
3.15.5) and the excitation circuit losses (see 3.15.3)

3.13.2

constant losses

losses incorporating the sum of windage, friction and iron losses. Although these losses
change with voltage and load, they are historically called “constant” losses and the name is
retained in this standard.

3.13.21

constant losses

PC

sum of the iron losses and the friction and windage losses

3.13.2.2

iron losses

Pfe . . . g .

losses in active iron and additional no-load losses in other metal parts

3.13.2.3 Friction and windage losses Py,

3.13.2.31

friction losses

losses due to friction (bearings and brushes, if not lifted at rated conditions) not including any
losses in a separate lubricating system

3.13.2.3.2

windage losses

total losses due to aerodynamic friction in all parts of the machine, including power absorbed
in shaft mounted fans, and in auxiliary machines forming an integral part of the machine

Note 1 Losses in a separate ventilating system should be listed separately.

Note 2 For machines indirectly or directly cooled by hydrogen, see IEC 60034-1.

3.13.3 Excitation circuit losses

3.13.31

excitation circuit losses

Pe

sum of the excitation winding losses (see 3.15.3.2), the exciter losses (see 3.15.3.3) and, for
synchronous machines, electrical brush loss (see 3.15.3.5), if any
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3.13.3.2

excitation winding losses

Py

excitation (field) winding losses are equal to the product of the exciting current I, and the
excitation voltage U,

3.13.3.3

exciter losses

PEd . . . . .

the exciter losses for the different excitation systems (see Annex B) are defined as follows:

a)

Shaft driven exciter

The exciter losses are the power absorbed by the exciter at its shaft (reduced by friction
and windage losses) plus the power P, drawn from a separate source at its excitation
winding terminals, minus the useful power which the exciter provides at its terminals. The
useful power at the terminals of the exciter is equal to the excitation winding losses as per
3.15.3.2 plus (in the case of a synchronous machine) the electrical brush losses as per
3.15.3.5.

Note 1 If the exciter can be decoupled and tested separately its losses can be determined according to
7.1.3.2.1.

Whenever the exciter makes use of separate auxiliary supplies, their consumptions are to be included in the
exciter losses unless they are considered together with the main machine auxiliaries consumption.

Brushless exciter

exciter losses are the power absorbed by the exciter at its shaft, reduced by friction and
windage losses (when the relevant test is performed on the set of main machine and
exciter), plus the electrical power P,¢ from a separate source (if any) absorbed by its field
winding or its stator winding (in the case of an induction exciter), minus the useful power
which the exciter provides at the rotating power converter terminals.

Note 2 Whenever the exciter makes use of separate auxiliary supplies their consumptions are to be included in
the exciter losses unless they are considered together with the main machine auxiliaries consumption.

If the exciter can be decoupled and tested separately, its losses can be determined according to 7.1.3.2.1.
Separate rotating exciter

exciter losses are the difference between the power absorbed by the driving motor, plus
the power absorbed by separate auxiliary supplies, of both driving and driven machines,
including the power supplied by separate source to their excitation winding terminals, and
the excitation power supplied as per 3.15.3.2 and 3.15.3.4. The exciter losses may be
determined according to 7.1.3.2.1.

Static excitation system (static exciter)

excitation system losses are the difference between the electrical power drawn from its
power source, plus the power absorbed by separate auxiliary supplies, and the excitation
supplied as per 3.15.3.2 and 3.15.3.4.

Note 3 In the case of systems fed by transformers, the transformer losses shall be included in the exciter
losses.

Excitation from auxiliary winding (auxiliary winding exciter)

exciter losses are the copper losses in the auxiliary (secondary) winding and the additional
iron losses produced by increased flux harmonics. The additional iron losses are the
difference between the losses which occur when the auxiliary winding is loaded and when
it is unloaded.

Note 4: Because separation of the excitation component of losses is difficult, it is recommended to consider
these losses as an integral part of the stator losses when determining overall losses.

In the cases c) and d) no allowance is made for the losses in the excitation source (if any) or
in the connections between the source and the brushes (synchronous machine) or between

the

source and the excitation winding terminals (d.c. machine).
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If the excitation is supplied by a system having components as described in b) to e) the
exciter losses shall include the relevant losses of the components pertaining to the categories
listed in Annex B as applicable.

3.13.3.4

separately supplied excitation power

P

excitation power P,g supplied from a separate power source is:

— for exciter types a) and b) the exciter excitation power (d.c. or synchronous exciter) or
stator winding input power (induction exciter). It covers a part of the exciter losses Pgq
(and further losses in induction exciters) while a larger part of P, is supplied via the shaft;

— for exciter types c) and d) equal to the excitation circuit losses, Pjg = Pg;

— for exciter type e) P4 = 0, the excitation power being delivered entirely by the shaft. Also,
P,g = 0 for machines with permanent magnet excitation.

Exciter types shall be in accordance with 3.15.3.3.

3.13.3.5
brush losses (excitation circuit)
Py,

electrical brush loss (including contact loss) of separately excited synchronous machines

3.13.4 Load losses

3.13.4.1

load losses

P

sum of the winding (/2R) losses (see 3.15.4.2) and the electrical brush losses (see 3.15.4.3), if
any

3.13.4.2
winding losses
winding losses are /2R losses:

— in the armature circuit of d.c. machines;
— in the stator and rotor windings of induction machines;
— in the armature and field windings of synchronous machines

3.13.4.3
brush losses (load circuits)
Py,

electrical brush loss (including contact loss) in the armature circuit of d.c. machines and in
wound-rotor induction machines

3.13.5

additional load losses (stray-load losses)

P

losses produced in active iron and other metal parts by alternating stray fluxes when the
machine is loaded; eddy current losses in winding conductors caused by load current-
dependent flux pulsations and additional brush losses caused by commutation

NOTE These losses do not include the additional no-load losses of 3.15.2.2.
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3.13.6

short-circuit losses

PSC

current-dependent losses in a synchronous machine and in a d.c. machine when the armature
winding is short-circuited

3.14 Test quantities (polyphase a.c. machines)

3.141
terminal voltage
for polyphase a.c. machines, the arithmetic average of line voltages

3.14.2
line current
for polyphase a.c. machines, the arithmetic average of line currents

3.14.3

line-to-line resistance

for polyphase a.c. machines, the arithmetic average of resistances measured between each
pair of terminals

Note 1 For Y-connected three-phase machines, the phase-resistance is 0,5 times the line-to-line resistance. For
A-connected machines, the phase-resistance is 1,5 times the line-to-line resistance.

Note 2 In Clauses 6 and 7 explanations and formulae given are for three-phase machines, unless otherwise
indicated.

3.14.4

temperature rise

is the machine temperature minus the cooling medium (coolant) temperature as defined by
IEC 60034-1

4 Symbols and abbreviations

4.1 Symbols
cos ¢ s the power factor

f is the supply frequency, Hz

1 is the average line current, A

kg is the temperature correction factor
n is the operating speed, s

p is the number of pole pairs

P is the power, W

Py is the input power at no-load, W

P, is the input power, excluding excitation2, W
Py is the output power, W

Py is the brush loss, W

P is the excitation circuit losses, W

1 This definition assumes sinusoidal voltage and current.

2 Unless otherwise indicated, the tests in this standard are described for motor operation, where P, and P, are
electrical input and mechanical output power, respectively.
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253  Pqg is the excitation power supplied by a separate source, W

254 Pgy is the exciter losses, W

255 Py is the electrical power, excluding excitation, W

256 P; is the excitation (field) winding losses, W

257 Py is the iron losses, W

258 Py is the friction and windage losses, W

259 P, is the constant losses, W

260 P is the load losses, W

261 P, is the residual losses, W

262 P is the additional-load losses, W

263 Pg, is the short-circuit losses, W

264  Pech IS the mechanical power, W

265 Pt is the total losses, W

266 P, is the winding losses, W, where subscript w is generally replaced by a, f, e, s orr
267 (see 4.2)

268 R is a winding resistance, Q

269 Ry is the actual value of the auxiliary resistor for the Eh-star test (see 6.2.5), Q
270 R'gp is the typical value of the auxiliary resistor, Q

2711 Rg is the field winding resistance, Q

2712 Ry is the average line-to-line-resistance, Q

213 Ry, is the average phase-resistance, Q

274 s is the slip, in per unit value of synchronous speed

275 T is the machine torque, N-m

276 T4 is the reading of the torque measuring device, N-m

277 U is the average terminal voltage, V

218 Uy is the terminal voltage at no-load, V

2719 Uy is the rated terminal voltage, V

280 X is the reactance, Q

281 Z=R+jxX is the notation for a complex quantity (impedance as example)
282 Z:|Z|: R*+X? is the absolute value of a complex quantity (impedance as example)
283 Z is the impedance, Q

284 g is the efficiency

285 O is the initial winding temperature, °C

286 0, is the ambient temperature, °C

287 0, primary coolant inlet temperature, °C

288 0O, is the winding temperature, °C

289 T is a time constant, s

290 4.2 Additional subscripts

291 The following subscripts may be added to symbols to clarify the machine function and to
292  differentiate values.



