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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

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

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promate internat|onal
-operation on all questions concerning standardization in the electrical and electronic fields.yTo this end and

im addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Reports,

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 'Publication(s)”).

Their

reparation is entrusted to technical committees; any IEC National Committee interestéd in the subject dealtjwith
ay participate in this preparatory work. International, governmental and non-governmeéntal organizations liajsing
ith the IEC also participate in this preparation. IEC collaborates closely with thé Iqternational Organizatioh for

tandardization (ISO) in accordance with conditions determined by agreement-between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat

interested IEC National Committees.

isinterpretation by any end user.

Ip order to promote international uniformity, IEC National' Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in their national and regional publications. Any divergence bet
9

IEC itself does not provide any attestation of eonformity. Independent certification bodies provide confo

ns.

onal

donsensus of opinion on the relevant subjects since each technical ¢ommittee has representation from all

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC Natjonal
Gommittees in that sense. While all reasonable efforts are madeto ensure that the technical content off IEC
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for| any
n

ions
veen

ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the Iatter.

mity

ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible forl any

rvices carried out by independent certification bodies.

Il users should ensure that they have thellatest edition of this publication.

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experts| and

embers of its technical committees~and IEC National Committees for any personal injury, property dama
her damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the| publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
indispensable for the ‘cafrect application of this publication.

e or
and
IEC

hs is

IEC draws attention”to the possibility that the implementation of this document may involve the use of (a)
atent(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent rights in

respect thereef"As of the date of publication of this document, IEC had not received notice of (a) patent(s),

hich

ay be required to implement this document. However, implementers are cautioned that this may not reprgsent
the lateSt-ihformation, which may be obtained from the patent database available at https://patents.iec.ch
hall not'be held responsible for identifying any or all such patent rights.

IEC

ges

made to the previous edition IEC 60034-2-1:2014. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 60034-2-1 has been prepared by IEC technical committee 2: Rotating machinery. It is an

Inte

rnational Standard.

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

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

edit
Har

The

Full
the

The

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and develope
brdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main_document types developed by IEC

acc

des

A i
mad

The
stal
spe
[ )

ion:

monization of layout and requirements with IEC 60034-2-2 and IEC 60034-2-3.

text of this International Standard is based on the following documents:
Draft Report on voting
2/2165/FDIS 2/2177/RVD

information on the voting for its approval can be found in the report onrvoting indicate
above table.

language used for the development of this International Standard is English.

Cribed in greater detail at www.iec.ch/publications.

5t of all parts in the IEC 60034 series, published under the general title Rotating elect
hines, can be found on the IEC website,

committee has decided that the contents of this document will remain unchanged until
ility date indicated on the IEC website under webstore.iec.ch in the data related to
Cific document. At this date, the document will be

reconfirmed,

withdrawn, or

revised.

d in

d in

are

ical

the
the

IM
th
of

PORTANT ='The "colour inside" logo on the cover page of this document indicatf
t it contains colours which are considered to be useful for the correct understandi
its contents. Users should therefore print this document using a colour printer.

es
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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

Thig part of IEC 60034 is intended to establish methods of determining efficiencies from-tigsts,

and|also to specify methods of obtaining specific losses.

Thig document applies to DC machines and to AC synchronous and induction_ tmachines of all

sizgs 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; AC commutator mtors

and gingle-phase induction motors.

2 |[Normative references

Thel|following documents are referred to in the text in such a way that some or all of their confent

congtitutes requirements of this document. For dated refetences, only the edition cited applies.

For| undated references, the latest edition of the{referenced document (including [any

amgndments) applies.

IEC|60027-1, Letter symbols to be used in electrical technology — Part 1: General

IEC|60034-1:20402022, Rotating electrical machines — Part 1: Rating and performance

IECIE0034-4-2008 otatina-electricalPmachines Daort 4- Mathods for-determinino-svnchrodous

I[EC180034-4:2008, Rotating-electrical- machines —Part 4 Methods for determining-synchrofous
) g

IEC| 60034-4-1:2018, Rotating electrical machines — Part 4-1. Methods for determiping

eledtrically excited synchronous machine quantities from tests

IEC|60034-19, Rotating electrical machines — Part 19:Specific test methods for DC mach|nes

on ¢onventional and rectifier-fed supplies

IEC|60034-29, Rotating electrical machines — Part 29: Equivalent loading and superposftion

techniques.— Indirect testing to determine temperature rise

IEC 60034 30 4I, Rutat;l:y Gl’cbt! l’bal’ IIIGUIL;I.HGD _ lnalt 30 1. l'__ffl'bllcllb_y UIIGDDGD Uf l’l'llc UNGI ted

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.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
efficiency
ratip of output power to input power expressed in the same units and usually \given gds a
per¢gentage

3.2
dirgct efficiency determination
method by which the determination of efficiency is made by measuring-directly the input pgwer
and|the output power

device formeasurinatoraue-annliedto-the rotatinanart offhe machine undertest ltis eauinbed
agevicetormeasurhgtorgueappHeatothefroatinRgpartortheRachHRe-uhcertest—HsSequippea
witHh - means for measurina-and-indicatina-toraue-and-shéed and-is not limited-to-g-cradle Hase
wH-meanhstormeasurhgancHaicathgtorgueana-speea;,ancishotHmiteatoa-craaieJase
conktruction—An-in-line toraue-transducer mav bestised to nprovide—a direct measurement of
conptrucHoR—AR—-HRetorgue—tansavcermay-—opeuseatoprovaea—aectmeastremenRt—ot

duall-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 gutput of the other machine

indirect efficiency determination

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-when if run as a generator with its terminals open-circuited
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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
equ

ivalent circuit method-{induction-machines)

test on an induction machine in which the losses are determined by help of an equivalent circuit
model

3.9

tes{ with rotor removed and reverse rotation test-(induction-machines)

conlbined test on an induction machine in which the additional load losses are determined f

rom

a test with rotor removed and a test with the rotor running in reverse direction tothe rotating

magnetic field of the stator

3.1
sh
test
circ

3.11
locl
test|

3.17

Eh-gtar test

test|

3.1
loss

3.13

totdl losses

Pr
diffq

rt-circuit test-{synchronous-machines)

on a synchronous machine in which a machine is run as a generator with its terminals sh
Lited

ked rotor test
in which the rotor is locked to prevent rotation

in which the motor is run in star connection«on unbalanced voltage

5es
A

rence between the input'power and the output power, equivalent to the sum of the cons

ort-

tant
and

losqes (see 3.13.2), the load losses (see 3.13.4), the additional load losses (see 3.13.5)

the excitation circuit losses (see 3.13.3)

3.13.2

constant losses

PC

losqes incorporating the sum of windage, friction and iron losses

Notef T\foentry:  Although these losses change with voltage and load, they are historically called “constant” losses
and the name Is retained n this document.

censtonilesses

Pe

3.13.2.1
iron losses

Pfe

losses in active iron and additional no-load losses in other-metal magnetic and conductive parts
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3.13.2.2
friction and windage losses

wa

losses incorporating the sum of windage and friction

3.13.2.2.1

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

3.132.2.2

win}iage losses

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

Note

Note

3.1
exc

3.13
exc
Pe

sum
syn

3.17
exc
P

exc
exc

3.13
exc

Pggq
exc

a)

1 to entry: Losses in a separate ventilating system should be listed separately.

2 to entry: For machines indirectly or directly cooled by hydrogen, see IEC 60034-1.
.3

tation circuit losses

.31

tation circuit losses

of the excitation winding losses (see 3.13.3.2), the exciter losses (see 3.13.3.3) and
Chronous machines, electrical brush loss (see 3.1313.5), if any

.3.2
tation winding losses

tation (field) winding losses are equal to the product of the exciting current 7, and
tation voltage U,

.3.3
ter losses

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

Ehaft driven exciter

pxciter lossgs are the power absorbed by the exciter at its shaft (reduced by friction
vindage-tosses) plus the power P, drawn from a separate source at its excitation win

bower/at the terminals of the exciter is equal to the excitation winding losses as per 3.13

for

the

and
ing

erminals, minus the useful power which the exciter provides at its terminals. The useful

3.2

bIUs/(in the case of a synchronous machine) the electrical brush losses as per 3.13.3.5

Note 1 to entry:

to 7.1.3.2.1.5.

Note 2 to entry:

If the exciter can be decoupled and tested separately its losses can be determined according

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.

b)

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
exciter provides at the rotating power converter terminals.

the

Note 3 to entry: 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.
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Note 4 to entry: If the exciter can be decoupled and tested separately, its losses can be determined acco
to 7.1.3.2.1.

c) separate rotating exciter

exciter losses are the difference between the power absorbed by the driving motor, plus

rding

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 3.13.3.2 and 3.13.3.4. The exciter losses may be

determined according to 7.1.3.2.1.

d) static excitation system

static exciter

bxcitation system losses are the difference between the electrical power drawn from its
bower source, plus the power absorbed by separate auxiliary supplies, and the<¢exeitation
supplied as per 3.13.3.2 and 3.13.3.4.
Note 5 to entry: In the case of systems fed by transformers, the transformer losses shaflybe included ip the
bxciter losses.

e) excitation from auxiliary winding
buxiliary winding exciter
bxciter losses are the copper losses in the auxiliary (secondary) winding and the additipnal
ron losses produced by increased flux harmonics. The ,additional iron losses are|the
Hifference between the losses which occur when the auxiliary winding is loaded and when
t is unloaded.
Note 6 to entry: Because separation of the excitation compdnent of losses is difficult, it is recommendgd to
Consider these losses as an integral part of the stator losses' when determining overall losses.
n the cases c) and d) no allowance is made for the losses in the excitation source (if any)
br in the connections between the sourceand the brushes (synchronous machine) or
between the source and the excitation winding terminals (DC machine).
f the excitation is supplied by a system having components as described in b) to e)|the
bxciter losses shall include therelevant losses of the components pertaining to|the
categories listed in Annex B as-applicable.

3.13.3.4

sepprately supplied excitation power

Pie

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

osses i induction exciters) while a larger part of P is supplied via the shaft;

or gxgiter types c) and d) equal to the excitation circuit losses, Pig = Pg;

or exciter types-a) and b) the exciter excitation power (DC or synchronous exciter) or stator
vinding input:power (induction exciter). It covers a part of the exciter losses Pgy (and further

P4g = 0 for machines with permanent magnet excitation.

Exciter types shall be in accordance with 3.13.3.3.

3.13.3.5
brush losses (excitation circuit)

Py,

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

onéxciter type e) P.c =0, the excitation power being delivered entirely by the shaft. Also,
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3.13.4
load losses

3.13.4.1

load losses

P

sum of the winding (/2R) losses (see 3.13.4.2) and the electrical brush losses (see 3.13.3.5), if
any

3.13.4.2
winding losses
wingling losses are I2R losses:

— |n the armature circuit of DC machines;
— |n the stator and rotor windings of induction machines;
— |n the armature and field windings of synchronous machines

3.13.4.3

brugh losses {load-circuits)
Py
elegtrical brush loss (including contact loss) in the armature cifeuit of DC machines angd in
wouynd-rotor induction machines

3.13.5

additional load losses-(stray-load-losses)
P
losges produced in active iron and other-metal magnetic and conductive parts by alternafting
straly fluxes when the machine is loaded; eddyurrent losses in winding conductors caused by
loaq current-dependent flux pulsations and additional brush losses caused by commutatior]

Notel 1 to entry: These losses do not include thetadditional no-load losses of 3.13.2.2.

3.13.6
short-circuit losses
Pk sc
curnent-dependent losses in a'synchronous machine and in a DC machine when the armature
wingling is short-circuited

3.1
tes{ quantities <polyphase AC machines>
3.141

terminal voltage
for polyphase AC machines, the arithmetic average of line voltages

3.142
line current
for polyphase AC machines, the arithmetic average of line currents

3.14.3

line-to-line resistance

for polyphase AC machines, the arithmetic average of resistances measured between each pair
of terminals

Note 1 to entry: 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 to entry: In Clauses 6 and 7 explanations and formulae given are for three-phase machines, unless otherwise
indicated.
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3.14.4

temperature rise

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

4 Symbols and abbreviated terms

4.1 Symbols

CoS ¢ is the power factor!

f is the supply frequency, Hz
is the-average line current (average of all phases),

1 is th li t f all ph 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

Pq is the input power at no-load, W

Py is the input power, excluding excitation?, W

Py is the output power, W

Py, is the brush loss, W

Pp is the output power (shaft powg€r)vof a drive motor, W

Pg is the excitation circuit losses, W

PE is the excitation powerstpplied by a separate source, W

Py is the exciter lossesj'W

Py is the electrical power, excluding excitation, W

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

Pie is the jfron'losses, W

Py is_the friction and windage losses, W

P, is’the constant losses, W

P is the load losses, W

Py, is the residual losses, W

P is the additional-load losses, W

Py P is-the-short-circuit losses W

Prhech is the mechanical power, W

Pt is the total losses, W

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

R is a winding resistance, Q

1 This definition assumes sinusoidal voltage and current.

2 Unless otherwise indicated, the tests in this document are described for motor operation, where P, and P, are
electrical input and mechanical output power, respectively.
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Rah is the actual value of the auxiliary resistor for the Eh-star test (see 6.2.5),
Q

R'gp is the typical value of the auxiliary resistor, Q

R; is the field winding resistance, Q

R is the-average line-to-line-resistance (average of all phases), Q

Ry is the-average phase-resistance (average of all phases), Q

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

T 5 the machine torque, Nm

Ty is the reading of the torque measuring device, N-m

F—+—————is-the-torquecorrection, N-m

U is the-average terminal voltage (average of all phases), V

Uy is the terminal voltage at no-load (average of all phases), V

Un is the rated terminal voltage, V

X is the reactance, Q

Z=|R+jxX is the notation for a complex quantity (impedance as example)

Z =||z| = \/m is the absolute value of a complex quantity (impedance as example)

Z is the impedance, Q

a is a temperature coefficient

n is the efficiency

0o is the initial winding temperature, °C

0, is the ambient temperature, °C

0 primary coolant.nlet temperature, °C

Ow is the winding-temperature, °C

T is a timé.eonstant, s

4.2| Additional subscripts

The| following subscripts may be added to symbols to clarify the machine function and to

diff¢rentiate values:

Maghine components:

a armature

e exctaton

f field winding

r rotor

S stator

w winding

U,V,W phase designations
Machine categories:

B booster

o frmomenctor
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exciter
generator

motor

Operating conditions:

0
1
2

no-load
input

output

av

el

k sd

med

red

zpf

NOT]

5.1
Tes

a)

b)

c)

average, mean
dissipated
electrical
internal
short circuit
test load
locked rotor
h  mechanical
rated
at reduced voltage
test
zero power factor test
corrected to a reference coolant temperature.

E  Further additional subscripts are introduced .in kelevant subclauses.
Basic requirements

Direct and indirect efficienecy determination
fs can be grouped into the three following categories:
nput-output power measurement on a single machine. This involves the direct measure

bf electrical or meechanical power into, and mechanical or electrical power out of a mach

blectrical input'and output measurement on two identical machines mechanically conne
back-to-back.\This is done to eliminate the measurement of mechanical power into or ot
he maching;

Hetermination of the actual loss in a machine under a particular condition. This is usU
not the total loss but comprises certain loss components.

ent
ine;
tted
t of

ally

The

methods for determimimng the efficiency of Tmachines are basedom a number of assumpti

ns.

Therefore, it is not recommended that a comparison be made between the values of efficiency
obtained by different methods, because the figures may not necessarily agree.

5.2

Uncertainty

Uncertainty as used in this standard is the uncertainty of determining a true efficiency. It reflects
variations in the test procedure and the test equipment.

Although uncertainty-should shall be expressed as a numerical value, such a requirement needs

suff

icient testing to determine representative and comparative values.
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5.3 Preferred methods and methods for customer-specific acceptance tests, field-
tests or routine-tests

It is difficult to establish specific rules for the determination of efficiency. The choice of test to
be made depends on the information required, the accuracy required, the type and size of the
machine involved and the available field test equipment (supply, load or driving machine).

In the following, the test methods suitable for asynchronous and synchronous machines are
separated into preferred methods and methods for customer-specific acceptance tests, field-
tests or routine tests.

5.4 Power supply
5.4 Voltage

The| supply voltage shall be in accordance with 7.2 (and 8.3.1 for thermal tests) of
IEC|60034-1:20402022.

5.4.2 Frequency

Dur[ng tests, the average supply frequency shall be within £0,1 % _of\the frequency required for
the ftest being conducted.

5.5 Instrumentation
5.5/ General

Environmental conditions shall be within the recommended range given by them
instfument manufacturer. If appropriate, temperature corrections according to the :
instfument manufacturer's specification shall be*made.

Digital instruments shall be used whenever possible.

For|analogue instruments accuragy)is generally expressed as a percentage of full scale,[the
range of the instruments chosen shall be as small as practical.

Thelfull scale of the-eguipmrent instrument, particularly the current sensors, shall be adapted to
the power of the machine under test.

Forlanalogue instruments the observed values should be in the upper third of the instrunpent
range.

When testing” electric machines under load, slow fluctuations in the output power and other
megdsured) ‘quantities may be unavoidable. Therefore, for each load point many-samples
readlings (typically many hundred-samples readings) shall be taken automatically by a suit
digi i i ;
and this average shall be used for the determination of efficiency.

5.5.2 Measuring instruments for electrical quantities

The measuring instruments shall have the equivalent of an accuracy class of 0,2 in case of a
direct test and 0,5 in case of an indirect test in accordance with IEC 60051. The measuring
equipment shall reach a maximum overall uncertainty of 0,2 % of reading at power factor 1,0
and shall include all errors of instrument transformers or transducers, if used.

NOTE For a routine test as described in IEC 60034-1 an accuracy class of 0,5 is sufficient.

In the case of AC machines, unless otherwise stated in this standard, the arithmetic average of
the line currents and voltages shall be used.
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5.5.3 Torque measurement

Fhe-instrumentationused-to-measure-The torque measuring device shall have a minimum class
of 0,2. The minimum torque measured shall be at least 10 % of the torque meter’s nominal
torque. This applies also to part load measurements, because of increased instrument
uncertainty at small readings. If a better class instrument is used, the allowed torque range can
be extended accordingly.

NOTE For example class 0,1 means 5 % of the torque meter’s nominal torque.

VIGtor Toad Votor Elostcal
— oa | dynamometer
v T v Ty
Inline torque meter Cradle base construction

Allowed torque measuring device a¥é an inline torque meter or a reaction torque sensor between
the |[machine and its base. In_the latter case the machine is directly coupled to the load. See
Figyre 2.

Motor —|:}— Load Motor - Load
T ‘L T
Inline torque meter Reaction torque meter

IEC

Figure 1 — Torque measuring devices

It-has-te shall be noted that the temperature of the torque sensor (i.e.,-rear due to proximity to
the rotor), may be higher than the ambient temperature and is acknowledged to have a
significant contribution to overall uncertainty. In that case the contribution of temperature to the
uncertainty shall be limited to 0,15 % of full scale. If that is not practical, an appropriate
temperature correction-has-te shall be applied.

Parasitic loads should be minimized by shaft alignment and the use of flexible couplings.
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5.5.4 Speed and frequency measurement

The instrumentation used to measure supply frequency shall have an accuracy of £0,1 % of full
scale. The speed measurement should be accurate within 0,1 revolution per minute.

NOTE 1—S . PR . —1 50.

NOTE-2 For asynchronous machines, the measurement of slip by a suitable method may replace speed
measurement (see Annex C).

5.5.5 Temperature measurement

Thelinstrumentation used to measure temperatures shall have an accuracy of £1 K.

5.6 Units

Unlgss otherwise specified, the units of values are Sl-units as listed in IEC 60027-1.

5.7 Resistance
5.7 Test resistance

Winding resistance R is the ohmic value, determined by appropriate methods.

For[DC machines, R is the total resistance of all windings Carrying armature current (armatpre,
commutating commutation, compensating winding, conipound winding).

For|[DC and synchronous machines, R; is the field.winding resistance.

For|polyphase AC machines, R = R) is theldine-to-line average resistance of the statof or
armature winding according to 3.14.3. In the’case of wound rotor induction machines, R, | is{the
rotor line-to-line average resistance.

Thalmeasured recictance at the and of the thermal tect chall he datarmined - in g similar wahs tn

reHmeastectfreststahceatrthe eRcotrthetherfhaitesStShahbe-aeteriHRed a—SHAHAWalY-to
the lextranolation—procedure. gs. deseribed-in-8 62 33 of IEC B80034-1 _usina-the shodtest
meextaporatoR—proceadre-a5aescHoe o099 o0 1ETBYIs4—1—USHRGEe—SHOfest
noskible time - instead of thetime-interval snecified-in Table 5 therein—and-extranolatinato-zkbro
pospiotetHmeHhsteac-orthetHmehervar-SpectHeaHh—1abreothereihaRa-extapoatilgtoZero-

Thelmeasured resistaqce at the end of the thermal test shall be determined as soon as posgible
but hot after more thar’twice the interval as specified in Table 6 of IEC60034-1:2022. Additipnal
reaglings shall be.taken at intervals of approximately 1 min until these readings have begyn a
dist|nct declingrom their maximum value. A curve of these readings shall be plotted 3s a
fungtion of time and extrapolated to zero. The value of temperature thus obtained shal| be
conpidereg-as the temperature at shutdown.

Thel measured temperature of windings shall be determined according to 5.7.2.

5.7.2 Winding temperature

The measured winding temperature shall be determined by one of the following methods (shown
in order of preference):

a) temperature determined from the rated load test resistance Ry by the extrapolation
procedure as described in 5.7.1;

b) temperature measured directly by either ETD or thermocouple; if the temperature is
measured by more than one ETD or thermocouple, the average of all readings shall be
taken;
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c) temperature determined according to a) on a duplicate machine of the same construction
and electrical design;

d) when-if load capability is not available, determine operating temperature according to
IEC 60034-29;

e) when—if the rated load test resistance Ry cannot be measured directly, the winding

temperature shall be assumed to be equal to the reference temperature of the rated thermal
class as given in Table 1.

Table 1 — Reference temperature

Thermal class of the insulation system Reference temperature
°C
130 (B) 95
155 (F) 115
180 (H) 135

If the rated temperature rise or the rated temperature is specified @s-that of a lower therfmal
clags than that used in the construction, the reference temperature shall be that of the Igwer
thermal class.

Motprs that are subject to check testing for regulatory purposes are not to be dismantled. In
that|case, measurement of winding temperature shall be by the change of resistance methpd;

5.73 Correction to reference coolant temperature

When-If required, the winding resistance valués recorded during test shall be referred {o a
standard reference temperature of 25 °C. The’correction factor to adjust the winding resistgnce
(and the slip in the case of cage induetion machines) to a standard reference cooqlant
temperature of 25 °C shall be determined‘by

_235+0,, +25-0, 1
-~ 235440, (1)

0

where
kg |is the temperature correction factor for windings;

is the-iple primary coolant temperature during test;

is theswinding temperature according to 5.7.2.

Theltemperature constant 235 is for copper; this should be replaced by 225 for aluminium

conductors.

For machines with water as the primary or secondary coolant, the water reference temperature
shall be 25 °C according to Table 5 of IEC 60034-1:20402022. Alternative values may be
specified by agreement.

5.8 State of the machine under test and test categories

Tests shall be conducted on an assembled machine with the essential components in place, to
obtain test conditions equal or very similar to normal operating conditions.

For handling of sealing systems for efficiency classification related measurements see
IEC 60034-30-1.
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NoTE4+—It is preferable that the machine be selected randomly from series production without
special considerations.

are performed with delay, then the specmedthermal cond|t|ons shall be re- establlshedprlc r to
obtaining the test data.

For|machines with adjustable brushes, the brushes shall be placed in the position. €orresponding
to the specified rating. For induction motors with wound rotor having a brush lifting device,|the
brughes shall be lifted during tests, with the rotor winding short-circuited. For"measuremeénts
on no-load, the brushes shall be placed in the neutral axis on DC machin€s?

Formachines having brushes, during the rated load test, and prior to. @9y measurement, a visual
insgection shall be done to check if the brushes are fully bedded, and a proper skip is
devgloped.

The|bearing losses depend on the operating temperatures-ef the bearings, the type of lubri¢ant
and|lubricant temperature.

When-If the losses in a separate lubricating system. of bearings are required these should be
listgd separately.

In the case of motors which are furnished<with thrust bearings, only that portion of the thrust
beafing loss produced by the motor itselfishall be included in the total losses.

Friction losses due to thrust load mray be included by agreement.

If the tested machine uses.direct flow cooling of the bearings, these losses are distribyited
between the tested machine/and any other one coupled to it mechanically, such as a turbjine,
in groportion to the masses of their rotating parts. If there is no direct flow cooling,|[the
distfibution of bearing-lesses shall be determined from empirical formulae by agreement.

5.9 Excitation circuit measurements

Determination of voltage U, and current I, (see 3.13.3.2) depends on the configurations off the

excltation system (see 3.13.3.3). Where applicable, test data shall be recorded according to the
following:

a) for machines excited by shaft driven, separate rotating, static and auxiliary winding exciters
(see 3.13.3.3 a), c¢), d) and e)), voltage U, and current I, are measured:
— at the excitation winding terminals of DC machines;
— at the field winding slip-rings of synchronous machines;

b) for machines excited by brushless exciters (see 3.13.3.3 b)), test data shall be recorded by
either of the following methods:
— voltage U, measured using auxiliary (provisional) slip-rings connected to the field
winding ends. From the voltage and resistance R, determine the field winding current
I :%:%. The field winding resistance is to be measured after switching off the
e f
machine using the extrapolation procedure according to 5.7.1;
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— voltage U, and current I, measured using power slip-rings suitable for direct
measurement of field winding current.

NOTE The difference between U, and U; (voltage drop of brushes) is in practice almost negligible.

Voltages and currents shall be measured at stabilized temperatures.

The excitation circuit losses P, are determined according to 7.1.3.2.1.5 (synchronous
machines) or 8.3.2.1.5 (DC machines).

5.1 Ambient temperature during testing

e in the range of 15 °C t0-30 40 °C-foratleastthedlast hour

6 |Test methods for the determination of the efficiency of induction machines

6.1 Preferred testing methods
6.1.1 General

Thig document defines three different preferred methods with.lew uncertainty within the given
ran*e of application, see Table 2. The specific method to be used depends on the type or rating
of the machine under test:

Method 2-1-1A: Direct measurement of input and odtput power by using a-dynamemeter torque
medsuring device. To be applied for all single phase machines.

Method 2-1-1B: Summation of separate losses. Additional load loss determined by the method
of r¢sidual loss. To be applied for all three, phase machines with rated output power up to 2 MW.
Seg also Annex D.

Method 2-1-1C: Summation of separate losses. Additional load loss determined by the method
of alssigned value. To be applied-for all three phase machines with rated output power grepter
thanp 2 MW.

Table:2- Induction machines: preferred testing methods

Reference Method Description Subclause Application Required faciljty
2-1H1A Direct Torque 6.1.2 All single phase Dynamometer
measurement: measurement machines Torque measuring

device for full-lgad
Input-output

2-1H1B Summation of P, determined 6.1.3 Three phase Dynamometer
losses: from racidual loce machines with Torgue measuring

i rated output power | device for 1,25
Residual losses up to 2 MW x full-load, or load

machine for 1,25 x
full-load with
torque-meter
measuring device

2-1-1C Summation of P, from assigned 6.1.4 Three phase
losses: value machines with

. rated output power
Assigned value greater than 2 MW
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6.1.2 Method 2-1-1A — Direct measurement of input and output
6.1.2.1 General

This is a test method in which the mechanical power P .., Of a machine is determined by
measurement of the shaft torque and speed. The electrical power P of the stator is measured
in the same test.

Input and output power are:

in motor operation: Py = Pgj; Py = Prechy (€€ Figure 2); (2)
in generator operation:  P1 = Ppgen; Po = Pg (3)
P, I

e IEC
Figure 2 — Sketch for torque measurement test

Forfan overview, Figure 3 provides a flowchart for efficiency determination by this test method.
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Direct measurement

l

Dynamometer
test

l

Efficiency

IEC 1673/14

I Direct measurement l

l

Output power by torque
measurement device

l

| Efficiency

6.1.2.2 Test procedure

IEC

Figure 3 — Efficiency determination‘according to method 2-1-1A

Coyple the machine under test to a Ipad machine with torque-meter—or—a—dynamompter
megsuring device. Operate the machine’Under test at the required load until thermal equilibfjium

is aghieved (rate of change 1 K or less per half hour).

Redord U, I, P, n, T, 0.

Imnjediately after the test, the drift of the torque measuring device shall be checked. In casfe of
a deviation above thesallowed tolerance of the torque measuring device, adjust it and repeat

the mmeasurementsy

6.1.2.3 Efficiency determination

The| efficiency is:

Input power P; and output power P, are:

in motor operation: Py = Pgj; Py = Prechs

(4)

(5)
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in generator operation: P{ = Ppgch: P2 = Py (6)

where

2T x T %X p (7)

mech ~

6.1.8 Method 2-1-1B — Summation of losses, additional load losses according to'the
method of residual loss

6.1.3.1 General

Thig is a test method in which the efficiency is determined by the summation of'separate losses.
The|respective loss components are:
— |ron loss;

— Wwindage and friction losses;

— ptator and rotor copper losses;

— fpdditional load losses.

Forlan overview, Figure 4 provides a flowchart for efficieney determination by this test method.
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| Indirect measurement ‘

Separate losses

i

Winding resistances at ambient temperature

i

6.1.3.2.1 Rated load test
Winding resistances at rated load test

i

6.1.3.2.2 Loadlosses

Stator and rotor winding losses

i

6.1.3.2.3 Load curve test
with torque measurement and

measurement of winding resistances

l

6.1.3.2.4 No-load test
Winding resistances at no-load test

l

6.1.3.2.5 Constantlosses

Friction and windage losses

Iron losses

i

6.1.3.2.6 Additionalload losses
from residual loss

6:1.3.3 Total losses

IEC 1674/14
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‘ Indirect measurement ‘

l

‘ Separate losses ‘

l

Winding resistances at ambient temperature

l

6.1.3.2.1 Rated load test
Winding resistances at rated load test

l

6.1.3.2.2 Load losses
Stator and rotor winding losses

l

6.1.3.2.3 Load curve test
with measurement of torque, speed
and winding resistances

l

6.1.3.2.4 No-load test
Winding resistances at no<lead test

l

6.1.3.2.5, Constant losses
Friction*and windage losses
Iron losses

l

6.1.3.2.6 Additional load losses
from residual loss

l

\ 6.1.3.3.1 Total Iosses‘

l

| 6.1.3.2.2 |

IEC

Figure 4 — Efficiency determination according to method 2-1-1B

6.1.3.2 Test procedure
6.1.3.2.1 Rated load test

Before this load test, measure the temperature and the winding resistance of the motor with the
motor at ambient temperature.

The machine shall be loaded by suitable means with rated output power and operated until
thermal equilibrium is achieved (rate of change 1 K or less per half hour). Record the following
quantities:

- P1aT!11 Uanaﬁecae;

— Ry = R (the test resistance for rated load according to 5.7.1);
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— 0 (the winding temperature at rated load according to 5.7.2).

Immediately after the load test, the drift of the torque transducer-should shall be checked. In
case of a deviation above the allowed tolerance of the transducer, adjust it and repeat the
measurements.

6.1.3.2.2 Load losses
6.1.3.2.2.1 Stator-winding losses and temperature correction

The uncorrected stator-winding losses at rated load are:

P, =15xI%xR (8)

whdre I and R are determined in 5.7.1.

Determine the stator-winding losses, using the stator winding resistance Ry from the rated load
test] corrected to a reference coolant temperature of 25 °C:

Fs o = Is < kg (9)

whgre kg is the correction according to 5.7.3 for the stator winding.

6.1.3.2.2.2 Rotor winding losses anddemperature correction

For|the uncorrected rotor winding losses-use the formula:

B =(Py-F - B )xs 10)

whedre

pxn

s=1-

11)

P4, wand £ are according to the rated load test;

according to the load test as stated above;

Pse is according to 6.1.3.2.5.

The corrected rotor winding losses are determined using the corrected value of the stator
winding losses:

) =(P1 —FKo—he )Xse

where

o is according to 6.1.3.2.5 for a reference coolant temperature of 25 °C;
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sg =sxkg is the slip corrected to a reference coolant temperature of 25 °C (see 5.7.3);

kg

6.1.

is the correction according to 5.7.3.

3.22.3 Temperature correction of input power (for a motor)

With the corrected stator and rotor winding losses, the corrected input power is:

Ry=PR—(R—Rg+PR-Pp)

(12)

6.1.
Thig

3.2.3 Load curve test

temperature.

If th
the

at is not possible, prior to the start of recording data for this test, theltemperature ris

temperature test.

App
125
quid

NOT
furth

Sup

Mes
and
use

kly as possible to minimize temperature changes in thesmachine during testing.

Er evaluation of the residual losses is limited.

ply frequency variation between all points_shall be less than 0,1 %.

reading before the test for the highest load and after the lowest reading for 25 % load.

NOT]|

test shall be carried out immediately after the rated load test with the motar|at operating

e of

windings shall be within 5 K of the initial temperature rise 6y, obtained from a rated load

ly the load (shaft power) to the machine at the following.six load points: approximgtely
%, 115 %, 100 %, 75 %, 50 % and 25 % of rated load. These tests shall be performed as

FE 1 As an indication, the applied load may vary by * 5/4%\ffom the figures given above. The impact on the

sure R before the highest and after the lowest load reading. The resistance for 100 % load
higher loads shall be the value determined before the highest load reading. The resistance
i for loads less than 100 % shall then be determined as varying linearly with load, using|the

F 2 Resistances may also pe determined by measuring the stator winding temperature using a temperagure-

sensjing device installed on the winding. Resistances for each load point may then be determined from meadured

resig
relat]

Rec

S

The

lon to the—resistance andtemperature of the winding measured before the start of the test.

ord for each load point: U, I, Py, n, f, T.

indD |

stator-winding losses at each of the load points are:

tance before load curventest multiplied with the ratio of the temperature of the winding at that load poipt-in

whe

P, =15xI%xR

re I and R are determined according to 6.1.3.2.2 for each load point.

R indingl

For

the rotor winding losses for each of the load points use the formula:

(13)

B =(P; =P~ PR )xs (14)
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where

pxn

s=1-

Py, nandf are according to the load curve test;

P

is apnnrding to the load curve test as stated above:

S

Pfe

6.1

The

Altég]
are
att

Tes

The
of v

Red
Det

The
the

NOT
tov

NOT]
a ten

B8.2.4 No-load test

is according to 6.1.3.2.5.

vo successive 30 min intervals.

I at the following eight values of voltage, including rated yoltage, so that:
letermination of iron losses;

Hetermination of windage and friction losses.

bltage.

ord at each of the voltage values:\Uy, Iy, Py.

ermine the resistance R immediately before and after the no-load test.

interpolated winding resistance of each voltage point shall be calculated by interpolat
Fesistances beforejand after the test linearly with the electrical power Py.

ery low resistances, calculated values are permissible.

hperature-sensing device installed on the winding. Resistances for each voltage point may then be deternfi

from

measured resistance before no-load test multiplied with the ratio of the femperature of the winriing at thatl|

point-inrelation to the-resistance-and temperature of the winding measured before the start of the test.

For

6.1.
6.1.

a coupled machine, P, is determined from T and n.
3.2.5 Constant losses
3.2.5.1 General

no-load test shall be carried out on a hot machine immediately after the load curve test.

(15)

rnatively, the test may also be carried out with stabilized no-load losses” The no-load lodses
considered stabilized when the no-load power input varies by 3 % ’af less, when measyred

he values at approximately 110 %, 100 %, 95 % and 90“% of rated voltage are used forthe

he values at approximately 60 %, 50 %, 40 %<and 30 % of rated voltage are used for|the

test shall be carried out as quickly as possible with the readings taken in descending ofder

ng

E-+—For induction machines R is R 5. Where resistance measurement is impracticable [due

F-2, lnja-e—machines—Resistances may also be determined by measuring the stator winding temperature ysing

ned
oad

Subtracting the no-load winding losses from the no-load input power gives the constant losses
that are the sum of the friction, windage and iron losses. Determine the constant losses for
each value of voltage recorded.
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Fo=FR—-F=hFy+h (16)

where

P, =15x1I§ xRyp (17)

with R o being the interpolated winding resistance at each voltage point.

6.1.3.2.5.2 Friction and windage losses

From the four or more consecutive no-load loss points between approximately 60 % of volfage
and|30 % of voltage develop a curve of constant losses (P_) against the voltage squared (U02).

Extlapolate a straight line to zero voltage. Determine the intercept~at zero voltage, which is
considered the friction and windage losses Py, at approximately synchronous speed.

6.1.3.2.5.3 Iron losses
From the values of voltage between approximately 90 % and 110 % of rated voltage, develgp a
curye of R, = R, — B, against voltage Uj,.

To fletermine the iron losses at full load the inner voltage U; that takes the resistive volfage
drop in the primary winding into account shall’be calculated:

2 2
Ui=\/(U—§~I~R~COS¢] +[§-1-R-sin(pj for a motor 18)
2 2
Ui=\/(U+§-I-R-COS(pJ +[§~I~R~sin¢j for a generator 19)

WhTre

cossz; Sin(p=\/1—0032(p (20)

\/§><U><I

U, P4, I and R are from the load test according to 6.1.3.2.1.

The iron losses at full load shall be interpolated from the iron losses over voltage U, curve at
the voltage U;.

NOTE-+ The iron losses at full load may be calculated by using the ratio (l:HtUi/UN)2 applied to the iron losses at no-
load.
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NoTE2—Because the stator leakage inductance is unknown, the voltage is only considering the
resistive voltage drop. Due to the low power factor at no-load, the resistive voltage drop is
negligible during the measurement itself and shall only be taken into consideration for the load
values.

6.1.3.2.6 Additional load losses P| |
6.1.3.2.6.1 Residual losses P,

The residual losses shall be determined for each load point by subtracting from the input power:
the mechanical output power, the uncorrected stator winding losses at the resistance of the
test] the adjusted iron losses, the corrected windage and friction losses, and the uncorre¢ted
rotor winding losses corresponding to the determined value of slip.

Thel iron losses at each load point shall be interpolated from the iron losses over/voltagg U,
curye at the voltage U; for the respective load point.

Ry =B =P =R ~F-Be—By; 21)
P, =2z-T-n for a motor and A =2z-T-p\for a generator. 22)

whdre
wa :Pf\NO'(1_S)2,5 with S=1—p;n 23)

are [the corrected friction and windage losses.

6.1.3.2.6.2 Smoothing.of the residual loss data

Thelresidual loss data.shall be smoothed by using the linear regression analysis (see Figurg 5)
baspd on expressingthe losses as a function of the square of the load torque according to[the
relationship:

R, =AxT?+B 24)

A and B are constants determined from the six load points using the following formulas:

N i-Y(P -TZ)—ZPL, 372
DI R

A is the slope according to (25)
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2
B is the intercept according to B= Z.P” -4 ZT (26)
1 1

i is the number of load points summed.

The intercept B should be considerably smaller (< 50 %) than the additional load losses P, at
rated torque. Otherwise the measurement may be erroneous and should be checked.

NOTE The intercept B may be positive or negative. Figure 5 shows an example for positive intercept B.

Pird ® from measurements
P

P, =AT2+B

/ PLL = AT2
m" (slope = 4)

72
IEC

Figure 5 — Smoothing-of the residual loss data

The| correlation coefficient is calculated.as

x(P, T?)-(2h,)-(27°)
-
st -rf et e )

27)

If the correlation coefficient y is less than 0,95, delete the worst point and repeat|the
regfession. If yincreases to = 0,95, use the second regression; if y remains less than 0,95 [the
test|is unsatisfactory and errors in the instrumentation or test readings, or both, are indica{ed.
The|souree-of the error should be investigated and corrected, and the test should be repeated.
In cpse ‘of/ sufficient test data, a correlation coefficient of 0,98 or better is likely.

When-If the slope constant 4 is established, a value of additional load losses for each load point
shall be determined by using the formula:

R =AxT? (28)

6.1.3.3 Efficiency determination
6.1.3.3.1 Total losses

The total losses shall be taken as the sum of the adjusted iron losses, the corrected friction and
windage losses, the load losses and the additional load losses:
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Pr :Pfe+wa+Psﬁ+Pr()+H_La

where

are

6.1

2
By = Byo - (1-59)%°

(29)

(30)

the corrected friction and windage losses.

B.3.2 Efficiency

Thel efficiency is determined from

_Be-Pr B
Be B+

NOTE Usually, the first expression is preferred for a motor, the second‘one for a generator.

whedre

P4 g s the temperature corrected input power from the rated load test;

As
For

is the output power from the rated loaddest.

U Method 2-1-1C — Summation _of‘losses with additional load losses from

assigned allowance

6.1.’E.1 General

ethod 2-1-1B, this test'method determines efficiency by the summation of separate los
the reason that full loadtesting as required by method 2-1-1B is in general not practica

ratipgs above 2 MW, thissmethod is based on a load test with reduced voltage and an assig

valy

e for the additionalioad losses. Therefore the full load test and the load curve test are

reqliired for method 2-1-1C.

Apadrt from this, method 2-1-1C is similar to method 2-1-1B.

For

31)

5€es.
for
ned
not

an-overview, Figure 6 provides a flowchart for efficiency determination by this test metTod.
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‘ Indirect measurement ‘

Separate losses

l

| Winding resistance at ambient temperature |

l

| 6.1.4.2.1 Load test at reduced voltage |

l

6.1.4.2.2 Loadlosses

Stator and rotor winding losses

including temperature correction

l

‘6.1.4.2.3 No-load test ‘

l

6.1.4.2.4 Constantlosses

Friction and windage losses

Iron losses

l

6.1.4.2.5 Additional Joad losses
from assignedwalue

l

| 6.44.3 Total losses |

l

‘ Efficiency ‘

IEC 1675/14
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‘ Indirect measurement ‘

Separate losses

l

| Winding resistance at ambient temperature |

l

|6.1.4.2.1 Load test at reduced voltage|

l

6.1.4.2.2 Load losses
Stator and rotor winding losses
including temperature correction

l

\ 6.1.4.2.3 No-load test‘

l

6.1.4.2.4 Constant losses
Friction and windage losses
Iron losses

l

6.1.4.2.5 AdditionalMoad losses
from assigned value

l

[6.1.4.3.1 Total Iosses|

l

| 6.1.4.3.2 Efficiency |

IEC

Figure 6~ Efficiency determination according to method 2-1-1C

6.1.4.2 Test.procedure

6.1.4.2.1 Load test at reduced voltage

For|large machines which cannot be tested at full load, the load test at reduced voltage ig an
appropriate method. The Tollowing are required: a load test wi € machine acting as a motor
at reduced voltage U,q at rated speed, a no-load test at the same reduced voltage U,.4, and a

no-load test at rated voltage and rated frequency.

Using this method, it is assumed that at reduced voltage, while keeping the speed constant,
currents diminish as the voltage and power diminishes as the square of the voltage.

Operate the machine using the maximum available load with a decrease in voltage to achieve
rated speed. Operate to achieve thermal equilibrium.

At reduced voltage, record: Ueq, Ireq: P1red: Loredr €OS(Qgreq)-

At rated voltage and no-load, record: Uy, I, cos(¢).
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From the result of such a test calculate the current under load and the absorbed power at rated
voltage:

U,
L= Ligg—t-+ 41y (32)
Ured
where
. . U .
ALy =—j(|Lo] sin gg — |£o,red|U—N SiNgp red) 33)
red
U 2
N
A :P1,redx[U ] 34)
red

NOTE Underlined current symbols indicate vectors (see Figure 7).

By means of the values I and P, thus determined, and-with the slip measured at redyced
volthge, it is possible to calculate the load losses, sifilar to a load test at rated voltage.

Re A

+] Al
IEC

Figure 7 — Vector diagram for obtaining

current vector from reduced voltage test

6.1.4.2.2 Load losses

The determination of load losses is similar to 6.1.3.2.2.

6.1.4.2.3 No-load test

The no-load test shall be carried out on a hot machine immediately after the load test.

The no-load test is similar to 6.1.3.2.4.
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6.1.4.2.4 Constant losses
The determination of the constant losses is similar to 6.1.3.2.5.
6.1.4.2.5 Additional load losses P |

The value of additional load losses P|| at rated load shall be determined as a percentage of
input power P4 using the curve in Figure 8.

3
Additional
load losses
in % of
input power
P
{—LLJ x 100 N
P1 \
N
N
2 h
\\
\\
\
N
X
\
1 N
\\
\\
N
N
0
0,1 1 10 100 1000 10000 100 000
Rated output P, (kW)
Figure 8 — Assigned allowance for additional load losses P,
The| values of the curve may be described by the following formulas:

for P, < 1 kW R =P x0,025

for 1 kW < P, <10 000 kW R, = A x{o,ozs—o,oos logso (%ﬂ

for P, = 10 000 kW R, = P x0,005
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For other than rated loads, it shall be assumed that the additional load losses vary as the square
of the primary current minus the square of the no-load current:

2 _ 12
0

P (1) = P(Iy) X R
IN _ION

NOTE The curve does not represent an average but an upper envelope of a large number of measured values, and
may in most cases yield greater additional load losses than 6.1.3.

6.1.4.3 Efficiency determination

6.1.|4.3.1 Total losses

The] total losses shall be taken as the sum of constant losses, load losses and additional load
losges:

Pr=R+P+FR+R_ 35)
6.1.4.3.2 Efficiency
Thel efficiency is determined from
P -P P
=T _ 2 36)
P P+

NOTE Usually, the first expression is preferred for a’motor, the second one for a generator.
6.2| Testing methods for field or_routine-testing
6.2/ General

Theise test methods may be,used for any test, i.e. field-tests, customer-specific acceptance
testp or routine-tests.

In afddition, preferred-methods of Table 2 may also be used outside the power range identified
in Table 2.

Methods defined by this document are given in Table 3.
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Table 3 — Induction machines: other methods

Reference Method Description Subclause Required facility
2-1-1D Dual-supply-back-to-back | Dual-supply, back-to-back 6.2.2 Machine set for full-load;
test two identical units
2-1-1E Single-supply-back-to- Single-supply, back-to- 6.2.3 Two identical units
back back test (wound rotor)
2-1-1F Reverse rotation P, from removed rotor 6.2.4 Auxiliary motor with rated
and reverse rotation test power up to 5 x total
losses
2-1FTG En-star P [Ton EN-star 1est .25 Windmg shatt be
connected in star
connection.
2-1H1H Equivalent circuit Currents, powers and slip 6.2.6 If test equipment for other
from the equivalent circuit tests is not available (rfo
method, P, from possibility of applying
assigned value rated .Ioad, no duplicat¢
machine)

6.2.2 Method 2-1-1D — Dual supply back-to-back-test
6.2.2.1 General

Forfan overview, Figure 9 provides a flowchart for efficiency determination by this test method.

Direct measurement

|

Dual-supply
back-to-back
test

l

’ Efficiency ‘

IEC
Figure 9— Efficiency determination according to method 2-1-1D

6.2.2.2 Test-procedure

Meghanically, couple two identical machines together (see Figure 10).

Tesks~are made with the power supplies exchanged but with the instruments and instrument

transformers remaining with the same machine.

Py, Iy —— —— Py, Ig

Mo SG
v Un (—}—-;-{) Jo Us

— — IEC

Figure 10 — Sketch for dual supply back-to-back test
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Connect the driven machine (induction generator) terminals to either a machine set or a
converter, supplying reactive power and absorbing active power. Supply one machine (the
motor for motor rating, the generator for generator rating) with rated voltage and frequency; the
second one shall be supplied with a frequency lower than that of the first machine for generator
operation or higher for motor operation. The voltage of the second machine shall be that

required to result in the rated voltage-to-frequency ratio.
Reverse the motor and generator connections and repeat the test.

For each test, record:

- Uwms Im» P1, fu» sy for the motor;
- Ug Ig: P2 fa, sg for the generator;
-y

c:

6.2.2.3 Efficiency determination

When-If identical machines are run at essentially the same rated condjtions, the efficiency s
be galculated from half the total losses and the average of motor inpui-power-ef-the-metor

gengrator output power as follows:

whdre

1
Br=2(h-F)

6.2.3 Method 2-1-1E - Single supply back-to-back-test
6.2.3.1 General

hall
and

37)

38)

Forfan overview,igure 11 provides a flowchart for efficiency determination by this test method.

Indirect measurement

l

Single-supply
back-to-back
test for wound
rotor induction
machines

Efficiency

IEC

Figure 11 — Efficiency determination according to method 2-1-1E
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6.2.3.2 Test procedure

This test is applicable to wound-rotor induction machines. Mechanically couple two identical
machines together and connect them both electrically to the same power supply so as to operate
at rated speed and rated voltage, one as a motor and the other as a generator.

The rotor winding of the motor shall be short-circuited and the rotor winding of the generator
shall be connected to a polyphase supply suitable to deliver rated rotor current at slip-
frequency. The desired motor-power will be achieved by adjusting frequency and current of the
lower frequency power supply.

For|each test, record:

- U, Py, 14 of the power-frequency supply;
- U, I, P, of the low-frequency supply;

— P\ absorbed at the motor terminals;

— Pg delivered at the generator terminals;
- b
6.2.3.3 Efficiency determination

When-If identical machines are run at essentially rated conditions, the efficiency is calculated
by gssigning half the total losses to each machine.

Calgulate the efficiency from

whdre

Py |is the power absorbed atthe terminals of the machine acting as motor;

P |is the total losses, defined as half the total absorbed, for wound-rotor induction machines

as follows: Pr =%(P1 +R)

6.2.4 Method 2-1-1F — Summation of losses with additional load losses determined
by 'test with rotor removed and reverse rotation test

6.2.|4.1 General

As method 2-1-1B, this test method determines efficiency by the summation of separate losses.
But in this case the additional load losses are determined by a combination of two individual
tests: the test with rotor removed and the reverse rotation test. Apart from that, method 2-1-1F
is similar to method 2-1-1B.

For an overview, Figure 12 provides a flowchart for efficiency determination by this test method.
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| Indirect measurement |

Separate losses

l

Winding resistance at ambient temperature

l

6.1.3.2.1 Ratedload test

Winding resistance at rated load test

l

6.1.3.2.2 Loadlosses

Stator and rotor winding losses

v

6.1.3.2.4 No-load test
Winding resistances at no-load test

l

6.1.3.2.5 Constantlosses

Friction and windage losses

Iron losses

l

6.2.4.2 Additional loadlosses
from test with rotor femoped and
reverse rotation‘test

!

| 6.24.3 Total losses ‘

l

| Efficiency ‘

IEC 1678/14
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| Indirect measurement |

Separate losses

l

Winding resistance at ambient temperature

6.1.3.2.1 Rated load test

Winding resistance at rated load test

l

6.1.3.2.2 Load losses
Stator and rotor winding losses

l

6.1.3.2.4 No-load test
Winding resistances at no-load test

l

6.1.3.2.5 Constant losses
Friction and windage losses
Iron losses

l

6.2.4.2 Additional load losses
from test with reterremoved and
reverse-rotation test

l

(6:2:4.3.2 Total losses

l

16.2.4.3.3 Efficiency |

IEC
Figure 12 .~ Efficiency determination according to method 2-1-1F

6.2J4.2 Test procedure

Apart from the{determination of the additional load losses, the same procedures as in 6.1{3.2
shall be applied, except that the torque does not need to be measured-roerrecorded.

The| reéquired combination of tests for the determination of the additional load losses ig as
follows:

a) with the rotor removed (for the fundamental frequency additional losses);
b) with the machine rotating at synchronous speed opposite to the magnetic field, driven by
external means (for the higher frequencies losses).

During both tests, the stator shall be supplied by a balanced polyphase current of rated
frequency for four currents between 25 % and 100 % rated current, and two currents above and
of not more than 150 % rated current. Calculate the (rotor) load current I, :

I =\1?-1¢ (40)
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where
1 is the value of stator current during the test giving a desired load current;
Iy is the no-load current at rated voltage.

NOTE Due to lack of cooling, the current is usually limited to 125 % or 115 % for 2-pole machines to reduce the
risk of overheating.

6.2.4.2.1 Test with the rotor removed

For this test, all parts in which eddy currents might be induced, for example end shields and
bearing parts _shall be in place Apply load current

Forleach load current, record (symbols indexed "rm"): Py rms Il rms Rem Qw‘rm..

6.2.4.2.2 Reverse-rotation test

For|this test, couple a completely assembled machine to a driving motor with an oupput

cappbility of not less than rated total loss and not more than five tlmes the rated losses of| the

maghine to be tested. , oyver:
|

FaYadd
oo

u a
ed ten times - the tora
eatentHnResthetorgqd uulluuywlvnls tothe

ound-rotor machines, the rotor terminals shaII be sHort-

its Mmaximum-tora
RS—HaxHndm—torgd } }

of the—machinetobetested- For
circpited.

Drie the machine under test at synchronous speed in the direction reverse to the rotation when
fed jn normal phase sequence:

a) ithout voltage applied to the stator until friction\losses are stabilized. Record: Py [ supglied
by the driving machine at 7 = 0;
b) with voltage applied to the stator to obtaisstator current values equal to those for the ftest
with rotor removed. For all test currents; record (symbols indexed "rr"): 1| ., Ry, Py ;9
or the test motor; Pp . of the drive motor.

w,rr

NoTE—The low power factor of the(tests may require a phase error correction to all wattmpter

reatngs
6.2.4.3 Efficiency determination
6.2.4.3.1 Additionalload losses

Smgoth the test vatues of the stator powers A ., and P ., and the shaft power (PD’rr — By ) by

applying a redression analysis to the log of powers and currents, resulting in the relationships
belqw:

Popn= Ay x ANV B P = A IV B (R Ry )=Ap ™ v By, (41)

The smoothed powers will then be as follows:

N1. N2. N3
Piym = Aim X175 B o = Ag X177, (PD,rr _R),rr) =Aprx1 (42)

If the data are accurate, each curve will show a close square-law relationship between power
and current.
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The additional load losses are: R| =R ., +R| , Where for each test current:

Rim=Pm —(3><12 XRs,rm) is the fundamental frequency loss (43)

where
Rsm Is the stator phase resistance referred to the average of the temperatures 6,y ,;
Ril=(Bon —Po,rr)—(P1,rr ~ R m —(3><12 xRS,,.,.) ) is the higher frequencies loss
whdre
Rs 4 is the stator phase resistance referred to the average of the temperatures,oy, .. -
Theladditional load loss at a specified operating point can be determined in the following steps.
a) [alculate an approximate value for the rated load current I corresponding to the rated
balue of stator line current:
InL =AIR - 18 44)
where
[\ is the rated value of stator line current;
[0 is the value of no-load stator current.
-or the value of load current I, calculate a rated value of stray load loss Py | as follgws:
N3 N1 N2 2
RILL = Aprr X INL *24m X INL = A x INL = 6101 % (Rerm — 0,5Rgyy ) 45)
b) PLalculate the value ef load current /| at any operating point:
I =\I? -1 46)
where
s the stator line current at the npnrafing pnin’r
c) Calculate the stray load loss P| | at the operating point:
I 2
L
AL =R X[l—] (47)

NL
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6.2.4.3.2 Total losses
The total losses shall be taken as the sum of constant losses, load losses and additional load
losses:
Pr=R+K+R+R (48)
6.2.4.3.3 Efficiency
Thel efficiency is determined from
B -P P
_ha-rmr 2 49)
P] P2 +PT

6.2.

6.2.

re

is the input power from a rated load test;

is the output power.

5 Method 2-1-1G — Summation of losses with additional load losses determine
by Eh-star method

5.1 General

As method 2-1-1B, this test method determines efficiency by the summation of separate los

But
met

For

in this case the additional load losses:are determined by the Eh-star test. Apart from f{
hod 2-1-1G is similar to method 2-1-1B.

5es.
hat,

an overview, Figure 13 provides\a flowchart for efficiency determination by this test method.
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| Indirect measurement |

Separate losses

l

Winding resistance at ambient temperature

l

6.1.3.2.1 Ratedload test

Winding resistance at rated load test

l

6.1.3.2.2 Loadlosses

Stator and rotor winding losses

l

Winding resistances at no-load test

l

6.1.3.2.5 Constantlosses

Friction and windage losses

Iron losses

l

6.2.4.2 Additional loadlosses
from test with rotor femoped and
reverse rotation‘test

!

‘ 6.24.3 Total losses |

l

| Efficiency |

IEC 1678/14
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| Indirect measurement |

Separate losses

l

Winding resistance at ambient temperature

l

6.1.3.2.1 Rated load test

Winding resistance at rated load test
9

l

6.1.3.2.2 Load losses
Stator and rotor winding losses

l

6.1.3.2.4 No-load test
Winding resistances at no-load test

l

6.1.3.2.5 Constant losses
Friction and windage losses
Iron losses

l

6.2.5.2 Additional load losses
from Eh-star test

|

| 6.2.5.3:3 Total losses |

l

| 6.2.5.3.4 Efficiency |

IEC
Figure 13 — Efficiency determination according to method 2-1-1G

6.2.5.2 Test procedure

Apdrt from the determination of the additional load losses, the same procedures as in 6.1(3.2
shal|l be applied.

The| procedure for the determination of the additional load losses requires operating|the
uncpupledsmotor with unbalanced voltage supply. The test circuit is according to Figure 14{

Motors tated for and connected In delta-connection shall be reconnected 10 star-connection
during this test. The star-point shall not be connected to system neutral or earth, to avoid zero-
sequence currents.

The third motor-phase shall be connected to the power-line by means of a resistor R, (see
Figure 14) having approximately the following typical value:

, U,
for motors rated for star-connection: Ren =\/§—N1-0,2 (50)
“IN
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,_\3-Uy

for motors rated for delta-connection: Rgp =

-0,2
- (51)

The resistor Ry, used during the test shall be adjusted so that the positive sequence current
Iy stays below 30 % of negative sequence current o) and the speed stays in the range of

typical motor speeds near rated speed (see below). It is recommended to begin the test with an
actual resistor R_,, that differs no more than 20 % from the typical value R._,..

. L * L
Uuv
P
o v -
®
\Y

L1L2L3

1>—o)<c I ° o

P
e 5 W)

Figure 14 —Eh-star test circuit

IEC

Tesf current [, is given by

for |motors rated for star-connection: 7, = \/13? — I? 52)
I - 1y?
for|motors rated-for delta-connection: 7 = YN _0 53)
J3
Test voltage U, is given by
for motors rated for star-connection: U; =Uy (54)
for motors rated for delta-connection:  U; =Uy 3 (59)

Prior to the test the no-load losses have to be stabilised according to 6.1.3.2.4.
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024

Measure and record the resistance between the terminals V and W (R,,) before and after the
complete test.

In order to avoid excessive unequal heating of the three phases, the test shall be conducted on
a cold machine and carried out as quickly as possible.

Large motors can only be started without the R, resistor (switch S to position 1, see Figure 14)
at reduced voltage (25 % — 40 % Uy). After run-up connect R, by switching to position 2.

Var

Wh
low

The
high

befd
acc

Rec
Itis

NOT

temp
the t

needed.

the supply voltage for six test points. The test points shall be chosen to be approxim3

equrlly spaced between 150 % and 75 % of rated phase current measured in‘phase V

n starting the test, begin with the highest current and proceed in descending order to
pst current.

s not

tely
Iy).
the

line-to-line resistance R,y for 100 % test current and lower cutrénts shall be the value
determined after the lowest reading (at the end of the test). Theresistance used for currg

er than 100 % shall be determined as being a linear functiegn,of current, using the read

bnts
ngs

re and after the complete test. The test resistance is détermined using the extrapolation

brding to 5.7.1.
ord for each test point: 1y, Iy, Iy, Uyy, Uyws Uwis Puvs Pwys 7 -

understood that in this test no averaging of'phase resistances is permissible.

F  Resistances may also be determined by measuring the stator winding temperature using a temperafure-
sensjing device installed on the winding. Resistances for each load point may then be determined from

erature of the winding at that point in relation to the resistance and temperature measured before the stg
Bst.

Some commonly used integrated wattmeters symmetrize the three phases by an internal vin

star

connection. However, Jinothis test the power supply is intentionally unsymmetr

Thefefore, it is essential tolensure that neither earthing of the star point nor a virtual star p

ise

In o
curr

be 1
100

stablished. The provided test circuit (see Figure 14) should be strictly applied.

rder to achieve acturate results the slip shall be not greater than twice the rated slip fo
ents, in otherfiwords: n > ngy, — 2:(ngy, — ny). If this condition cannot be met the test

epeated.with an increased value of R,,. If the motor still runs unstable at currents be
% of rated phase current these test points should be omitted.

the
rt of

tual
cal.
oint

r all
hall

low

6.2.5:3 Efficiency determination

6.2.

For

6.2.

5.3.1 Additional load losses

each test point calculate the values using the formulas in Annex A.

5.3.2 Smoothing of the additional-load loss data

The additional-load loss data shall be smoothed by using the linear regression analysis (see
Figure 5).

The losses shall be expressed as a function of the square of the negative sequence current /; 5,
related to test current /.


https://iecnorm.com/api/?name=91077195c4bbcee6a969769620e3463a

IEC 60034-2-1:2024 RLV © IEC 2024 -51 -

IR
er:A.[ﬁj B (56)

A and B shall be computed similar to the procedure described in 6.1.3.2.6.

When the slope constant 4 is established, the value of additional load losses for rated load shall
be determined by using the formula R | = Ax 1 %

6.2.5.3.3 Total losses

Thel total losses shall be taken as the sum of constant losses, load losses and‘additional load
losdes:

Pr=FR+F+hR+R 57)
6.2.5.3.4 Efficiency
Thel efficiency is determined from
P -B P
n="—tox 2 58)
R] P2 +PT

NOTE Usually, the first expression is preferred for a motor, the second one for a generator.
whdre

P, |is the input power from d:rated load test;

P, |is the output power,

6.2.6 Method 2-1-1H — Determination of efficiency by use of the equivalent circuit
paramegers

6.2.6.1 General

Thig method may be applied-when if a load test is not possible. It is based on the conventipnal
T-mlodel, per-phase circuit of an induction machine, including an equivalent iron-loss resistor
parallel to the main field reactance (see Figure 15) The rotor side parameters and guantities
are referred to the stator side; this is indicated by the presence of an apostrophe * at the symbols
for example X';,.

Iy —» -],
o L | L1
Ry Xos Xor R
U l Xm Rfe \—Y—S)
Z(s)
O

IEC

Figure 15 — Induction machine, T-model with equivalent iron loss resistor
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Application of the method to cage induction machines requires the following designed values to
be available.

X,
- =8 ratio of stator leakage reactance to rotor leakage reactance.
XOI'
- o temperature coefficient of the rotor windings (conductivity referred to 0 °C).

- Xgs. X,  stator leakage and magnetizing reactances.

NOTE 1 When using the equivalent circuit method, all voltages, currents and impedances are per phase values for
a thrgephrase mmachime T Y=conmection, active and Teactive POWETS are per CoOmpiete actnime.

NOTE 2 For copper a, = 1/235 and for aluminium a, = 1/225.

Forfan overview, Figure 16 provides a flowchart for efficiency determination by this)test method.

| Indirect measurement |

Separate losses

l

‘ 6.2.6.2.1 No-load test |

l

Tests at reduced
frequeney)or at
rated frequency

l

6.2.6.3.3 Equivalent
circuit parameters

l

l Efficiency |

IEC
Figure 16 — Efficiency determination according to method 2-1-1H

6.2.6.2 Test-procedure
6.2.6.2.1 No-load test

The] no<load losses shall be stabilized at rated frequency and voltage.

The no-load losses are considered stabilized when the no-load power input varies by 3 % or
less, when measured at two successive 30 min intervals.

6.2.6.2.2 Tests at reduced frequency

With the rotor of the machine locked, supply power from a three-phase, adjustable-frequency
converter capable of furnishing up to 25 % of the rated frequency at rated current. An average
value of impedance shall be obtained from the position of the rotor relative to the stator.

During the tests the frequency converter, either a machine set or a static converter, should
supply practically sinusoidal current at the output.
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The rotor windings of wound-rotor machines should be short-circuited for the test.

Supply rated current and take readings for at least three frequencies, including one at less than
25 % and the others between 25 % and 50 % rated frequency. During this quick test the stator
winding temperature increase should not exceed 5 K.

For at least three frequencies, record: U, I, f, P4, Ry, 6, 6,,.

6.2.6.2.3 Tests at rated frequency

Imp

a)

b)

NOT
6.2.
6.2.
The

NOT]
threeg

The
usin

a)
b)

edance values can also be determined from the following tests.

Rotor running resistance:

E  This test assumes relatively low current displacement in the rotor;
6.3
6.3.1 Values from measurements

method is based on the T-model circuit (see Figure 15).

he reactances are calculated in the same manner as in the following;

he rotor running resistance is determined:

Reactance from a rated frequency, reduced voltage, rated current locked frotor fest:
record voltage, current, power, frequency and temperatures.

1) from a stabilized rated frequency, rated voltage reduced load test: Record voltage,

power, current, slip and temperatures for the load point; or

P) from an open-circuit test, following a stabilized rated frequenc¢y, rated voltage no-load

operation. Record the open-circuit voltage and winding temperature as a function of fime
after the motor is tripped from a no-load test.

Efficiency determination

E When using the equivalent circuit method, all'voltages, currents and impedances are per phase values [for a
-phase machine in Y-connection; active powers and reactive powers are per complete machine.

procedure described in this subelause is based on the test with reduced frequency. When
g the test with rated frequency(notice the following deviations:

using the testSat'rated frequency described in b) by reverse calculation using|the
equivalent cireuit in Figure 15, assuming a value for R.'. Adjust the value of R untillthe

calculated\power is within 0,1 % of the measured power, or the calculated current is
within 8yN% of the measured current;

using-the test at rated frequency described in b) by determining the time constant from
the\slope of the plot of the decaying voltage and the time on the open-circuit fest.
Determine R,' from the formula:

(KXo
R :;”TTO‘” (59)
where
X, is the magnetizing reactance;
X'gr is the rotor leakage reactance;
f is the line frequency;
Ty is the open-circuit time constant.

Correct the value of R,' to the operating temperature from the test temperature.
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6.3.2 Determine the reactive powers

— from the no-load test at rated voltage U, = Uy and rated frequency

024

Pao =4(3Uglp)? - R (60)

— from the locked rotor test at reduced frequency

R = \/(31”)2 -B

where

[/, Iy and P are phase voltage, phase current and supplied power from the no-load tes
rated terminal voltage;

[/, I and Py are phase voltage, phase current and supplied pewer from the locked r
impedance test at the frequencies f of this test.

61)

5t at

ptor

6.2.6.3.3 Equivalent circuit parameters
6.2.6.3.3.1 General
The| equivalent circuit parameters are determined in<the following steps.
6.2.6.3.3.2 Reactances
Calgulate the reactances X, from the no-lead test and X |, from the locked-rotor test at 25 %
rated frequency:
2
R X, X,
X - 3U02 N 1 . Xosir = Q,Ir x[ os | OSJ
Pao — 318 Xgs (1+ Xos] 32 [1+ Xos | XGS] X0 X 62)
Xm Xor Xm
N X
Xos = Xos,Ir Xor =——2— 63)
flr Xos /Xor
Calculate using designed values as start values.
X,
Xgs» X and—28 (64)

ar

Recalculate until X, and X5 deviate less than 0,1 % from the values of the preceding step.
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6.2.6.3.3.3 Iron loss resistance

Determine the resistance per phase equivalent to the iron losses at rated voltage from

3U§,ph 1
fe = P x 2 (65)
fe [1+ Xos]
Xm

whdre
P;o | is the iron losses according to the procedure given in 6.1.3.2.5 from P at rated{voltage.

6.2.6.3.3.4 Rotor resistance

Determine the uncorrected rotor resistance for each locked rotor impedance test point:

2 2
' ' 2
' X, X X
R\ =(%—stx 14200 | _ or | Zesdr 66)
' 37 Xm Xos Ree

whedre

R is the stator winding resistance per phase at the corresponding temperature 6y .

S

NOTE If the rotor winding temperature deviates much from the stator winding temperature the method will begome
inacqurate.

Thel| rotor resistance corrected to reference temperature (see 5.7.2, and Table 1) is, for gach
locKed rotor impedance test frequency; given by

" ! 1+ areref

Rr,lr = Rr,lr x 67)

1+ a,.&W

Plof a curve of Rf",lr values against frequency f;,. The intercept with f;. = 0 results in the stator

referred rotorresistance R,.

G
EN
2

IEC
Figure 17 — Induction machines, reduced model for calculation

6.2.6.3.3.5 Load dependent impedances

For each desired load point intermediate, calculate slip dependent impedance and admittance
values (see Figure 17):
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(68)

Cal

whe

~
Il

o
1l

Ry

culate the resulting impedance seen from the terminals:

R=Rg+Ry;  X=Xos+Xy  Z=VR*+X?

re
is the estimated slip;
is the stator winding resistance per phase at reference témperature 6.4 .

6.3.4 Currents and losses

performance values are determined in the following steps. Determine:

U ' 1
7"‘ stator phase current; I, = Isy— rotor phase current;
ag=r

31;2£ air gap power transferred+to the rotor; B, =372
S

5 iron loss;
Yg Rfe

3132RS ;v R =31;2er stator and rotor winding loss;

L \2

1

=R N [—rJ additional load losses,
Ir,N

fronp a value R, \ at rated load, either by assigned value (method C) or measured by|the
revIcsg rotation test (method F) or by Eh-star test (method G).

The

total losses are:

Pr=FR+FR+R+R +hy

69)

(70)

Since input and shaft power are P = 3152R and PR, = P, — P, the slip shall be corrected, and the
current and loss calculations shall be repeated until P, for motor operation, or P, for generator
operation, is near enough to the desired value.
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efficiency (motoring operation) results from:

_B

"7

Test methods for the determination of the efficiency of synchronous
machines

7.1
7.1
Thig

ort

Met
mea
for

Met

N General

ranme of application, Table 4 and Table 5. The method to be used depends on the frame

Preferred testing methods

document defines three different preferred methods with low uncertainty within the g

e rating of the machine under test:

hod 2-1-2A: Direct measurement of input and output power by using a-dynamemeter tor
suring device. To be applied for all machines with a frame size€ below or equal 180 mm
permanent-magnet-excited machines of any rating.

hod 2-1-2B: Summation of separate losses with a full{oad test and short circuit test for

(71)

ven
Size

que
and

the

detg¢rmination of the additional load losses. To be applied for all machines with a frame

aboje 180 mm and a rated output power up to 2 MW:

Bize

Method 2-1-2C: Summation of separate losses without a full load test. Short circuit test for|the
detgérmination of the additional load losses.,J0 be applied for all machines with a rated oufput
power greater than 2 MW.

Table 4 — Synchronous machines.with electrical excitation: preferred testing methofs

Reference Method Description Subclause Application Required faciljty
2-1F2A Direct Torque 7.1.2 Machine size: H < Dynamometer
measurement: measurement 180 Torque measuring
Input-output device for full-lgad
2-112B Summation of P, from short 7.1.3 Machine size: Machine set for|
losses (with rated circuit test full-load
loadtest’and short H > 180 and rated
cirduit test output power up to
2 MW
2-12C Summation of Excitation current 7.1.4 Rated output
separate losses from Potier / ASA / power greater
without rated load Swedish diagram; than 2 MW
test and P, from P, from short-
short circuit test circuit test
NOTE In the table, H is the shaft height (distance from the centre line of the shaft to the bottom of the feet), in
millimetres (see frame numbers in IEC 60072-1).

Table 5 — Synchronous machines with permanent magnets: preferred testing methods

Reference Method Description Subclause Application Required facility

2-1-2A Direct Torque 7.1.2 All ratings Dynamometer
measurement: measurement Torque measuring
Input-output device for full-load
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7.1.2 Method 2-1-2A — Direct measurement of input and output
7.1.21 General

This is a test method in which the mechanical power P .., Of a machine is determined by
measurement of the shaft torque and speed. The electrical power P of the stator is measured
in the same test.

This procedure is also applicable for synchronous machines with excitation by permanent
magnets.

Input and output power are:
— |n motor operation: Py = Pg; Py = Pech (Se€ Figure 18);
— |n generator operation: Py = Pyocn P2 = Py

P

el L —

IEC
Figure 18 — Sketch for torque’measurement test

Forfan overview, Figure 19 provides a flowchart forefficiency determination by this test method.

Direct measurement

l

Dynamometer
test

l

‘ Efficiency ‘

IEC 1681/14

Direct measurement

l

Output power by torque
measurement device

l

| Efficiency ‘

IEC

Figure 19 — Efficiency determination according to method 2-1-2A
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7.1.2.2 Test procedure

Couple either the motor under test to a load machine or the generator under test to a motor with
a torque meter. Operate the machine under test at the required load.

Record U, I, Py, n, T, cOS ¢, ..

When-If excitation is required, proceed according to 5.9.

Immediately after the test, the drift of the torque measuring device shall be checked. In case of
peranent magnet motors, physically uncouple the motor under test, to avoid residual torjque
in uhexcited condition induced by permanent magnets. In case of a deviation above the.allojved
tolefance of the torque measuring device, adjust it and repeat the measurements.

7.12.3 Efficiency determination

Thel efficiency is:

77:P1+P1E 72)

Input power P, and output power P, are:

— [n motor operation: Py = Pg; Py = Prechs

— |n generator operation: Py = P ochs P2 = Py

where
Dmech =2m x T %X pn.
P is according to 5.9.

NOTE Excitation circuit losses not.supplied by P, are mechanically covered from the shaft.

718 Method 2-1-2B - Summation of separate losses with a rated load temperature¢
test and a short circuit test

7.1.8.1 General

Thig is a test-method in which the efficiency is determined by the summation of separate lossges.
The|respective loss components are:

— |rofrlosses;

— Windage and Ifiction 1055€s,

— stator and rotor copper losses;
— excitation circuit losses;

— additional load losses.

This procedure is not applicable for synchronous machines with excitation by permanent
magnets.

For an overview, Figure 20 provides a flowchart for efficiency determination by this test method.
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| Indirect measurement |

Separate losses

l

| Winding resistances at ambient temperature J

l

| 7.1.3.2.1 Rated load temperature test |

|
v

Load losses
Stator and rotor winding losses
including temperature correction

l

| Excitation circuit losses |

l

| 7.1.3.2.2 No-load test |

l

Constant losses
Friction and windage losses
Iron losses

l

| 7.1.3.2.3 Short-circuit test |

l

‘ Additiohal load losses |

7.1.3.3 Total losses

IEC
Figure 20 + Efficiency determination according to method 2-1-2B

7.18.2 Test procedure
7.1.3.21 Rated load temperature test

7.1.3.2.1.4 General

Befpretthis load test, determine the temperature and the winding resistance of the machine Wwith
the machine at ambient temperature.

The machine shall be loaded by suitable means, with supply power according to the machine
rating and operated until thermal equilibrium is achieved (rate of change of 1 K or less per half
hour).

At the end of the rated-load test, record the average of at least 3 sets of test results:

- PNa INa UNa ](; Hca HN;

RN = R (the test resistance for rated load according to 5.7.1);

Oy (the winding temperature at rated load according to 5.7.2);

Excitation system values according to 5.9.
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7.1

3.21.2 Stator winding losses

Determine the stator-winding losses:

PS:1,5><12><R“ (73)
where
R, is according to 5.7.1. corrected to 25 °C primary coolant reference temperature.
718.21.3 Field winding loss
Thelfield winding loss is

Pr=1Iy-Uy 74)

718.2.1.4 Electrical losses in brushes
In chse of brushes determine brush losses from an assigned.véltage drop per brush of each of

the

two polarities:

Ry =2xUy %

whedre

is according to the load test;
is the voltage drop per brush_of,each of the two polarities depending on brush type:

1,0 V for carbon, electrographitic or graphite;
0,3 V for metal-carbont

The| given values for.ghe voltage drop per brush (1 V or 0,3 V) may be used if no spe

info

7.1

Fmation is availablée.

B.2.1.5 Exciter loss

Undouple the/exciter from the main machine (if possible), then couple the exciter to:

a)

A torque measuring device to determine the mechanical power input according to the in
hutput method: or

75)

cific

put-

b) a calibrated driving motor to measure the motor electrical power input.

Connect the exciter (in the case of a synchronous machine excited via slip-rings) to a suitable
resistive load. Operate the exciter unexcited and with voltage Uy and current I for rated load.

Record:

U, Ig, P1g, n, Tg for rated load;

— Tg (the torque with the exciter unexcited).

The

exciter loss is:
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Beg =21n(Tg —Tgo )+ Pe - B (76)

When the exciter cannot be uncoupled from the machine, the exciter losses shall be provided
by the manufacturer.

The

total excitation loss is:

7.1
7.1

maq
ope

The

Pe :Pf+PEd +Pb

B8.2.2 No-load test
3.2.2.1 General

hine can be tested running as an uncoupled motor or coupled with a driving machine
rating as a generator (supplied power from shaft, measured according input-output meth

When this is not possible the test may also be carried out-starting with a cold machine but

no-|
curm

ent), and unity power factor (minimum current)‘when running as an uncoupled motor.

In tihe case of a synchronous machine with shaft driven exciter (see 3.13.3.3a)), the mac

sho
exc

The
less

Tes

The
of v

ild be separately excited and the excCiter disconnected from its supply and from
tation winding.

no-load losses are considered.stabilized when the no-load power input varies by 3 9
, when measured at two successive 30 min intervals.

t at a minimum number{of eight values of voltage, including rated voltage, so that:

our or more values-are read approximately equally spaced between approximately 11
and 80 % of rated_voltage;

our or more‘values are read approximately equally spaced between approximately 7
and approximately 30 % of rated voltage, or (for an uncoupled running machine) to a p
where the)current no longer decreases.

testshall be carried out as quickly as possible with the readings taken in descending o
bltage.

no-load test shall be carried out on a hot machine immediately after the rated load tesj.

77)

and
pd).

the

pad losses shall be stabilized at rated frequency and voltage (by adjusting the excitation

hine
the

0 %

0 %
oint

rder

Record at each of the voltage values: Uy, Iy, Py.

Determine the resistance R, immediately before and after the no-load test.

The interpolated winding resistance of each voltage point shall be calculated by interpolating

the

resistances before and after the test linear with the electrical power Py,

NOFE4—R, is R o- Where resistance measurement is impracticable due to very low resistances,

calculated values are permissible. The calculated values have to be based on the average value
of the measured winding temperatures.
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a coupled machine, P, is determined from T and n.

Record excitation system values according to 5.9.

NoTFE2—For large synchronous machines, it is recommended to record other values influencing
efficiency, for example coolant temperature, gas purity, gas pressure, sliding bearings oil
temperature, bearing oil viscosity.

7.1.3.2.2.2 Constant losses

For Uabh VG:UU Uf VU:tGyU dctcl III;IIU thc UUIIOtaIIt :UDOUO.
Py =Py~ Py
whdre
P =15-12 -R
so = ho-1g "o
For|machines with brushless exciters, excitation losses, shall also be subtracted as follows

From the no-load test/points, use all that show no significant saturation effect and develq

cur
zerg

NOT|
win

re
is the excitation winding losse§’at no-load;

0 is the exciter loss (see above) corresponding to U, and I, of the test point;

o is the power according’to 5.9 corresponding to U, and I, of the test point.

B.2.2.3 Friction.and windage losses

Py =Py~ Psy~ PsoiT Pego + P1E0

e of constant.|0sses (P.), against the voltage squared (U02). Extrapolate a straight lin

lage and friction loss values may be used for each of the load points.

voltage. The intercept with the zero voltage axis is the friction and windage losses P;,}.

78)

79)

80)

pa
e to

E-3{Windage and friction losses are considered to be independent of load and the same

7.1.

3.2.2.4 Iron losses

For each of the values of voltage develop a curve of constant losses against voltage. Subtract
from this value the windage and friction losses to determine the iron losses.

Fe=F - by (81)
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7.1.3.2.3 Short-circuit test
7.1.3.2.3.1 Short-circuit test with coupled machine

Couple the machine under test with its armature winding short-circuited to a drive machine, with
provisions to record the torque using a torque meter-er-dynameometer (see method 2-1-2A).
Operate at rated speed and excited so that the current in the short-circuited primary winding is
equal to the rated current.

In the case of a machine with a shaft driven exciter (see 3.13.3.3a)), the machine should be
separately excited and the exciter disconnected from its supply and from the excitation winding.

Thel sum of the load losses and the additional load losses is assumed to be temperafure
indgpendent, and no correction to a reference temperature is made. It is assumed. that|the
addjtional load losses vary as the square of the stator current.

Reqgord: T, n, I.
Excjtation system values are according to 5.9.

7.1.3.2.3.2 Short-circuit test with uncoupled machine
7.1.3.2.3.2.1 General

Thelmachine is operated as a synchronous motor at a fixed-voltage, preferably about 1/3 nogmal
or af the lowest value for which stable operation can bé obtained. The armature current is varied
by dontrol of the field current. The armature currentshould be varied in about six steps between
125|% and 25 % of rated current and should incliade one or two points at very low current. [The
maximum test current value, traditionally set’ at 125 %, should be obtained from [the
marnufacturer since sometimes stator cooling'will not permit operation in excess of 100 % rated
currlent without damage. The highest readings should be taken first to secure more unifporm
statpr winding temperatures during the test.

Redord: P4, 1, U.

Excjtation system values are; according to 5.9.

NOTE For large machines;ithe maximum step may be limited to 60 % to 70 % of rated armature current.
7.1.3.2.3.2.2 Additional load losses
7.13.2.3.2.2.94From test with coupled machine

Thel additional load losses at rated current result from the absorbed power of the short-cifcuit
test|with-coupled machine diminished by the friction and windage losses Py, and the load |oss
at r\l-nnl onrerant

tTCCO—COTTCTTIC

PLL,N = 27rnT—PfW _PS (82)

In the case of a machine with brushless excitation, the excitation winding and the exciter loss
part supplied by the driving machine shall additionally be subtracted:

Ry N=2mnT +PRg — By —Fs— K — Ry (83)
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In ofder To determine additional load [0SSES at any armature current, the constant losses £ land
the armature winding loss P at any armature current shall be subtracted from the power input
at efach armature current taken in the test.

7.1.

The

NOT

NOT

The
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other load points the additional load losses result from

2
I

R =R NX [l—]
N

3.2.3.2.2.2 From test with uncoupled machine

3.3 Efficiency determination

efficiency is:

_AtRe-B B
B+ Pe B+ P

re
is the input power excluding excitation power from a separate source;

is the output power;

is the excitation power supplied by a separate source.

F 1 Usually, the first expression is preferred for’a motor, the second for a generator.

E 2 P, includes the excitation power P (see 5.9) of the machine where applicable.

total losses P including exgitation circuit losses are:

Pr=R+F+R +F

7.1.

Method 2-12C shall be applied to machines with ratings above 2 MW. The test procedure
principle_similar to method 2-1-2B. The only difference is that the rated load temperature
is r¢placed by the determination of the field current by the ASA-, Swedish- or Potier-Diag

(se

IEC 60034-4-1).

Method'2-1-2C — Summation of separate losses without a full load test

(84)

85)

86)

S in
test
ram

Apart from that the procedures for loss and efficiency determination are equivalent to

met

hod 2-1-2B.

For an overview, Figure 21 provides a flowchart for efficiency determination by this test method.
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‘ Indirect measurement I

l

‘ Separate losses ‘

l

Winding resistance at ambient temperature

v

IEC 60034-4-1:2018 6.4, 6.5, 6.8:
Rated field current according to ASA-,
Swedish- or Potier-diagram

l

Load losses
Stator and rotor winding losses
including temperature correction

l

‘ Excitation circuit losses ‘

l

‘ 7.1.3.2.2 No-load test ‘

l

Constant losses
Frictiomnand-windage losses
Ifon losses

l

’ 7.1.3.2.3 Short-circuit test ‘

l

‘ Additional load losses ‘

l

‘ 7.1.3.3 Total losses ‘

l

’ Efficiency ‘

IEC
Figure 21 — Efficiency determination according to method 2-1-2C

Prior to this test, the results of a no-load saturation test, a sustained polyphase short-circuit
test and an over-excitation test at zero power factor, in accordance with 6.4, 6.5 and 6.8 of
|EC-60034-4:2008 |IEC 60034-4-1:2018, shall be available.

For the procedures to determine efficiency see 7.1.3, method 2-1-2B.

This procedure is not applicable for synchronous machines with excitation by permanent
magnets.
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7.2 Testing methods for field or routine testing

7.2.1 General

These test methods may be used for any test, i.e. field tests, customer-specific acceptance
tests or routine tests.

In addition, preferred methods of Table 4 and Table 5 may also be used outside the power

range identified in Table 4 and Table 5

Met

ods defined hy this document are gi\/nn inTahle 6

Table 6 — Synchronous machines: other methods

Reference Method Description Subclause Required facility
2-1t2D Dual-supply-back-to-back | Dual-supply, back-to-back 7.2.2 Two jdentical units
test

2-112E Single-supply-back-to- Single supply, back-to- 7.2.3 Two identical units
back test back test

2-1}2F Zero power factor with Excitation current from 7.2.4 Supply for full voltage
excitation current from Potier / ASA / Swedish and current
Potier / ASA / Swedish diagram;
diagram

2-112G Summation of losses with | Without consideration of 7.2.5 Machine set for full load
load test except P | P

7.2 Method 2-1-2D — Dual supply back-to-back-test

7.2.2.1 General

Forfan overview, Figure 22 provides a flowchart for efficiency determination by this test method.

| Indirect measurement |

i

Dual-supply
back-to-back
test

IEC

Figure 22 — Efficiency determination according to method 2-1-2D

This procedure is not applicable for synchronous machines with excitation by permanent
magnets.

7.2.2.2 Test procedure

Mechanically, couple two identical machines together (see Figure 23). Tests are made with the
power supplies exchanged but with the instruments and instrument transformers remaining with
the same machine.
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Thelvoltage and current of the two machines shall be identical, and one machine (the moto

mot
ach
line

NOT]

Reverse the motor and generator connections and repeat the test.

For

For

7.2,

When-If identical machines are run at essentially~the same rated conditions, the efficiency s
be g¢alculated from half the total losses and the average of motor input power-of-the-motor

gen

whe
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Py, Iy —— — Py, Ig

Jin Un <_>_.;._.<> Jo Us

- - IEC

Figure 23 — Sketch for dual supply back-to-back test
(Iy =1, fm=1a)

024

pr rating, the generator for generator rating) shall have the rated power factor. This-car
eved by a set of synchronous and DC machines feeding the generator output\back to

each test, record: U, I, f, Py, Py, COS g, COS ¢g, 0.

excitation systems proceed according to 5.9.

2.3 Efficiency determination

erator output power as follows:

1_L
A+h
2

]7:

+Pg

re

1 1
Pr =E(P1 -B)+Pe; Ae :E(P1E,M +PEg)

F for
be
the

. Power factor and excitation current of the other machine will deviate from rated values because of the Igsses
absgrbed by the two machines.

hall
and

87)

88)

PqE

7.2,

7.2.

is according to 5.9.

3 Method 2-1-2E - Single supply back-to-back-test

3.1 General

For an overview, Figure 24 provides a flowchart for efficiency determination by this test method.

This procedure is not applicable for synchronous machines with excitation by permanent
magnets.
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Indirect measurement

i

Single-supply
back-to-back
test

Efficiency

IEC

Figure 24 - Efficiency determination according to method 2-1-2E

7.23.2 Test procedure

Meg
sam
as g

hanically couple two identical machines together and connect them both.electrically to
e power supply to operate at rated speed and rated voltage, one as amotor and the o
generator.

NOTE Alternatively, the losses can be supplied by a calibrated driving motor.

Meq
mad
mad

The
inte
circ

hanically couple the machines with an angular displacement of their rotors enabling
hine to operate at the load conditions for which the efficiency is required, and the o

hine to operate at the same absolute value of stator current (see Figure 25).
Py, Iy
Py Pg
In e

@O

IEC
Figure 25 — Single-supply back-to-back test for synchronous machines

displacement expressed as electrical angle « for this condition is approximately the do
Fnal electrical angle* at the required load condition. In general, for a given voltage
Llating power depénds on the angle « and on the excitation currents of the motor

the
ther

one
ther

ible
the
and

gengrator. Adjust\the current and power factor to rated values at one machine; the deviation in

exc
con

For

tation curfent from the rated value at the other machine can be used for accu
siderations:

edch-test, record:

acy

- Uy, 14, P4 of the power-frequency supply;

— Iy, Py of the motor;

— Ig, Pg of the generator;

— excitation system values according to 5.9.

7.2.

3.3 Efficiency determination

When-If identical machines are run at essentially rated conditions, the efficiency is calculated
by assigning half the total losses to each machine.
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Calculate the efficiency from

n=1-0— (89)

is the power absorbed at the terminals of the machine acting as a motor (excluding

7.24

7.241

vottation o~ aaai e\
CALUITLAlLTVUTT PUVVUI’,
is the total losses, defined as half the total absorbed;

is the excitation power supplied by a separate source.

1 1
Pr=2h+HRe Fe =§(P1E,M +PEgG)

Method 2-1-2F - Zero power factor test with excitation current from Potier-,
ASA- or Swedish-diagram

General

Forjan overview, Figure 26 provides a flowchart for efficiengy determination by this test method.

Thig procedure is not applicable for synchronou§ machines with excitation by permanent

magnets.

| Indirect measurement |

l

‘ 7.1.3.2.2 No-load test |

l

’ 7.2.4.2.2 Zero power factor test |

l

IEC 60034-4-1:2018 6.4, 6.5, 6.8:
Field current according to ASA-,
Swedish- or Potier-diagram

v

| 7.2.4.3.2 Excitation circuit losses ‘

l

| 7.2.4.3.3 Total losses |

l

’ Efficiency |

IEC

Figure 26 — Efficiency determination according to method 2-1-2F
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7.2.4.2 Test procedure
7.24.2.1 General

Prior to this test, the results of a no-load saturation test, a sustained polyphase short-circuit
test and an over-excitation test at zero power factor, in accordance with 6.4, 6.5 and-6-8-of
1EC60034-4:2008 6.7 of IEC 60034-4-1:2018, shall be available.

The evaluation of the results of the no-load test shall be in accordance with 7.1.3.2.2.

7.2422 Zero power factor test

Opsgrate the machine uncoupled as a motor, at rated speed and over-excited. Adjust the supply
voltage to the same electromotive force £ and armature current 7 (at a power factor near zgro)
as gt the desired load.

NOTE 1 E is the vectorial sum of terminal voltage and Potier reactance voltage drop accofding to 7.26]2 of
1EC$0034-4:2008 [EC 60034-4-1:2018.

The| test shall be made as near as possible to the stabilized operating.temperature attained in
opefation at rated load. No winding temperature correction shall be-made.

For|the above test, it is necessary that the supply voltage is adjustable so that the iron logses
have the same value during this test as at a rated power factor under load at rated voltagg. If
the |supply voltage is not adjustable but is equal to the rated voltage, this could give an aqtive
iron| loss appreciably different from that at full-load.<n principle, reactive power should be
deliyered (i.e. machine over-excited), but when this is.impossible due to limited exciter voltage,
the fest may be made with reactive power absorbed(i.e. machine under-excited) as far as stable
runming is possible.

Thel| excitation winding losses at the desired*load will be obtained from the excitation curfent
estinated according to 7.26.2 of 1EC-68034-4:2008 |[EC 60034-4-1:2018 (Potier diagram), or
7.26.3 (ASA diagram), or 7.26.4 (Swedish diagram).

NOTE 2 The accuracy of this method depends on the accuracy of the wattmeters and the instrument transforpners
at loy power factor.

Regord at zero power factor:
- USL P1,zpf;

— excitation system values according to 5.9;
- P and 0,

7.24.3 Efficiency determination

7.2.4.:31 General

For each desired load point, determine the efficiency with the measured values as follows:

(90)

where

A :\/§><UN x [ cos gy is the power absorbed at the armature winding terminals in rated
operation;
Pt is the total losses, including excitation losses;
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PiE is the excitation power supplied by a separate source.
7.2.4.3.2 Excitation losses
7.2.4.3.2.1 Field winding loss

The field winding loss is

B=1,-Up =1%R, (91)

applying the following temperature correction for the excitation winding resistance:

235+0,
235+ 0,

2
1
Re = Re’O X X 08 = 25+(6W _HC){ e J 92)

whegre

I is the excitation winding current determined as described in IEC 60034-4-1;

Rg is the excitation winding resistance, temperature corrected for the desired load;
Rg o Is the cold winding resistance at temperature, €y

Is ,4¢ Is the excitation winding current from the zero power factor test;

Ow is the excitation winding temperature 6f the zpf-test;

O is the reference coolant temperature of the zpf-test;

0 is the excitation winding tempeérature corrected to /.

7.24.3.2.2 Electrical losses in brushes

In cpse of brushes determihe brush losses from an assigned voltage drop per brush of each of
the fwo polarities:

Pb=2><Ub><]e 93)

whdre

I, |istHe excitation winding current determined as described in IEC 60034-4-1;

U, is the voltage drop per brush of each of the two polarities depending on brush type:

1,0 V for carbon, electrographitic or graphite;
0,3 V for metal-carbon.

The given values for the voltage drop per brush (1 V or 0,3 V) may be used if no specific
information is available.

7.2.4.3.2.3 Exciter loss
Uncouple the exciter from the main machine (if possible), then couple the exciter to:

a) atorque measuring device to determine the mechanical power input according to the input-
output method; or
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b) a calibrated driving motor to measure the motor electrical power input.

Connect the exciter (in the case of a synchronous machine excited via slip-rings) to a suitable
resistive load. Operate the exciter unexcited and with voltage U, and current I, for rated load.

Record:

U, Ig, P1g, n, Tg for rated load;

— Tg (the torque with the exciter unexcited).

The

When-If the exciter cannot be uncoupled from the machine, the exciter lassés shall be provi

by t

The

7.2

For

whedre

P1 bt

dpsd is determined from the iron loss-voltage curve (see 7.1.3.2.2), and is the differenc

P

e

For

4.3.3 Total losses

exciter loss is:

Req=21n(Tg —Tgo )+ Pg — B

he manufacturer.

total excitation loss is:

Pe =Pf+PEd +Pb

machines with exciter types c) and d) (see 3.13.3.3) the total losses are:

Pr :P1,zpf + 4P + By

is the absorbedwpower at zero power factor test;

the values\at voltages equal to the e.m.f. for the desired load and the e.m.f. of the 2
power factor test;

determined as stated above.

machines with exciters type a) and b) (see 3.13.3.3) the total losses are:

94)

ded

95)

96)

of
ero

()

Py Pgyq and Pg are as defined above for the excitation winding current of the desired load,
determined according to IEC 60034-4-1:

Pr = Pigpt + PEgpf + 4B + I (97)

Fo =B+ Feq = B 2ot — Fed zpf (98)
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where

P1 70 Pt zpr @nd Pyg ,or are measured values from the zero power factor test;

Py is determined as for separately excited machines;
Peg, PEd zpf are determined from a test as stated above for /g, R, and g 1, R 7pf;
AP is determined from the iron loss-voltage curve (see 7.1.3.2.2), and is

the difference of the values at voltages equal to the e.m.f. for the
desired load and the e.m.f. of the zero power factor test.

NOTE—The formulas are nvprncend for motor nlhnr:lhnn

7.2. Method 2-1-2G - Summation of separate losses with a load test without
consideration of additional load losses

Thel| test procedure is in principle similar to method 2-1-2B. The only differefice” is that|the

addjtional load losses are not considered by this method, i.e. the short circuit test for their
determination is skipped. This results in a significantly lower accuracy.

Apart from that, the procedures for loss and efficiency determination are equivaleni to
method 2-1-2B.

Forfan overview, Figure 27 provides a flowchart for efficiency«determination by this test method.

For|the procedures to determine efficiency see 7.1.3, method 2-1-2B, without considerationh of
the pdditional load loss.

Thig procedure is not applicable for synchronous machines with excitation by permanent
magnets.
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| Indirect measurement ‘

Separate losses

l

| Winding resistances at ambient temperature |

l

| 7.1.3.2.1 Rated load temperature test |
|

.

Load losses
Stator and rotor winding losses
including temperature correction

l

| Excitation circuit losses ‘

l

‘ 7.1.3.2.2 No-load test |

l

Constant losses
Friction and windage losses
Iron losses

l

’ 7.1.3.3 Total losses |

IEC

Figure 27 — Efficiency determination according to method 2-1-2G

8 [Test methods for the .determination of the efficiency of DC machines

8.1| Testing methods for field or routine testing
84 1—General

Thel methods shall be used for field tests, customer specific acceptance tests or routine tes

Methods. defined by this document are given in Table 7.
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Table 7 — DC machines: test methods

IEC 60034-2-1:2024 RLV © IEC 2024

Reference Method Description Subclause Required facility
2-1-3A Direct measurement: Torque measurement 8.2 Dynamometer Torque
Input-output measuring device for full-
load
2-1-3B Summation of losses with | P, DC component from 8.3 Two identical units,
load test and DC single supply back-to- booster generator,
component of additional back test specified rectifier
load losses from test
2-1-3C Summation of losses with | P,, DC component from 8.4 Specified rectifier
load test and DC assigned value
component of additional
load losses from assigned
value
2-1F3D Summation of losses Excitation loss from an 8.5
without a load test assigned ratio of load to
no-load excitation current
P, from assigned value
2-1F3E Single-supply-back-to- Single supply, back-to- 8.6 kwo identical units
back test back test Booster generator
8.2| Method 2-1-3A - Direct measurement of input and_output
8.2/ General
Thig is a test method in which the mechanical power P .., Of a machine is determined by

megsurement of the shaft torque and speed. The electrical power P, of the armaturg is

med

Inpu

sured in the same test.

t and output power are:

n motor operation:

n generator operation:

Py = Pgis"Py = Prygch

P1=Pmech;P2=PeI'

IEC

(see Figure 28);

Figure 28 — Sketch for torque measurement test

For an overview, Figure 29 provides a flowchart for efficiency determination by this test method.
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Direct measurement

l

Dynamometer
fest

l

‘ Efficiency ‘

IEC 1688/14

Direct measurement

l

Output power by torque
measurement device

l

Efficiency

IEC
Figure 29 — Efficiency determination*according to method 2-1-3A

2 Test procedure

Coyple either the motor under test to a load machine or the generator under test to a motor
a torque meter. Operate the machine ufder test at the required load.

Redord U, I, Py, n, T, 6.

When-If excitation is required, proceed according to 5.9.

Imnjediately after thé test, the drift of the torque measuring device shall be checked. In cas
a deviation abovg ‘the allowed tolerance of the torque measuring device, adjust it and repeat

the

8.2.

measurementis.

3 Efficiency determination

The| efficiency is:

with

e of

"R re

Input power P, and output power P, are:

in motor operation: P4 = Pg; Py = Prechs
in generator operation: Py = Prgcn; Po = Py

where

(99)
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Prech = 2T x T X p;
Pie is according to 5.9.

NOTE Excitation circuit losses not supplied by P, are mechanically covered from the shaft.

8.3 Method 2-1-3B — Summation of losses with a load test and DC component of
additional load losses from test

8.3.1 General

Thisdsa test method inwhich the nffir-innm/ is determined by the summation of separate losses.

The|respective loss components are:

— |ron losses;

— Wwindage and friction losses;

— f@rmature winding and brush losses;
— excitation circuit and exciter losses;

— Aadditional load losses.

Forfan overview, Figure 30 provides a flowchart for efficiency determination by this test method.
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‘ Indirect measurement |

l

‘ Separate losses |

l

| 8.3.2.1 Rated load temperature test ‘

hj

Load losses
Winding temperature
Armature circuit winding losses
Electrical brush losses
Excitation circuit losses

l

8.3.2.2 No-load test ‘

l

Constant losses
Friction and windage losses
Iron losses

l

8.3.2.3 Additional load losses

l

D€ component from a single-
supply back-to-back test

l

AC component from a
load test

l

| 8.3.2.4 Total losses |

l

! Efficiency |

IEC
Figure 30 — Efficiency determination according to method 2-1-3B

8.3.2 Test procedure
8.3.2.1 Rated load temperature test
8.3.2.1.1 General

Before this load test, determine the ambient temperature and the winding resistance of the
motor.
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The machine shall be loaded by suitable means, with supply power according to the machine

rating and operated until thermal equilibrium is achieved (rate of change of 1 K or less per half
hour).

At the end of the rated-load test, record the average of at least 3 sets of test results:
= PN INy Uns O, O
— Ry = R (the test resistance for rated load according to 5.7.1);

— 0Oy (the winding temperature at rated load according to 5.7.2);

— excitation system values according to 5.9.

In the case of DC machines on rectified power, the mean value I, and the RMS valde I ghall
be measured.

For|DC machines, R is the total resistance of all windings carrying armaturelcurrent (armature,
conmmutating, compensating winding, compound winding). Where resistan¢e measurement is
impfacticable due to very low resistances, calculated values are permissible.

8.3.2.1.2 Armature circuit winding losses

Forleach load recorded determine the armature-circuit-windings-losses:

By =I?xR (100)

R ag¢cording to 5.7.2 with R taking all windings“in the armature circuit into account.

8.3.2.1.3 Electrical brush losses

Determine brush losses using an.dssigned voltage drop per brush:

R =2xUpy x1 (101)

where
I |is the armature current at the rating considered,;
U, |is the assumed voltage drop per brush depending on brush type:

1,0\/for carbon, electrographitic or graphite;

The given values for the voltage drop per brush (1 V or 0,3 V) may be used if no specific
information is available.

8.3.2.1.4 Excitation circuit losses

The excitation winding losses result from the measured voltage and current as follows:

B =UgxIg (102)
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8.3.2.1.5 Exciter losses
Uncouple the exciter from the main machine (if possible), then couple the exciter to:

a) atorque measuring device to determine the mechanical power input;
b) a calibrated driving motor to measure the motor electrical power input.

Connect the exciter to a suitable resistive load. Operate the exciter unexcited and with voltage
U, and current I, for each of the load points.

Regerd:

— Ve I, Pgg, 1, T for each load point (Pgq4 according to 3.13.3.3);

— [0 (the torque with the exciter unexcited).

When-If the exciter cannot be uncoupled from the machine, the exciter losses shall be provided
by the manufacturer.

The| exciter losses Pgy are

Reg = (T ~Tgo ) x2zn+ Bg —Ug &g (103)

where Tg ( is the torque with the exciter unexcited:

If tegsting is not practical, calculated losses shall be used.

8.3.2.2 No-load test
8.3.2.2.1 General
Thel machine can be tested rupning as an uncoupled motor or coupled with a driving machine

and| operating as a generator(supplied power from torque, measured according input-oufput
method).

Thel no-load test shallLbe carried out on a hot machine immediately after the rated load tesj.

but
the
als.

— four or more values are read approximately equally spaced between 110 % and 80 % of
rated voltage;

— four or more values are read approximately equally spaced between 70 % and
approximately 30 % of rated voltage, or (for an uncoupled running machine) to a point where
the current no longer decreases.

For uncoupled DC machines, the speed shall be maintained constant by adjusting the field
current.

The test shall be carried out as quickly as possible with the readings taken in descending order
of voltage.
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ord at each of the voltage values: Uy, I, P.

Determine the resistance R, immediately before and after the no-load test.

024

The interpolated winding resistance of each voltage point shall be calculated by interpolating

the

resistances before and after the test linear with the electrical power Py,

Where resistance measurement is impracticable due to very low resistances, calculated values

are

permissible.

For

8.3.

Det

whd

Ioa

a coupled machine, P, is determined from T and #.

2.2.2 Constant losses

brmine the constant losses from the following formula:

L=h-h (1

re

Pa :IOZXRO (‘

nd R, are recorded for each value of voltage.

04)

05)

When-If resistance measurement is impracticable due to very low resistances, calculated values

are

NOT

and
may

8.3.

For
volt
is th

8.3.

permissible, corrected to the expected winding temperature.

F In the armature losses P, the'foellowing are included: compensating windings, commutating pole wing
be determined using the total.current and the resulting resistance.
2.2.3 Friction.and windage losses (optional)

each of the values of voltage 70 % or less develop a curve of constant losses (P;) ag4
hge UOZ. Extrapolate a straight line to zero voltage. The intercept with the zero voltage
e windage and friction losses Py,

2.2.4 Iron losses (optional)

ings

Ehunt resistors (diverters). Inthe\Case of diverters in parallel with a series winding, the electrical winding losses

inst
aXxis

For each of the values of voltage between 80 % and 110 % develop a curve of constant losses

(Pe)

against voltage Uy. The iron loss shall be taken for the inner voltage U;, at:
Uj =UyN —(IR)4 — 2Uy, in the case of a motor (106)
U; = Uy +(IR), +2U,, in the case of a generator (107)

where
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UN
20,
1

R

is the rated voltage;
is the brush voltage-drop as given at the load test;

is the current of the desired load point;
is the resistance of all windings of the armature circuit at full-load temperature.

Determine the iron loss from

Be =1t — B (1

8.3.2.3 Additional load losses

8.3.2.3.1 DC losses from single supply back-to-back-test

This
if tw
toge

08)

method allows the determination of the DC component of the additional load losses-when
o identical DC machines are available. They shall be coupled and. gléectrically connec¢ted

ther and supplied by a DC source, the machine acting as a,generator with a boopster
gengrator in series (see Figure 31).
U
I ()
IM U IB

If th

rated current to the machine acting as motor. In the case of machines designed for gener
operation, the supply voltage'shall be adjusted to rated voltage and rated current at the mac
actihg as generator. The.motor and the generator shall be operated with the flux require
produce the e.m.f. corresponding to the test load.

NOTE The voltagesupply mainly covers the no-load losses, the booster mainly covers the load losses.

In the case'of machines with shaft driven exciters, the excitation windings shall be separ3g

exc

(-G )

IEC

Figure 31 — Sketch for single supply back-to-back test
for determination of-DC component of additional load losses

e machines are designed {for motor operation, the supply shall deliver rated voltage

ted forthis test, with the exciters disconnected from their supply and the excitation wind

and
ator
hine
i to

tely
ing.

Wherrtemperaturestave stabitized; Tecord—, 1, TR, 15, e oM Ve Gr le.G T Oc-

The

whe
}?I =
TP,

DC component of the additional load loss is

1
pLL:E(g_ch_Z%—Qon—zUb(HIB)—zIBUb) (109)

re
UuxI1+UgxIg is the power from supply and booster; see Figure 31;

is the sum of constant losses of both machines;
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>P is the sum of the resistance losses of both armature circuits;

a

P is the loss in cable connections.

con

For determination of losses for other load points, apply the factors as described in Table 8.

8.3.2.3.2 AC losses (converter-fed DC machines)

For motors supplied by static power converters, whenever the current ripple factor (see
IEC 60034-1) of the armature current exceeds 0,1, the additional losses caused by the AC
component of the armature current shall be considered in addition to the losses specified above.

The|losses are obtained from a load test with the machine supplied by an appropriate rectifier.
See also IEC 60034-19.

Redord:

- P, the AC power supplied to the machine;

e the AC r.m.s. current component; and

- P, the temperatures of the windings in galvanic contact with.the’armature circuit.

NOTE For series-wound motors, a small amount of the AC power input contributes to the developed motor tofque.
Thisfamount is usually so small that it can be neglected.

The| additional losses due to the AC part of the supply voltage result from:

P =Py ~I2 xR (110)

whgre R is the DC resistance of the .arnrature circuit at rated load temperatures according to
5.7p.

8.3.2.4 Efficiency determination

The| efficiency is:

whdre

Py is—thethrpot-powerexely
Py is the output power;

Pie is the excitation power supplied by a separate source.

NOTE 1 Usually, the first expression is preferred for a motor, the second for a generator.

NOTE 2 P includes the excitation power P, (see 5.9) of the machine where applicable.

Total losses

The total losses shall be taken as the sum of the separate losses consisting of
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Pr=F+FP+R+R +PF (112)
Fe =B +Itq (113)
where
P, IS the armature-winding [0SS;
Py, is the brush loss;
P, is the constant losses;
P is the additional load losses;
Ps is the excitation (field winding) loss;

Pgg4| is the exciter loss.

8.4 Method 2-1-3C — Summation of losses with a load test and DC component of
additional load losses from assigned value

8.4/ General

As method 2-1-3B, this test method determines efficiency by the summation of separate losges.
But|in this case the DC component of the additional foad losses is derived from an assighed
valde.

Forjan overview, Figure 32 provides a flowchart for efficiency determination by this test method.
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‘ Indirect measurement |

l

[ Separate losses I

l

| 8.3.2.1 Rated load temperature test ‘

v

Load losses
Winding temperature
Armature circuit winding losses
Electrical brush losses
Excitation circuit losses

l

I 8.3.2.2 No-load test J

l

Constant losses
Friction and windage losses
Iron losses

l

8.4.2 Additiohal load losses

l

DC component from assigned
allowance

l

AC component from a
load test

l

| 8.4.3 Total losses |

l

| Efficiency. |
7

IEC
Figure 32 — Efficiency determination according to method 2-1-3C

8.4.2 Test procedure
8.4.2.1 General

Apart from the determination of the DC component of the additional load losses, the same
procedures as in 8.3.2 shall be applied.
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2.2 DC component of the additional load losses from assigned allowance

It is assumed that the DC losses vary as the square of the current, and that their total value at
maximum rated current is:

a) for uncompensated machines:

— 1 % of the rated input power for motors;

— 1 % of the rated output power for generators;

b) for compensated machines:

oL 0/

For
max

For
inpy
is a

For
rate
the
con
is a
add

+lo F P 4 £ 4
U,J /70 UT UTC TAtTuUu Tyut pUw<oeT TUT TITULUT o,

- 0,5 % of the rated output power for generators.

constant speed machines, the rated power is the power with maximum rated lcurrent
imum rated voltage.

t power is defined at each speed as being the input power when the;maximum rated cur
ssociated with the applied voltage of the particular speed considefed.

variable speed motors where the increase in speed is obtajined by weakening the field,
d input power is defined as being the input power when the‘rated voltage is associated

maximum rated current. For variable speed generataors\where the voltage is maintai
stant by varying the field, the rated output power is defined as being the output power, w
vailable at the terminals at rated voltage and maximum rated current. The allowances
tional losses at the speed corresponding to the~full field shall be as specified above ur

a) gnd b). The allowances for additional losses at other speeds shall be calculated using

app

The
con

For
obtd

Fopriate multiplying factors given in Table 8.

Table 8 — Multiplying factors for different speed ratios

Speed ratio Factor
1(511 1,4
2:1 1,7
3:1 2,5
4:1 3,2

speed ratioin the first column of Table 8 shall be taken as the ratio of actual speed ur
sideration‘to-the minimum rated speed for continuous running.

speed ratios other than those given in Table 8, the appropriate multiplying factors may
ined by interpolation.

and

variable speed motors where the speed change is obtained by applied voltage, the rated

rent

the
with
ned
hich
for
der
the

der

be

8.4.

The

3 Efficiency determination

efficiency is:

_AtRe-B B
B+ Pe B+ P

(114)
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where
Py is the input power excluding excitation power from a separate source;
Py is the output power;

Pie is the excitation power supplied by a separate source.

NOTE 1 Usually, the first expression is preferred for a motor, the second for a generator.

NOTE 2 P includes the excitation power P (see 5.9) of the machine where applicable.

Totallosses

Thel|total losses shall be taken as the sum of the separate losses consisting of

Pr=R+hRL+R+R +Fh (115)
Pe:R-FPEd (‘16)
where
P, is the armature winding loss;
Py, is the brush loss;
P, is the constant losses;
P is the additional losses;
Py is the excitation (field winding) loss;

Pgq4|  is the exciter loss.

8.5| Method 2-1-3D - Summation of losses without a load test
8.5/ General

As method 2-1-3C, thisitest method determines efficiency by the summation of separate losges.

But|in this case, therarmature circuit winding losses and the excitation circuit losses are[not
determined by a{oad test, but by calculation.

Forjan overview, Figure 33 provides a flowchart for efficiency determination by this test method.
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Indirect measurement

l

Separate losses

l

8.5.2 Calculated load losses
WINdmg temperature
Armature circuit winding losses
Electrical brush losses
Excitation circuit losses

l

8.3.2.2 No-load test

l

Constant losses
Friction and windage losses
Iron losses

l

8.4.2 Additional load losses

l

BC component from assigned
allowance

l

AC component from a
load test

l

8.5.3 Total losses

l

I Efficiency |

IEC
Figure 33 — Efficiency determination according to method 2-1-3D

8.5.2 Test procedure

8.5.2.1 General

Apart from the determination of the excitation circuit losses, the same procedures as in 8.4.2
shall be applied.
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2.2 Excitation circuit losses

024

Without a load test, the excitation winding losses P, shall be calculated from 7,2 x R;, where R¢

is the resistance of the shunt excitation winding (or separately excited winding), corrected to
the reference temperature specified in 5.7.3 and /, is the excitation current according to the

following list.

a) For shunt connected or separately excited generators with or without commutating poles, I

is 110 % of the excitation current corresponding to no-load at a voltage equal to the rated
voltage plus ohmic drop in the armature circuit (armature, brushes and commutating

ndinac if o) ot tha ~erant ~f thn conanifin laod At

rrehRgsHaryattheecorrentof-the-spectfic toadpeint
b) For compensated shunt or separately excited generators, I, is the excitation, curfent
corresponding to no-load at a voltage equal to the rated voltage plus ohmic drop in|the
brmature circuit at the current of the specific load point.
c) Forlevel-compounded generators, I, is the excitation current for the ratedo-load voltage.
d) [For over-compounded and under-compounded generators, and special-types of generptor
hot covered by items a) to ¢), I, is subject to agreement.
e) |For shunt wound motors, 7, is equal to no-load excitation current{corresponding to the rated
voltage.
8.53 Efficiency determination
The| efficiency is:
_bBtRe-B B 117)
P+PgY  PB+Pp
where
Py is the input power excluding @xcitation power from a separate source;
P, is the output power;
P,g| is the excitation power’supplied by a separate source.
NOTE 1 Usually, the first expression is preferred for a motor, the second for a generator.
NOTE 2 P includes,the excitation power P (see 5.9) of the machine where applicable.
Total losses
Thel total losses shall be taken as the sum of the separate losses consisting of
Pr=F,+P+R+R +Ph (118)
B =B+ Ry (119)
where
Py is the armature winding loss;

Py,

is the brush loss;
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is the constant losses;

is the additional losses;

is the excitation circuit losses;

is the calculated excitation (field winding) loss;

is the exciter loss.

Method 2-1-3E - Single supply back-to-back test

‘ Indirect measurement ‘

l

Single-supply ‘

back-to-back
test

l

‘ Efficiency |

IEC
Figure 34 — Efficiency determination according to method 2-1-3E

2 Test procedure

hanically couple two identical machines together and connect them both electrically to
e power supply so as to operate at rated speed and rated voltage, one as a motor and

FE Alternatively, the losses (can be supplied either by a calibrated driving motor, a booster, or otherwise
ination of these various means.

nect the driven machine to the supply with a booster generator in series (see Figure
rate both machines at approximately the current and the internal voltage correspondin
load point for\which the efficiency is required. For motors, the supply shall deliver r
hge and the-required load to the motor. For generators, the voltage has to be adjuste
booster for rated voltage and the required load at the generator. The voltage supply ma
prs the.no-load losses, the booster covers the load losses.

an overview, Figure 34 provides a flowchart for efficiency determination by this testmethod.

the
the

by a

35).
g to
ted

by
inly

HCE Ok

IEC

Figure 35 — Sketch for single supply back-to-back test

If no booster is available, the common terminal voltage should be adjusted so that the mean
value of the currents of both machines is the rated current.
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For each test, record:

— U, 14 of the power supply;
— Py, absorbed at the motor terminals;
— Up, Ig of the booster;

- n, 0.

For excitation systems, proceed according to 5.9.

IEC 60034-2-1:2024 RLV © IEC 2024

8.6.3 Efficiency determination

When-If identical machines are run at essentially rated conditions, the efficiency is ealculated

by gssigning half the total losses to each machine.

Calgulate the efficiency from

_ b {20
T Rt B 1
whdre
Py is the power absorbed at the terminals of themachine acting as a motor (excluding
excitation power);
Pt is the total losses, defined as half the totalrabsorbed;
P.g| is the excitation power supplied by a-s€parate source;
1 . 1 )

PT:E(UMXI1+UBXIB)+P1E ; P1E:E(P1E,M+P1E,G) (121
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Determine the following complex voltages and currents from the test results:

Annex A
(normative)

Calculation of values for the Eh-star method

Uuv =Uuv
22 22 2.2
U OVW - OWU 00V
WU =

2'UUV
" 2 2
Uwu =vUwu —Uwu
Uyw =-Uyy —Uwuy
Uyw =-Uwu

[' (PUV PVW) Uwy - 1w
v =-
Uyv

1)

In the above formula, it is assumed that current Iy is in phase with voltage Uy . In the gase
whdre the impedance of the resistor contains a noticeable reactive component, use the following
formula
I (Ryv 28w )+ Ren - iy
v =-
Uuv
whgre R, is the measured value of the resistive component.

Iy =NI§ -1
1 2 2 2
k1= 2 (]W_IU_IV)
2.12
2 15,0 2
Iy
v kG -1y Iy
Iy m
Iy

Determine the inner line-to-line voltages from the complex line-to-line voltages and currents:
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Ryw
Uiyv =Uyy + 2 '(lv —lu)

R
Uvw =Uyw + \;W '(lw —lv) (A.3)

Ryw
Uwu =Uwy + 5 '(lu —lw)

Seplarate into positive and negative sequence line-to-line components (a = /23 ):

Det

Det

2
Uiy = '(Qiuv +a-Upyy +a_'QiWU)

= Wl

2
UiLLp) = 3 '(Qiuv +a” -Uyw +Q'inu)

ermine the positive and negative sequence components of the inner phase voltage U;:
LT
1
Uiy "5 - Un
1 005
Uig) = Nk Uil

Determine‘the iron loss resistance:

h.4)

h.5)

(A.6)

2
Ut
Ree = ——

where

U
Pfe

is according to 6.2.5.2;
is according to 6.1.3.2.5.

(A.7)
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Uiy
ey =——
Rfe
Uy
Loy == (A.8)
Rfe
U.
lfeW ==W
Rfe

Determine the inner phase currents:

Liy = Iy — Iy
Ly =1y —Ifey (A.9)
Liy =Ly = Irew

Determine the positive and negative sequence components of the inner phase currents:

'(liu +£'liv+22‘liw)
(Al10)
~(£iu +a Ly +£'£iw)

The|absolute values of the positive sequence current /; 1y shall be less than 30 % of the absolute
valde of the negative sequence current J;, in order to achieve accurate results. If this condition
is npt met, the test shall be repeated using a different value of R,,.

Determine the air-gap power:

By =3 (Uit ien *+ Uiy i

C . (Al11)
By2) = 3'(Ui<2> i2) +Ui2) 'fi(2>)

Det-\rminn thao additional laad Inconc:
CT e trreToatTtroraTToatToootoT

R, :k'[(1—S)~(P§(1)—Pé(Z))_PfWJ

1 (A.12)

where k=—————
1+ (finy / fizy)
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Annex B
(informative)

Types of excitation systems

The types of excitation systems considered for determination of the exciter losses are:

a)

b)

c)

d)

shaft driven exciter

A DC or AC exciter machine is driven by the shaft of the main unit, directly or through a

to

naar \Whaon 1ftha mAain nit 1c A covunchranaiic macrhina tha Aveltatican nowvar 1o cninnlia
gear—Whent-the-main-unitis—a-synchronrous-machine-the-oxcitationpoweris-supplie
he excitation winding via slip-ring and brushes.

brushless exciter

An AC exciter coupled to a synchronous main unit supplies the field winding“directly

jenerator or an induction machine.

Excitation power of a synchronous exciter is derived either from a diréctly coupled AC
exciter with permanent magnet excitation, or from an auxiliary (secondary) winding in
main unit stator slots (same as in €)), or from a static supply.

An induction exciter is connected to a variable AC voltage supply.

separate rotating exciter

current to the field winding of the main unit.
static excitation system (static exciter)

The excitation power is supplied to the field winding of the main unit by a static source s
bs batteries or a static power converter-fedfrom a separate source.

bxcitation from auxiliary winding (auxiliary winding exciter)

The excitation power for an AC generator is provided by an auxiliary (secondary) windin
he main unit stator slots, utilizings\fundamental or harmonic flux, and supplied to the f
vinding via rectifiers, slip-rings-and brushes.

via

rotating rectifiers, avoiding slip-rings and brushes. The exciter can be~a)synchronous

bilot
the

A DC or AC generator as part of a separate motor géenerator set supplies the excitation

uch

g in
ield
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Annex C
(informative)

Induction machine slip measurement

Rotor losses in induction machines are directly proportional to slip, with slip defined as

the

fractional departure of shaft speed from the synchronous speed corresponding to the supply

frequency and the number of motor poles.

megsurements are made. An example is the stroboscopic method, which uses)‘sup
frequency-derived pulsed illumination of an induction motor shaft, and counts the _numbe
slip|revolutions over a known time period.

The| following method is based on that principle, and provides very high accuracy
megsurements which can be automatically transferred to a data acquisition,system.

Figure C.1 shows the principle of the measurement system, in which two pulse trains
gengrated: one derived directly from the shaft of an induction machine under test, and a sec
directly related to the frequency of the power supply. The diagram shows two sequential s
encpders, each of which produce the same number of output{pulses per revolution, conne
to the shafts of an induction machine under test and a small synchronous motor connecte
the same power supply, respectively.

The|reference synchronous machine may be regarded as having zero slip.

The|two pulse trains are fed to the inputs of aztwo-channel digital counter which has the fag
to cplculate and display the ratio of the two input frequencies.

If a|] motor-alternator set is used as“the power supply for induction machine testing
megsurements, then the second (reference) shaft encoder may be connected directly to
alternator shaft. A further possibility is that the reference frequency be generated electronic
usirlg a phase-locked loop system.

If the ratio produced by the dual-channel counter, as above, is multiplied by the nom
synghronous speed ofithe reference (synchronous) motor in Figure C.1 (e.g. 1 500 min~"' f
4 pgle synchronous,motor with a nominal supply frequency of 50 Hz), then the coun
configured as above, displays the shaft speed of the induction machine under test corrected
supply frequeney, regardless of the induction machine pole number.

Slip| maythen be calculated directly from that indicated shaft speed.

eed
ose
ply-
r of

slip

are
ond
haft
tted
d to

ility

and
the

ally,

inal
Or a
ter,
for

If thetwo counters are started—and Stoppead syncnronously (I.e. at exXdcClly the same tmes),

the

actual counting time is not critical. Slip measurement should be made over the same averaging

time as the other measurements of motor voltage, current, electrical power and torque.
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(=)
Dual
/
channel hil — Output
counter 1500
(o) ——(=) s
4 pol
(4 poles) £c
Key
IM Induction machine under test (any number of poles)
SM Small synchronous motor (e.g. 4 poles) or main laboratory M-G set
SE1 Sequential shaft encoder, with e.g. 600 pulses per revolution (p.p.r.)
SE2 Sequential shaft encoder, with same no. of p.p.r. as SE1
/1 Frequency of pulse train from SE1
fa Frequency of pulse train from SE2
Output ratio f,/f, x synchronous speed of SM

Figure C.1 — Slip measurement system block’diagram
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Annex D
(informative)

Test report template for method 2-1-1B

Manufacturer Logo

Date of test: | |Repon number: | |Date of issue: |

Motor description

Rated output power K Manufacturer

Rated voltage A0 Model Nr.

Rated current A Serial Nr.

Rated speed min-t Duty type acc. to IEC 600341

Supphy frequency Hz Design

Number of phases - Inzulation clags acc. to [EC 60085

IEC 50034-30-1 (rated) [E-Code Max. ambient temperature C
Test resistance R 0 Test resistance s 0
Winding temperature i C Winding temperature By *C
Ambient temperature 8. C Ambient temperature 8. C
6.1.3.2.3 Load curve test Test resistance before loadkiest R 0
Rated output power e 125% 115% 100% 75% B0 25%
Torgue T MN.m

Input power Py W

Line current | A

Operating speed n min-

Teminal voltage U W

Frequency f Hz

Winding temperature g =C

Test resistance after load test R 0

6.1.3.2.4 No-load test Test resistance before no-load test R 0
U 110% $00% 05% 0% 60% 50% 40% 30%

Rated voltage

Input power Py W
Line current L A
Terminal voltage | U, "
Frequency fa Hz
W. temperature | 8, | 9G

Test resistance after no-lead test R 0

Rated outpuf pester corr. P:s % 125% 115% 100% 5% 50% 25%
Output power corrected Pza W
Slip carrected B8 pu.
Input power corrected P W
roplosses P W
rl;l.rt. ﬂlld l'i’illd. :UI}BG:} CUTT. P.\E !.
Additional-load losses Po W
Stator losses corrected Psa W
Rotor losses corrected Pes W
Power factar COS %
Efficiency n %a

Tested by: Approved
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IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

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

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promate internat|onal
-operation on all questions concerning standardization in the electrical and electronic fields.yTo this end and

im addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Reports,
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 'Publication(s)”). Their
reparation is entrusted to technical committees; any IEC National Committee interestéd in the subject dealtjwith
ay participate in this preparatory work. International, governmental and non-governmeéntal organizations liajsing
ith the IEC also participate in this preparation. IEC collaborates closely with thé Iqternational Organizatioh for

tandardization (ISO) in accordance with conditions determined by agreement-between the two organizatio

interested IEC National Committees.

isinterpretation by any end user.

|
tfansparently to the maximum extent possible in their national and regional publications. Any divergence bet
9

IEC itself does not provide any attestation of eonformity. Independent certification bodies provide confo

ns.

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat|onal
donsensus of opinion on the relevant subjects since each technical ¢ommittee has representation from all

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC Natjonal
Gommittees in that sense. While all reasonable efforts are madeto ensure that the technical content off IEC
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for| any
n

 order to promote international uniformity, IEC Natiognal’ Committees undertake to apply IEC Publicafions

veen

ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the Iatter.

mity

ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible forl any

rvices carried out by independent certification bodies.

Il users should ensure that they have thellatest edition of this publication.

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experts| and

embers of its technical committees~and IEC National Committees for any personal injury, property dama

e or

her damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)| and

xpenses arising out of the| publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the-Normative references cited in this publication. Use of the referenced publicatio
indispensable for the ‘cafrect application of this publication.

IEC

hs is

IEC draws attention”to the possibility that the implementation of this document may involve the use of (a)
atent(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent rights in

respect thereef"As of the date of publication of this document, IEC had not received notice of (a) patent(s),

hich

ay be required to implement this document. However, implementers are cautioned that this may not reprgsent
the lateSt-ihformation, which may be obtained from the patent database available at https://patents.iec.ch
hall not'be held responsible for identifying any or all such patent rights.

International Standard.

IEC

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

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

Harmonization of layout and requirements with IEC 60034-2-2 and IEC 60034-2-3.
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The text of this International Standard is based on the following documents:

Draft Report on voting

2/2165/FDIS 2/2177/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developef in
accprdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement;@available
at www.iec.ch/members_experts/refdocs. The main document types developed, by IEC |are
desgribed in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 60034 series, published under the general title” Rotating electfical
maghines, can be found on the IEC website.

The| committee has decided that the contents of this document witlxremain unchanged until the
stahility date indicated on the IEC website under webstore.iec.ch in the data related to|the
spegific document. At this date, the document will be
e feconfirmed,

e Wwithdrawn, or

e fevised.
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also to specify methods of obtaining specific losses.

document applies to DC machines and to AC synchronous and induction_ machines o
s within the scope of IEC 60034-1 rated for mains operation.

FE  These methods may be applied to other types of machines such as rotary converters; AC commutator m
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60034-19, Rotating eléctrical machines — Part 19:Specific test methods for DC mach
onventional and rectifier-fed supplies

60034-29, Rotating electrical machines — Part 29: Equivalent loading and superpos
niques — Indirect testing to determine temperature rise

motors.(IE code)
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part of IEC 60034 is intended to establish methods of determining efficiencies from-igsts,
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60034-30+1, Rotating electrical machines — Part 30-1: Efficiency classes of line operated
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their accessories
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IEC 60051-1, Direct acting indicating analogue electrical measuring instruments and their
accessories — Part 1: Definitions and general requirements common to all parts


https://iecnorm.com/api/?name=91077195c4bbcee6a969769620e3463a

-8 - IEC 60034-2-1:2024 © |EC 2024

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.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
efficiency
ratiop of output power to input power expressed in the same units and usually\given gs a
per¢entage

3.2
dirgct efficiency determination
method by which the determination of efficiency is made by measuring-directly the input pogwer
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 lossels of
both machines are calculated from the difference betwe€en 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 poyer,
thug giving the input power, or subtracted from the input power, thus giving the output powgr

3.5
single-supply back-to-back test
test|in which two identical machines are mechanically coupled together and are both conne¢ted
elegtrically to the same power system. The total losses of both machines are taken as the ipput
power drawn from the~system

3.6
no-load test
test|in whieh_a machine is run as a motor providing no useful mechanical output from the shaft,
or ifirunsas.’a generator with its terminals open-circuited

3.7
zero power factor test

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

test on an induction machine in which the losses are determined by help of an equivalent circuit
model


http://www.electropedia.org/
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test with rotor removed and reverse rotation test
combined test on an induction machine 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

sho

rt-circuit test

test on a synchronous machine in which a machine is run as a generator with its terminals short-
circuited

3.1

locked rotor test
test|in which the rotor is locked to prevent rotation

3.1
Eh-
test

3.13
losg

3.13

tar test
in which the motor is run in star connection on unbalanced voltage

5es
A

totgl losses

Py
diffe

rence between the input power and the output poweér, equivalent to the sum of the cons|

tant
and

losqes (see 3.13.2), the load losses (see 3.13.4), dhe”additional load losses (see 3.13.5)
the excitation circuit losses (see 3.13.3)

3.13.2

constant losses

Pc

losqes incorporating the sum of windage, friction and iron losses

Notel 1 to entry: Although these losses change with voltage and load, they are historically called “constant” losses
and the name is retained in this decument.

3.13.21

irorn losses

Pfe

losges in active.iten and additional no-load losses in other magnetic and conductive parts
3.13.2.2

frictioncand windage losses

wa

losses mcorporatmgthe—sunrof windageand-friction

3.13.2.21

friction losses
losses due to friction (bearings and brushes, if not lifted at rated conditions) not including any
losses in a separate lubricating system
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.2.2.2

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 to entry: Losses in a separate ventilating system should be listed separately.

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

3.13.3

excitation circuit losses

3.13.3.1

excjtation circuit losses

Pe

sun| of the excitation winding losses (see 3.13.3.2), the exciter losses (see 3.13:3:3) and

synghronous machines, electrical brush loss (see 3.13.3.5), if any

3.17
exc
Py

excitation (field) winding losses are equal to the product of thg-exciting current 7, and
excitation voltage U,

3.17
exc
Pggq
exc

a) phaft driven exciter

.3.2
tation winding losses

.3.3
ter losses

ter losses for the different excitation systemsi(see Annex B) are defined as follows:

b)

c)

blus (in the case of a synchronous machine) the electrical brush losses as per 3.13.3.5

Note 1 to entry: If the exciter £an be decoupled and tested separately its losses can be determined acco
07.1.3.2.1.5.

brushless exciter

vindage:losses (when the relevant test is performed on the set of main machine and exci

brits stator winding (in the case of an induction exciter), minus the useful power which
exciter provides at the rotating power converter terminals.

Note 3 to entry: Whenever the exciter makes use of separate auxiliary supplies their consumptions are t
included in the exciter losses unless they are considered together with the main machine auxiliaries consump

for

the

bxciter losses are the power absorbed by the exciter at its shaft (reduced by friction jand
vindage losses) plus the power P gsdrawn from a separate source at its excitation wingling

erminals, minus the useful power 'which the exciter provides at its terminals. The useful
bower at the terminals of the exciter is equal to the excitation winding losses as per 3.13.3.2

ding

Note 2 to entry: Whengever the exciter makes use of separate auxiliary supplies, their consumptions are {o be
ncluded in the excitefTosses unless they are considered together with the main machine auxiliaries consumgtion.

bxciter 10sses are the power absorbed by the exciter at its shaft, reduced by friction jand

er),

blus\the electrical power P,g from a separate source (if any) absorbed by its field winging

the

o be
tion.

Note 4 to entry: 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 3.13.3.2 and 3.13.3.4. The exciter losses may be

determined according to 7.1.3.2.1.
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d) 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 3.13.3.2 and 3.13.3.4.
Note 5 to entry: In the case of systems fed by transformers, the transformer losses shall be included in the
exciter losses.

e) excitation from auxiliary winding

uxiliary winding exciter

bxciter losses are the copper losses in the auxiliary (secondary) winding and the additipnal
ron losses produced by increased flux harmonics. The additional iron losses) afe|the
Hifference between the losses which occur when the auxiliary winding is loaded. and when
t is unloaded.
Note 6 to entry: Because separation of the excitation component of losses is difficultpit iS recommendgd to
Consider these losses as an integral part of the stator losses when determining overalllosses.
n the cases c) and d) no allowance is made for the losses in the @xcitation source (if any)
br in the connections between the source and the brushes_ (synchronous machine) or
between the source and the excitation winding terminals (DC @achine).
f the excitation is supplied by a system having components as described in b) to e)|the
bxciter losses shall include the relevant losses of ¢the components pertaining to |the
categories listed in Annex B as applicable.

3.13.3.4

sepjarately 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 (DC or synchronous exciter) or stptor
vinding input power (induction exgiter). It covers a part of the exciter losses Pgy (and further

osses in induction exciters) while a larger part of P is supplied via the shaft;

or exciter types c) and d).equal to the excitation circuit losses, Pg = Pg;

Pe = 0 for machines'with permanent magnet excitation.

Excjter types shall(be’in accordance with 3.13.3.3.

3.13.3.5

bru
Py,

Bh losses’ (excitation circuit)

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

or exciter type e) P,g. =0, the excitation power being delivered entirely by the shaft. Also,

3.13.4
load losses

3.13.4.1
load losses

P

sum of the winding (/2R) losses (see 3.13.4.2) and the electrical brush losses (see 3.13.3.5), if

any
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3.13.4.2
winding losses
winding losses are /2R losses:

— in the armature circuit of DC machines;

— in the stator and rotor windings of induction machines;

— in the armature and field windings of synchronous machines

024

3.13.4.3

brush losses

Py

elegtrical brush loss (including contact loss) in the armature circuit of DC machines an
wouynd-rotor induction machines

3.13.5

addlitional load losses

P

losqges produced in active iron and other magnetic and conductive paris by alternating s

flux
curn

Note]

3.13

s when the machine is loaded; eddy current losses in winding conductors caused by |
ent-dependent flux pulsations and additional brush losses caused’by commutation

1 to entry: These losses do not include the additional no-load losses 0f-3.13.2.2.

.6

sh
P

SC

rt-circuit losses

curnent-dependent losses in a synchronous machine and in a DC machine when the arma
wingling is short-circuited

d in

tray
oad

ture

pair

3.1

tes{ quantities <polyphase AC machines>

3.14.1

terminal voltage

for polyphase AC machines, thetarithmetic average of line voltages

3.14.2

ling current

for polyphase AC machines, the arithmetic average of line currents

3.14.3

linel-to-line/resistance

for polyphase’AC machines, the arithmetic average of resistances measured between each

of termihals

Note 1 to entry: 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 to entry: 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


https://iecnorm.com/api/?name=91077195c4bbcee6a969769620e3463a

IEC 60034-2-1:2024 © IEC 2024 -13 -

4 Symbols and abbreviated terms

4.1 Symbols

CoS ¢ is the power factor!

f is the supply frequency, Hz

1 is the line current (average of all phases), 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

Pq is the input power at no-load, W

Py is the input power, excluding excitation2, W

Py is the output power, W

Py, is the brush loss, W

Pp is the output power (shaft power) of a drive motor, W

Pg is the excitation circuit losses, W

PE is the excitation power supplied by acseparate source, W

Pgy is the exciter losses, W

Py is the electrical power, excluding excitation, W

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

Pie is the iron losses, W

Py is the friction and\Wwindage losses, W

P, is the constantlosses, W

P is the load losses, W

Py, is the residual losses, W

P is\the additional-load losses, W

Py is the short-circuit losses, W

Proekn is the mechanical power, W

Pt is the total losses, W

P, is the winding losses, W, where subscript w is generally replaced by f, f,
e, sorr(seed.?)

R is a winding resistance, Q

Reh is the actual value of the auxiliary resistor for the Eh-star test (see 6.2.5),
Q

R’enh is the typical value of the auxiliary resistor, Q

R; is the field winding resistance, Q

1 This definition assumes sinusoidal voltage and current.

2 Unless otherwise indicated, the tests in this document are described for motor operation, where P, and P, are
electrical input and mechanical output power, respectively.
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is the line-to-line-resistance (average of all phases), Q
is the phase-resistance (average of all phases), Q

is the slip, in per unit value of synchronous speed
is the machine torque, N-m
is the reading of the torque measuring device, N-m

is the terminal voltage (average of all phases), V
is the terminal voltage at no-load (average of all phases), V

4.2

The
diffq

Mag

- 0 Q©

-

S

w

u,v

is the rated terminal voltage, V

is the reactance, Q

R+ jxX is the notation for a complex quantity (impedance as example)

|g = \/m is the absolute value of a complex quantity (impedance,asi.example)
is the impedance, Q
is a temperature coefficient
is the efficiency
is the initial winding temperature, °C
is the ambient temperature, °C
primary coolant inlet temperature,~$C
is the winding temperature, °C

is a time constant, s
Additional subscripts

following subscripts may be added to symbols to clarify the machine function an
rentiate values.

hine components:

armature
excitation
field winding
rotor
stator
winding
W."phase designations

i to

Machine categories:

B

E
G
M

booster
exciter
generator

motor
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Operating conditions:

0
1
2
av
d
el

no-load

input

output
average, mean
dissipated
electrical

mtarnal
e ot

sc
L

Ir
med
red

zpf

NOT]

5.1

Tes

b)

c)

The
The

short circuit
test load
locked rotor
h  mechanical
rated
at reduced voltage
test
zero power factor test
corrected to a reference coolant temperature.

E  Further additional subscripts are introduced in relevant subtClauses.
Basic requirements

Direct and indirect efficiency determination
fs can be grouped into the three following categories:
nput-output power measurementon a single machine. This involves the direct measure

bf electrical or mechanical power into, and mechanical or electrical power out of a mach

blectrical input and output.measurement on two identical machines mechanically conne
back-to-back. This is dane*to eliminate the measurement of mechanical power into or ot
he machine;

Hetermination of the actual loss in a machine under a particular condition. This is usU
hot the total loss but comprises certain loss components.

methods for'determining the efficiency of machines are based on a number of assumpti
refore, if is'not recommended that a comparison be made between the values of efficie

obtained.by:different methods, because the figures may not necessarily agree.

5.2

ent
ine;
tted
t of

ally

bNs.
ncy

|_lincertainty

Uncertainty as used in this standard is the uncertainty of determining a true efficiency. It reflects
variations in the test procedure and the test equipment.

Although uncertainty shall be expressed as a numerical value, such a requirement needs

suff

5.3

icient testing to determine representative and comparative values.

Preferred methods and methods for customer-specific acceptance tests, field-
tests or routine-tests

It is difficult to establish specific rules for the determination of efficiency. The choice of test to
be made depends on the information required, the accuracy required, the type and size of the
machine involved and the available field test equipment (supply, load or driving machine).
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In the following, the test methods suitable for asynchronous and synchronous machines are
separated into preferred methods and methods for customer-specific acceptance tests, field-
tests or routine tests.

5.4 Power supply
541 Voltage

The supply voltage shall be in accordance with 7.2 (and 8.3.1 for thermal tests) of
IEC 60034-1:2022.

5.4 Frequency

Dur[ng tests, the average supply frequency shall be within £0,1 % of the frequency required for
the fest being conducted.

5.5 Instrumentation
5.5/ General

Environmental conditions shall be within the recommended range-given by the instrument
marnufacturer. If appropriate, temperature corrections according to the instrunpent
marnufacturer's specification shall be made.

Digital instruments shall be used whenever possible.

For|analogue instruments accuracy is generally expressed as a percentage of full scale,|the
range of the instruments chosen shall be as smallxas practical.

Thel|full scale of the instrument, particularlythe current sensors, shall be adapted to the power
of the machine under test.

Forlanalogue instruments the observed values should be in the upper third of the instrunpent
range.

When testing electric machines under load, slow fluctuations in the output power and other
megsured quantities may_be unavoidable. Therefore, for each load point many read
(typjcally many hundred\readings) shall be taken automatically by a suitable digital meter
a period of several fluctuation cycles, at least 5 s but not more than 60 s and this average ghall
be dsed for the determination of efficiency.

5.5.2 Measuring instruments for electrical quantities

Thel measuring instruments shall have the equivalent of an accuracy class of 0,2 in case pf a
direct test and 0,5 in case of an indirect test in accordance with IEC 60051. The measuring
equ ' i 2 70 i 1,0
and shall include all errors of instrument transformers or transducers, if used.

NOTE For a routine test as described in IEC 60034-1 an accuracy class of 0,5 is sufficient.

In the case of AC machines, unless otherwise stated in this standard, the arithmetic average of
the line currents and voltages shall be used.

5.5.3 Torque measurement

The torque measuring device shall have a minimum class of 0,2. The minimum torque measured
shall be at least 10 % of the torque meter’'s nominal torque. This applies also to part load
measurements, because of increased instrument uncertainty at small readings. If a better class
instrument is used, the allowed torque range can be extended accordingly.
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NOTE For example class 0,1 means 5 % of the torque meter’s nominal torque.

Allowed torque measuring device are an inline torque meter or a reaction torque sensor between
the machine and its base. In the latter case the machine is directly coupled to the load. See
Figure 2.

It shall be noted that the temperature of the torque sensor (i.e., due to proximity to the rg
be higher than the ambient temperature and is acknowledged>fo have a signifi¢ant

may
con
sha
corr

Par

5.54 Speed and frequency measurement

The
sca

NOT
(see

5.5.
The

5.6
Unl

5.7
5.7.

Motor —C}— Load Motor - Load
|
L\ v
Inline torque meter Reaction torque meter

IEC

Figure 1 — Torque measuring devices

ribution to overall uncertainty. In that case the contribution of temperature to the uncertg

ection shall be applied.

hsitic loads should be minimized by shaft alignment and the use of flexible couplings.

instrumentation used to measure supply frequency shall have an accuracy of +0,1 % of
e. The speed measurement should be accurate within 0,1 revolution per minute.

Annex C).
5 Temperature measurement

instrumentation used tomeasure temperatures shall have an accuracy of +1 K.

Units

bss otherwise specified, the units of values are Sl-units as listed in IEC 60027-1.

Resistance

1 Test resistance

tor)

inty

| be limited to 0,15 % of full scale. If that is not practical,~an appropriate temperature

full

E  For asynchronous machines, the measurement of slip by a suitable method may replace speed measurement

Win

dind resistance R is the ohmic value, determined by appropriate methods.

For DC machines, R is the total resistance of all windings carrying armature current (armature,
commutation, compensating winding, compound winding).

For

DC and synchronous machines, R; is the field winding resistance.

For polyphase AC machines, R = R) is the line-to-line average resistance of the stator or
armature winding according to 3.14.3. In the case of wound rotor induction machines, R, | is the
rotor line-to-line average resistance.
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The measured resistance at the end of the thermal test shall be determined as soon as possible
but not after more than twice the interval as specified in Table 6 of IEC60034-1:2022. Additional
readings shall be taken at intervals of approximately 1 min until these readings have begun a
distinct decline from their maximum value. A curve of these readings shall be plotted as a
function of time and extrapolated to zero. The value of temperature thus obtained shall be
considered as the temperature at shutdown.

The measured temperature of windings shall be determined according to 5.7.2.

5.7.2 Winding temperature

Thelmeasured winding temperature shall be determined by one of the following methods (shpwn
in ofder of preference):

a) femperature determined from the rated load test resistance Ry by the cextrapoldtion
procedure as described in 5.7.1;
b) temperature measured directly by either ETD or thermocouple; if_ the temperaturg is

measured by more than one ETD or thermocouple, the average of alf readings shal| be
aken;

c) femperature determined according to a) on a duplicate machineof the same construction
And electrical design;

d) |f load capability is not available, determine operating temperature according to
EC 60034-29;

e) [f the rated load test resistance Ry cannot be measured directly, the winding temperature

hall be assumed to be equal to the reference-femperature of the rated thermal class as
jiven in Table 1.

Table 1 — Reference temperature

Thermal class of the insulation system Reference temperature
°C
130 (B) 95
155 (F) 115
180(H) 135

If tHe rated temperature rise or the rated temperature is specified as that of a lower thelmal
clags than that used in the construction, the reference temperature shall be that of the Igwer
thenmal class;

Motprs thai are subject to check testing for regulatory purposes are not to be dismantled. In
that| case; measurement of winding temperature shall be by the change of resistance methpd;

5.7.3 Correction to reference coolant temperature

If required, the winding resistance values recorded during test shall be referred to a standard
reference temperature of 25 °C. The correction factor to adjust the winding resistance (and the
slip in the case of cage induction machines) to a standard reference coolant temperature of
25 °C shall be determined by

_235+0,, +25-0, 1
- 235+40, M

6
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where

kg
0
17

C

w

is the temperature correction factor for windings;
is the primary coolant temperature during test;

is the winding temperature according to 5.7.2.

The temperature constant 235 is for copper; this should be replaced by 225 for aluminium
conductors.

For machines with water as the primary or secondary coolant, the water reference temperature

sha
by &

5.8

Tes

obtain test conditions equal or very similar to normal operating conditions-

For
IEC

It is
con

The
ess
are

obtaining the test data.

For

to the specified rating. For induction meters with wound rotor having a brush lifting device,

brus
on 1

For
insg
dev

The
and

If th
sep

greement.

State of the machine under test and test categories

ts shall be conducted on an assembled machine with the essential components in placs

handling of sealing systems for efficiency classification retated measurements
60034-30-1.

preferable that the machine be selected randomly from<series production without spe
siderations.

sub-tests that make up a test procedure shall be pé&rformed in the sequence listed. It is
pntial that the tests be carried out immediately one’after another. However, if the sub-t
performed with delay, then the specified thermal conditions shall be re-established prid

machines with adjustable brushes, the brushes shall be placed in the position correspon

hes shall be lifted during tests, .with the rotor winding short-circuited. For measurems
o-load, the brushes shall be placed in the neutral axis on DC machines.

machines having brushesyduring the rated load test, and prior to any measurement, a vi
ection shall be done te’ check if the brushes are fully bedded, and a proper ski
bloped.

bearing lossgs.depend on the operating temperatures of the bearings, the type of lubri
lubricant temperature.

e losses-in a separate lubricating system of bearings are required these should be li
hrately.

| be 25 °C according to Table 5 of IEC 60034-1:2022. Alternative values may be specified

b to

see

cial

not
psts
r to

jing
the
ents

sual
N is

cant

sted

In the case of motors which are furnished with thrust bearings, only that portion of the thrust

bea

Fric

ring loss produced by the motor itself shall be included in the total losses.

tion losses due to thrust load may be included by agreement.

If the tested machine uses direct flow cooling of the bearings, these losses are distributed
between the tested machine and any other one coupled to it mechanically, such as a turbine,
in proportion to the masses of their rotating parts. If there is no direct flow cooling, the
distribution of bearing losses shall be determined from empirical formulae by agreement.
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5.9 Excitation circuit measurements

Determination of voltage U, and current /, (see 3.13.3.2) depends on the configurations of the

excitation system (see 3.13.3.3). Where applicable, test data shall be recorded according to the
following:

a) for machines excited by shaft driven, separate rotating, static and auxiliary winding exciters
(see 3.13.3.3 a), c), d) and e)), voltage U, and current I, are measured:

— at the excitation winding terminals of DC machines;
— at the field winding slip-rings of synchronous machines;

b) for machines excited by brushless exciters (see 3.13.3.3 b)), test data shall be recorded by
bither of the following methods:

- voltage U, measured using auxiliary (provisional) slip-rings connected. te the field
winding ends. From the voltage and resistance R, determine the field.Winding curfent

I =%:%. The field winding resistance is to be measured after switching off|the
e f

machine using the extrapolation procedure according to 5.7.1;

- voltage U, and current I, measured using power slipsrings suitable for direct
measurement of field winding current.

NOTE The difference between U, and U; (voltage drop of brushes) is in‘practice almost negligible.

Volfages and currents shall be measured at stabilized {emperatures.

The| excitation circuit losses P, are determined according to 7.1.3.2.1.5 (synchronous
maghines) or 8.3.2.1.5 (DC machines).

5.10 Ambient temperature during testing

Thel ambient temperature should be in‘the range of 15 °C to 40 °C.

6 |Test methods for the determination of the efficiency of induction machines

6.1 Preferred testing methods
6.1/ General

Thig document defines three different preferred methods with low uncertainty within the gjven
range of apptication, see Table 2. The specific method to be used depends on the type or rating
of the machine under test:

Method 2-1-1A: Direct measurement of input and output power by using a torque measufing
device. To be applied for all single phase machines.

Method 2-1-1B: Summation of separate losses. Additional load loss determined by the method
of residual loss. To be applied for all three phase machines with rated output power up to 2 MW.
See also Annex D.

Method 2-1-1C: Summation of separate losses. Additional load loss determined by the method
of assigned value. To be applied for all three phase machines with rated output power greater
than 2 MW.
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Table 2 — Induction machines: preferred testing methods

Reference Method Description Subclause Application Required facility
2-1-1A Direct Torque 6.1.2 All single phase Torque measuring
measurement: measurement machines device for full-load
Input-output
2-1-1B Summation of P, determined 6.1.3 Three phase Torque measuring
losses: from residual loss machines with device for 1,25
i rated output power | x full-load, or load
Residual losses up to 2 MW machine for 1,25 x
full-load with
torque measuring
device
2-1H1C Summation of P, from assigned 6.1.4 Three phase
losses: value machines with
. rated output power
Assigned value greater than 2 MW

6.1.2 Method 2-1-1A — Direct measurement of input and output

6.1.2.1 General

Thig is a test method in which the mechanical power P ¢+, ©f a machine is determined by
megsurement of the shaft torque and speed. The electrical.power P of the stator is measyred

in the same test.

Input and output power are:

in motor operation: Py = Pg); Py = PecndSee Figure 2);

in denerator operation: P4 = Ppachi P2 = Pgy

_— IEC

(2)

(3)

Figure Z — Sketch tor torque measurement test

For an overview, Figure 3 provides a flowchart for efficiency determination by this test method.
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Direct measurement

l

Output power by torque
measurement device

l

| Efficiency ‘

Figure 3 — Efficiency determination according to method 2-1-1A

6.1.2.2 Test procedure
Coyple the machine under test to a load machine with torque measuring device. Operate|the

maghine under test at the required load until thermal equilibrium is achieyved (rate of change
1 K|or less per half hour).

Redord U, I, Py, n, T, 0.

Immediately after the test, the drift of the torque measuring. device shall be checked. In casg of
a deviation above the allowed tolerance of the torque measuring device, adjust it and repeat
the measurements.

6.1.2.3 Efficiency determination

The| efficiency is:

)
n= A (4)
Input power P, and output power P, are:
in motor operation:™ P = Pg; P2 = Prechs (5)
in deneérator operation: P4 = Ppechs P2 = Pg (6)

where

Prech =2 X T'x n (7)
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6.1

3 Method 2-1-1B — Summation of losses, additional load losses according to the

method of residual loss

6.1.3.1 General

This is a test method in which the efficiency is determined by the summation of separate losses.
The respective loss components are:

For

iron loss;

windage and friction losses;

PeTToOooTo;

hdditional load losses.

an overview, Figure 4 provides a flowchart for efficiency determination by this_test' method.
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‘ Indirect measurement ‘

l

‘ Separate losses ‘

l

Winding resistances at ambient temperature

l

6.1.3.2.1 Rated load test
Winding resistances at rated load test

l

6.1.3.2.2 Load losses
Stator and rotor winding losses

l

6.1.3.2.3 Load curve test
with measurement of torque, speed
and winding resistances

l

6.1.3.2.4 No-load test
Winding resistances at no<lead test

l

6.1.3.2.5, Constant losses
Friction*and windage losses
Iron losses

l

6.1.3.2.6 Additional load losses
from residual loss

l

\ 6.1.3.3.1 Total Iosses‘

l

| 6.1.3.2.2 |

IEC

Figure 4 — Efficiency determination according to method 2-1-1B

6.1.3.2 Test procedure
6.1.3.2.1 Rated load test

Before this load test, measure the temperature and the winding resistance of the motor with the
motor at ambient temperature.

The machine shall be loaded by suitable means with rated output power and operated until
thermal equilibrium is achieved (rate of change 1 K or less per half hour). Record the following
quantities:

- P1aT!11 Uanaﬁecae;

— Ry = R (the test resistance for rated load according to 5.7.1);
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— 0 (the winding temperature at rated load according to 5.7.2).

Immediately after the load test, the drift of the torque transducer shall be checked. In case of a
deviation above the allowed tolerance of the transducer, adjust it and repeat the measurements.

6.1.3.2.2 Load losses
6.1.3.2.2.1 Stator-winding losses and temperature correction

The uncorrected stator-winding losses at rated load are:

P, =15x1?xR (8)

whdre [ and R are determined in 5.7.1.

Determine the stator-winding losses, using the stator winding resistance Ry from the rated load
test] corrected to a reference coolant temperature of 25 °C:

Fsp = Fsxky (9)

whgre kg is the correction according to 5.7.3 for the stator winding.

6.1.3.2.2.2 Rotor winding losses and temperature correction

For|the uncorrected rotor winding losses_use the formula:

B =(P,—Fs—Fe )xs 10)

whdre

1-227 11)

P4, p.and’f are according to the rated load test;

according to the load test as stated above;

P; is according to 6.1.3.2.5.

e

The corrected rotor winding losses are determined using the corrected value of the stator
winding losses:

he=(Py-Fp—Fe )xs

where
Pig is according to 6.1.3.2.5 for a reference coolant temperature of 25 °C;

sg = sx kg is the slip corrected to a reference coolant temperature of 25 °C (see 5.7.3);
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is the correction according to 5.7.3.

3.223 Temperature correction of input power (for a motor)

With the corrected stator and rotor winding losses, the corrected input power is:

6.1.

Thi
tem

Py =P ~(B~PRy+E~Ry)

2.3 Load curve test

test shall be carried out immediately after the rated load test with the motor at{gperafting

erature.

If tHat is not possible, prior to the start of recording data for this test, the temperature ris

the
tem

App
125

perature test.

quigkly as possible to minimize temperature changes in the machine during testing.

NOT]
furth

Er evaluation of the residual losses is limited.

Supply frequency variation between all points shall be less than 0,1 %.

Mes
and
use

sure R before the highest and after the lawest load reading. The resistance for 100 % |

d for loads less than 100 % shall theribe determined as varying linearly with load, using

readling before the test for the highest\lead and after the lowest reading for 25 % load.

NOT

F 2 Resistances may also be determined by measuring the stator winding temperature using a tempera

e of

windings shall be within 5 K of the initial temperature rise 6y, obtained from a rated load

ly the load (shaft power) to the machine at the following six\load points: approximdtely
%, 115 %, 100 %, 75 %, 50 % and 25 % of rated load. These-tests shall be performed as

FE 1 As an indication, the applied load may vary by + 5 % from\the figures given above. The impact o the

oad

higher loads shall be the value determined before the highest load reading. The resistance

the

fure-

sensjing device installed on the windihg. Resistances for each load point may then be determined from meagured

resig
temp

Rec

The

tance before load curve testmultiplied with the ratio of the temperature of the winding at that load point t
erature of the winding measured before the start of the test.

ord for each load-paint: U, I, Py, n, f, T.

stator-winding losses at each of the load points are:

b the

P, =15xI?xR 13)
where I and R are determined according to 6.1.3.2.2 for each load point.
For the rotor winding losses for each of the load points use the formula:
Pr:(P1_Ps_Pfe )xs (14)

where
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Pfe

6.1
The

Alte
are
att

Tes

The
of v

Rec

Det

The
the

For
low

NOT]

B8.2.4 No-load test
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nand f are according to the load curve test;
is according to the load curve test as stated above;

is according to 6.1.3.2.5.

(15)

rnatively, the test may also be carried out with stabilized no-load losses. The'no-load los
considered stabilized when the no-load power input varies by 3 % or less, when meast
vo successive 30 min intervals.

I at the following eight values of voltage, including rated voltage{ so that:

he values at approximately 110 %, 100 %, 95 % and 90 % ef rated voltage are used for
Hetermination of iron losses;

he values at approximately 60 %, 50 %, 40 % and 30:% of rated voltage are used for|
Hetermination of windage and friction losses.

test shall be carried out as quickly as possiblewith the readings taken in descending o
bltage.

ord at each of the voltage values: Uy, [if;"Pp.

prmine the resistance Ry immediately before and after the no-load test.

resistances before and after the test linearly with the electrical power P.

induction machines-Ry is R . Where resistance measurement is impracticable due to
resistances, catculated values are permissible.

sen

resigtance before no-load test multiplied with the ratio of the temperature of the winding at that load point t
temperature of the winding measured before the start of the test.

Forlacoupled machine, Py is determined from 7" and »

ng deviceinstalled on the winding. Resistances for each voltage point may then be determined from meas

no-load test shall be carried out on a hot machine immediately after the load curve test.

interpolated winding resistance of each voltage point shall be calculated by interpolat

ses
red

the

the

rder

ng

ery

F  ResistanCes  may also be determined by measuring the stator winding temperature using a temperafure-

ured
the

6.1.
6.1.

3.2.5 Constant losses

3.2.5.1 General

Subtracting the no-load winding losses from the no-load input power gives the constant losses
that are the sum of the friction, windage and iron losses. Determine the constant losses for
each value of voltage recorded.

Fo=R-FK=Fy+h (16)
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where

B, =15xI§ xRyg (17)

with Ry, o being the interpolated winding resistance at each voltage point.

6.1.3.2.5.2 Friction and windage losses

Fro‘n the four or more consecutive no-load loss points between approximately 60 % of volllage
and|[30 % of voltage develop a curve of constant losses (P.) against the voltage squared (UOZ).

Extfapolate a straight line to zero voltage. Determine the intercept at zero valtage, which is
congidered the friction and windage losses Py, at approximately synchronous speed.

6.1.3.2.5.3 Iron losses
From the values of voltage between approximately 90 % and 110 % of rated voltage, devel¢p a
curye of B, = F, — B, against voltage Uj.

To fletermine the iron losses at full load the inner voltage U; that takes the resistive volfage
drop in the primary winding into account shall be calculated:

2 2
Ui:\/{U—§~I~R~COSgoJ +{§~I~R~Sih(o} for a motor 18)
2 2
U =\/(U +§~I~R-cos<n] +(§-1-R-sin¢} for a generator 19)

Where

P .
cosp=—1——: sing=+1-cos?¢p 20)

«/§><U><I

U, P4, I and R are from the load test according to 6.1.3.2.1.

The iron losses at full load shall be interpolated from the iron losses over voltage Uy curve at
the voltage U;.

NOTE The iron losses at full load may be calculated by using the ratio (Ui/UN)2 applied to the iron losses at no-
load.

Because the stator leakage inductance is unknown, the voltage is only considering the resistive
voltage drop. Due to the low power factor at no-load, the resistive voltage drop is negligible
during the measurement itself and shall only be taken into consideration for the load values.
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3.2.6 Additional load losses P |

3.2.6.1 Residual losses P,

The residual losses shall be determined for each load point by subtracting from the input power:
the mechanical output power, the uncorrected stator winding losses at the resistance of the
test, the adjusted iron losses, the corrected windage and friction losses, and the uncorrected
rotor winding losses corresponding to the determined value of slip.

The iron losses at each load point shall be interpolated from the iron losses over voltage U,

curyeatrtne voitage Ui rortne respeCIive 10ad pOiﬂI.
Ry =B =P =R ~F-Be—By; 21)
P, =2zx-T-n for a motorand P =2z-T-n for a generator. 22)
where
P = Bo -(1=5)%° with S=1—p;n 23)
are [the corrected friction and windage lossesy
6.1.3.2.6.2 Smoothing of the residual loss data
The|residual loss data shall be sméothed by using the linear regression analysis (see Figurg 5)
basgd on expressing the lossesfas a function of the square of the load torque according to[the
relationship:
R, =AxT?+B 24)
A and B are\constants determined from the six load points using the following formulas:
N (o 72\ N'p N g2
B\ L5 T S B LS T
A is the slope according to 4= 2 2 (25)
X(r) -(Zr)
2
B is the intercept according to B= Z{D” -4 ZT (26)

i

is the number of load points summed.


https://iecnorm.com/api/?name=91077195c4bbcee6a969769620e3463a

- 30 - IEC 60034-2-1:2024 © |EC 2024

The intercept B should be considerably smaller (< 50 %) than the additional load losses P, at
rated torque. Otherwise the measurement may be erroneous and should be checked.

NOTE The intercept B may be positive or negative. Figure 5 shows an example for positive intercept B.

Pird ® from measurements
P

P, =AT2+B

/ PLL = AT2
m" (slope = 4)

72
IEC

Figure 5 — Smoothing of the residual loss)data

The| correlation coefficient is calculated as

i-Z(PLr 'Tz)_(ZPLr)'(ZTZ)
-
[T et )

27)

If the correlation coefficient y is less than 0,95, delete the worst point and repeat the regressfion.
If y|increases to = 0,95, use the,second regression; if y remains less than 0,95, the test is
unshptisfactory and errors in theLinstrumentation or test readings, or both, are indicated. [The
soufce of the error should be\investigated and corrected, and the test should be repeated. In
caseg of sufficient test data\a/correlation coefficient of 0,98 or better is likely.

If the slope constant@\is established, a value of additional load losses for each load point ghall
be determined by Gsing the formula:

R =AxT? 28)

6.1.3.3 Efficiency determination
6.1.3.3.1 Total losses

The total losses shall be taken as the sum of the adjusted iron losses, the corrected friction and
windage losses, the load losses and the additional load losses:

Pr=Re+hBy+Fo+tho+ R, (29)

where
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By = Byo - (1-59)%° (30)

the corrected friction and windage losses.

3.3.2 Efficiency

efficiency is determined from

_Be-Pr_ B
Be  B+h

FE  Usually, the first expression is preferred for a motor, the second one for a generator.

whdre

P4 g Is the temperature corrected input power from the rated load test;

Py

6.1

6.1.

is the output power from the rated load test.

" Method 2-1-1C — Summation of losses with‘additional load losses from

assigned allowance

4.1 General

As method 2-1-1B, this test method determines efficiency by the summation of separate los

For

val
req

the reason that full load testing as reguired by method 2-1-1B is in general not practica

e for the additional load losses. Therefore the full load test and the load curve test are
ired for method 2-1-1C.

rati{gs above 2 MW, this method is based on a load test with reduced voltage and an assig

Apart from this, method 2-1=1C’is similar to method 2-1-1B.

For

31)

5Ees.
for
ned
not

an overview, Figure\6 provides a flowchart for efficiency determination by this test method.
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‘ Indirect measurement ‘

Separate losses

l

| Winding resistance at ambient temperature |

l

|6.1.4.2.1 Load test at reduced voltage|

l

6.1.4.2.2 Load losses
Stator and rotor winding losses
including temperature correction

l

\ 6.1.4.2.3 No-load test‘

l

6.1.4.2.4 Constant losses
Friction and windage losses
Iron losses

l

6.1.4.2.5 AdditionalMoad losses
from assigned value

l

[6.1.4.3.1 Total Iosses|

l

| 6.1.4.3.2 Efficiency |

IEC

Figure 6~ Efficiency determination according to method 2-1-1C

6.1.4.2 Test-procedure

6.1.4.2.1 Load test at reduced voltage

For|large machines which cannot be tested at full load, the load test at reduced voltage ig an
appropriate method. The Tollowing are required: a load test wi € machine aciing as a motor
at reduced voltage U,q at rated speed, a no-load test at the same reduced voltage U4, and a

no-load test at rated voltage and rated frequency.

Using this method, it is assumed that at reduced voltage, while keeping the speed constant,
currents diminish as the voltage and power diminishes as the square of the voltage.

Operate the machine using the maximum available load with a decrease in voltage to achieve
rated speed. Operate to achieve thermal equilibrium.

At reduced voltage, record: Ueq, Ireq: P1red: Loredr €OS(Qgreq)-

At rated voltage and no-load, record: Uy, I, cos(¢).
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From the result of such a test calculate the current under load and the absorbed power at rated
voltage:

U,
I=Ieq—+ 414 (32)
Ured
where
. . U, .
ALy =—j(|Lo| sin g — |£o,red|U—N siNgg req) 33)
red
2
Un
B :P1,redx(U ] 34)
red

NOTE Underlined current symbols indicate vectors (see Figure 7).

By means of the values I and P, thus determined, and-with the slip measured at redyced
voltage, it is possible to calculate the load losses, similar to a load test at rated voltage.

Re A

+] Al
IEC

Figure 7 — Vector diagram for obtaining
current vector from reduced voltage test

6.1.4.2.2 Load losses

The determination of load losses is similar to 6.1.3.2.2.

6.1.4.2.3 No-load test

The no-load test shall be carried out on a hot machine immediately after the load test.

The no-load test is similar to 6.1.3.2.4.
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6.1.4.2.4 Constant losses
The determination of the constant losses is similar to 6.1.3.2.5.
6.1.4.2.5 Additional load losses P |

The value of additional load losses P|| at rated load shall be determined as a percentage of
input power P4 using the curve in Figure 8.

3
Additional
load losses
in % of
input power
P
{—LLJ x 100 N
P1 \
N
N
2 h
\\
\\
\
N
X
\
1 N
\\
\\
N
N
0
0,1 1 10 100 1000 10000 100 000
Rated output P, (kW)
Figure 8 — Assigned allowance for additional load losses P,
The| values of the curve may be described by the following formulas:

forP2S1kW R_L :P]X0,0ZS

for 1 kW <P, <10000 kW R, =P x{0,025—0,005 '0910[%”

for P, 2 10 000 kW R\ = P,x0,005
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For other than rated loads, it shall be assumed that the additional load losses vary as the square
of the primary current minus the square of the no-load current:

2 _ 12
0

P (1) = P (Iy) X R
IN _ION

NOTE The curve does not represent an average but an upper envelope of a large number of measured values, and
may in most cases yield greater additional load losses than 6.1.3.

6.1.4.3 Efficiency determination

6.1.|4.3.1 Total losses

The] total losses shall be taken as the sum of constant losses, load losses and additional load
losges:

Pr=P+R+PR+R 35)
6.1.4.3.2 Efficiency
Thel efficiency is determined from
P - P
y =D h__ B 36)
P B+Pr

NOTE Usually, the first expression is preferred for a’motor, the second one for a generator.
6.2| Testing methods for field or_routine-testing
6.2.11 General

Theise test methods may beused for any test, i.e. field-tests, customer-specific acceptgnce
testp or routine-tests.

addition, preferred.methods of Table 2 may also be used outside the power range identified
in Table 2.

Methods defined by this document are given in Table 3.
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Table 3 — Induction machines: other methods

Reference Method Description Subclause Required facility
2-1-1D Dual-supply-back-to-back | Dual-supply, back-to-back 6.2.2 Machine set for full-load;
test two identical units
2-1-1E Single-supply-back-to- Single-supply, back-to- 6.2.3 Two identical units
back back test (wound rotor)
2-1-1F Reverse rotation P, from removed rotor 6.2.4 Auxiliary motor with rated
and reverse rotation test power up to 5 x total
losses
2-1FTG En-star P [Ton EN-star 1est .25 Windmg shatt be
connected in star
connection.
2-1H1H Equivalent circuit Currents, powers and slip 6.2.6 If test equipment for other
from the equivalent circuit tests is not available (rfo
method, P, from possibility of applying
assigned value rated .Ioad, no duplicat¢
machine)

6.2.2 Method 2-1-1D — Dual supply back-to-back-test
6.2.2.1 General

Forfan overview, Figure 9 provides a flowchart for efficiency determination by this test method.

Direct measurement

|

Dual-supply
back-to-back
test

l

’ Efficiency ‘

IEC
Figure 9— Efficiency determination according to method 2-1-1D

6.2.2.2 Test-procedure

Meghanically, couple two identical machines together (see Figure 10).

Tesks~are made with the power supplies exchanged but with the instruments and instrument

transformers remaining with the same machine.

Py, Iy —— —— Py, Ig

Mo SG
v Un (—}—-;-{) Jo Us

— — IEC

Figure 10 — Sketch for dual supply back-to-back test
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Connect the driven machine (induction generator) terminals to either a machine set or a
converter, supplying reactive power and absorbing active power. Supply one machine (the
motor for motor rating, the generator for generator rating) with rated voltage and frequency; the
second one shall be supplied with a frequency lower than that of the first machine for generator
operation or higher for motor operation. The voltage of the second machine shall be that
required to result in the rated voltage-to-frequency ratio.

Reverse the motor and generator connections and repeat the test.

For

each test, record:

6.2.

v Im» P1, fu» sy for the motor;
U, 1g, P2, fg, sg for the generator;
p

c:

2.3 Efficiency determination

If identical machines are run at essentially the same rated conditions,\the efficiency shal

cald
pow

whe

6.2
6.2.

For

ulated from half the total losses and the average of motor input power and generator ou
er as follows:

re

1
Pr=—(B-P
T 2(1 %)

3 Method 2-1-1E - Single supply back-to-back-test

3.1 General

Indirect measurement

l

L

Single-supply
back-to-back
test for wound
rotor induction
machines

Efficiency

IEC

Figure 11 — Efficiency determination according to method 2-1-1E

be
put

37)

38)

an overview,Figure 11 provides a flowchart for efficiency determination by this test method.


https://iecnorm.com/api/?name=91077195c4bbcee6a969769620e3463a

- 38 - IEC 60034-2-1:2024 © |EC 2024

6.2.3.2 Test procedure

This test is applicable to wound-rotor induction machines. Mechanically couple two identical
machines together and connect them both electrically to the same power supply so as to operate
at rated speed and rated voltage, one as a motor and the other as a generator.

The rotor winding of the motor shall be short-circuited and the rotor winding of the generator
shall be connected to a polyphase supply suitable to deliver rated rotor current at slip-
frequency. The desired motor-power will be achieved by adjusting frequency and current of the
lower frequency power supply.

For|each test, record:

- Uy, Py, 14 of the power-frequency supply;
- U, I, P, of the low-frequency supply;

— P\ absorbed at the motor terminals;

— Pg delivered at the generator terminals;
- b
6.2.3.3 Efficiency determination

If identical machines are run at essentially rated conditions, the efficiency is calculatedq by
ass|gning half the total losses to each machine.

Ca

tulate the efficiency from

p=1-—- 39)

whedre

Py |is the power absorbed atithe terminals of the machine acting as motor;

P |is the total losses, defined as half the total absorbed, for wound-rotor induction machines

as follows: Py =%(P1 +R)

6.2.4 Method 2-1-1F — Summation of losses with additional load losses determined
by'test with rotor removed and reverse rotation test

6.2.|4.1 General

As method 2-1-1B, this test method determines efficiency by the summation of separate losses.
But in this case the additional load losses are determined by a combination of two individual
tests: the test with rotor removed and the reverse rotation test. Apart from that, method 2-1-1F
is similar to method 2-1-1B.

For an overview, Figure 12 provides a flowchart for efficiency determination by this test method.
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| Indirect measurement |

Separate losses

l

Winding resistance at ambient temperature

6.1.3.2.1 Rated load test

Winding resistance at rated load test

l

6.1.3.2.2 Load losses
Stator and rotor winding losses

l

6.1.3.2.4 No-load test
Winding resistances at no-load test

l

6.1.3.2.5 Constant losses
Friction and windage losses
Iron losses

l

6.2.4.2 Additional load losses
from test with reterremoved and
reverse-rotation test

l

(6:2:4.3.2 Total losses

l

16.2.4.3.3 Efficiency |

IEC
Figure 12 .~ Efficiency determination according to method 2-1-1F

6.2J4.2 Test procedure

Apadrt from the{determination of the additional load losses, the same procedures as in 6.1(3.2
shall be applied, except that the torque does not need to be measured.

The| r&€quired combination of tests for the determination of the additional load losses ig as
follows:

a) with the rotor removed (for the fundamental frequency additional losses);
b) with the machine rotating at synchronous speed opposite to the magnetic field, driven by
external means (for the higher frequencies losses).

During both tests, the stator shall be supplied by a balanced polyphase current of rated
frequency for four currents between 25 % and 100 % rated current, and two currents above and
of not more than 150 % rated current. Calculate the (rotor) load current I, :

I =1 -12 (40)
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where
1  is the value of stator current during the test giving a desired load current;
Iy is the no-load current at rated voltage.

NOTE Due to lack of cooling, the current is usually limited to 125 % or 115 % for 2-pole machines to reduce the
risk of overheating.

6.2.4.2.1 Test with the rotor removed

For this test, all parts in which eddy currents might be induced, for example end shields and
bearing parts _shall be in place Apply load current

Forleach load current, record (symbols indexed "rm"): Py 0, I} m, Ry, ©

rm> “w,rm.-

6.2.4.2.2 Reverse-rotation test

For|this test, couple a completely assembled machine to a driving motor with an oupput
cappbility of not less than rated total loss and not more than five times thesrated losses of| the
maghine to be tested. For wound-rotor machines, the rotor terminals shall be short-circuited.

Drie the machine under test at synchronous speed in the directionreverse to the rotation when
fed jn normal phase sequence:

a) ithout voltage applied to the stator until friction losses-are stabilized. Record: P . supglied
by the driving machine at 7 = 0;
b) with voltage applied to the stator to obtain stator current values equal to those for the ftest
with rotor removed. For all test currents, record (symbols indexed "rr"): 1| ., Ry, Py ;9
or the test motor; Pp . of the drive motor.

w,rr

Thellow power factor of the tests may require a phase error correction to all wattmeter readings.
6.2.4.3 Efficiency determination
6.2.4.3.1 Additional load losses

Smgoth the test values of the stator powers B, and B, , and the shaft power (PD,,.r - Ry ) by

applying a regression ahalysis to the log of powers and currents, resulting in the relationships
belqw:

N . N2 . N3
P 1em= Ay x 1 +BL,rm’ R],rr = Ay x 17" + B 5 (PD,rr _PO,rr) = AD,rr x1 +BD,rr 41)

Th tloo-al HIT|
SITTOULNTTU YUWTT S WITT

4lo lo £all
UIcTT T as TUINMUWS.

N1. N2. N3
Pirm = A x 175 Py = A X177 (PD,rr _PO,rr) =dp e x 1 (42)

If the data are accurate, each curve will show a close square-law relationship between power
and current.
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additional load losses are: B, =R ., + R Where for each test current:

Rim =P m —(3><12 st’rm) is the fundamental frequency loss (43)

where
Rsrm is the stator phase resistance referred to the average of the temperatures 6y p,;
Rt =(Bon _PO,rr)_(P1’rr ~Rlm —(3x12 XRs,rr) ) is the higher frequencies loss
whdre
Rs i  is the stator phase resistance referred to the average of the temperaturesyoyy ., -
Theladditional load loss at a specified operating point can be determined in the following steps.
a) [alculate an approximate value for the rated load current I corresponding to the rated
value of stator line current:
InL =IG - 18 44)
vhere
[\ is the rated value of stator line current;
[0 is the value of no-load stator current:
-or the value of load current I , calculate a rated value of stray load loss Py | as follgws:
3 1 2 2
RiLL = Aprr X ]KIVL w24m XII{IVL = A ><]lile - 6INL ><(Rsrm _0!5Rsrr) 45)
b) Lalculate the value of load current I at any operating point:
I =412 - 12 46)
vhere
;O thc OthUI :;IIG \;UIIUIIt Gt thc Upclat;ll\\.’ pU;IIt.
c) Calculate the stray load loss P| | at the operating point:
;2
R =R X(—LJ (47)

Ine
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6.2.4.3.2 Total losses

024

The total losses shall be taken as the sum of constant losses, load losses and additional load
losses:

The

Pr=FR+F+h+RL (48)
6.2.4.3.3 Efficiency
efficiency is determined from
P - P
y =D h__ B 49)
B BtR

6.2.

6.2.

As method 2-1-1B, this test method determines efficiency by the summation of separate los

But
met

For

re
is the input power from a rated load test;

is the output power.

5 Method 2-1-1G — Summation of losses with additional load losses determine
by Eh-star method

5.1 General

in this case the additional load losses.are determined by the Eh-star test. Apart from {
hod 2-1-1G is similar to method 2-1-1B.

5es.
hat,

an overview, Figure 13 provides.a flowchart for efficiency determination by this test method.
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| Indirect measurement |

Separate losses

l

Winding resistance at ambient temperature

l

6.1.3.2.1 Rated load test

Winding resistance at rated load test
9

l

6.1.3.2.2 Load losses
Stator and rotor winding losses

l

6.1.3.2.4 No-load test
Winding resistances at no-load test

l

6.1.3.2.5 Constant losses
Friction and windage losses
Iron losses

l

6.2.5.2 Additional load losses
from Eh-star test

|

| 6.2.5.3:3 Total losses |

l

| 6.2.5.3.4 Efficiency |

IEC
Figure 13 — Efficiency determination according to method 2-1-1G

6.2.5.2 Test procedure

Apdrt from the determination of the additional load losses, the same procedures as in 6.1(3.2
shal|l be applied.

The| procedure for the determination of the additional load losses requires operating|the
uncpupledsmotor with unbalanced voltage supply. The test circuit is according to Figure 14{

Motors tated for and connected In delta-connection shall be reconnected 10 star-connection
during this test. The star-point shall not be connected to system neutral or earth, to avoid zero-
sequence currents.

The third motor-phase shall be connected to the power-line by means of a resistor R, (see
Figure 14) having approximately the following typical value:

, U
for motors rated for star-connection: Ren B N[ 0,2 (50)
"IN
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_V3-Un 4,

for motors rated for delta-connection: Rén ]
N

(51)

The resistor R, used during the test shall be adjusted so that the positive sequence current
L1y stays below 30 % of negative sequence current o) and the speed stays in the range of

typical motor speeds near rated speed (see below). It is recommended to begin the test with an
actual resistor R, that differs no more than 20 % from the typical value R._,..

. L * L
Uuv
P
o v -
®
\Y

L1L2L3

1>—o)<c I ° o

P
e 5 W)

Figure 14 —Eh-star test circuit

IEC

Tes} current /; is given by

for |motors rated for star-connection: 7, = /1,2 — 1,2 52)
I\ - 12
formotors ratgd for delta-connection: ~ j, = N"N__"0 53)
V3
Test voltage U, is given by
for motors rated for star-connection: Ui = Uy (54)
for motors rated for delta-connection: Uy = Uy \/§ (55)

Prior to the test the no-load losses have to be stabilised according to 6.1.3.2.4.
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Measure and record the resistance between the terminals V and W (R,,) before and after the
complete test.

In order to avoid excessive unequal heating of the three phases, the test shall be conducted on
a cold machine and carried out as quickly as possible.

Large motors can only be started without the R, resistor (switch S to position 1, see Figure 14)
at reduced voltage (25 % — 40 % Uy). After run-up connect R, by switching to position 2.

Var

Wh
low

The

determined after the lowest reading (at the end of the test). Theresistance used for currg
higher than 100 % shall be determined as being a linear function,of current, using the read
re and after the complete test. The test resistance is détermined using the extrapolation

befd
acc

Redord for each test point: 1y, Iy, Iy, Uyys Uyw Uwls Puvs Pwys 7 -

Itis

NOT

needed.

equrlly spaced between 150 % and 75 % of rated phase current measured in‘phase V

the supply voltage for six test points. The test points shall be chosen to be approxim3

n starting the test, begin with the highest current and proceed in descending order to
pst current.

brding to 5.7.1.

understood that in this test no averaging of'phase resistances is permissible.

s not

tely
Iy).
the

line-to-line resistance R,y for 100 % test current and lower cutrénts shall be the value

bnts
ngs

F  Resistances may also be determined by measuring the stator winding temperature using a temperafure-

sensjing device installed on the winding. Resistances for each load point may then be determined fron] the
temperature of the winding at that point in relation to the resistance and temperature measured before the stgrt of

the t

Pst.

Some commonly used integrated wattmeters symmetrize the three phases by an internal virtual

star] connection. However, <inothis test the power supply is intentionally unsymmetr
refore, it is essential tolensure that neither earthing of the star point nor a virtual star point

The
ise

In o

stablished. The provided test circuit (see Figure 14) should be strictly applied.

rder to achieve acturate results the slip shall be not greater than twice the rated slip fo

cal.

r all

curtents, in othefiwords: n > ng, — 2:(ngy, — ny). If this condition cannot be met the test ghall
be fepeated-with an increased value of R,,. If the motor still runs unstable at currents beglow

100

6.2.
6.2.

For

6.2.

% of rated phase current these test points should be omitted.

5.3 Efficiency determination

5.3.1 Additional load losses

each test point calculate the values using the formulas in Annex A.

5.3.2 Smoothing of the additional-load loss data

The additional-load loss data shall be smoothed by using the linear regression analysis (see
Figure 5).

The losses shall be expressed as a function of the square of the negative sequence current /; 5,

rela

ted to test current /.
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I 2
1L=A{ja]+3 (

A and B shall be computed similar to the procedure described in 6.1.3.2.6.

56)

When the slope constant 4 is established, the value of additional load losses for rated load shall

be ¢

6.2.

The
loss

6.2.
The

6.2.

6.2.

Thig
per

efficiency is determined from

- o B
PN P+Pr

}7:

E  Usually, the first expression is preferred for a motor, the second one for a generator.
re

is the input power from a-rated load test;

is the output power.

6 Method 2-1-1H — Determination of efficiency by use of the equivalent circuit
parameters

6.1 General

the

phase circuit of an induction machine, including an equivalent iron-loss resistor parallj

57)

etermined by using the formula B = Ax 1 2
5.3.3 Total losses
total losses shall be taken as the sum of constant losses, load losses and‘\additional load
es:
Pr=P +PR+R+RL
5.3.4 Efficiency

58)

method may be applied if a load test is not possible. It is based on the conventional T-model

| to
red

to the stator side; this is indicated by the presence of an apostrophe * at the symbols for example

X

ar:

Iy —» -],
o L | L1
Ry Xos Xor R
U Xm Rfe \—Y—S)
Z(s)
O

IEC

Figure 15 — Induction machine, T-model with equivalent iron loss resistor
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Application of the method to cage induction machines requires the following designed values to
be available.

X
- & ratio of stator leakage reactance to rotor leakage reactance.
XOI’
- o temperature coefficient of the rotor windings (conductivity referred to 0 °C).

- Xgs, Xy stator leakage and magnetizing reactances.

NOTE 1 When using the equivalent circuit method, all voltages, currents and impedances are per phase values for
a thrge-phase machime T Y-CONNection,; actve and reactiVe pPOWers are per compiete machine.

NOTE 2 For copper a, = 1/235 and for aluminium a, = 1/225.

Forfan overview, Figure 16 provides a flowchart for efficiency determination by this)test method.

| Indirect measurement |

Separate losses

l

‘ 6.2.6.2.1 No-load test |

Tests at réduced
frequeneyor at
rated.frequency

l

6.2.6.3.3 Equivalent
circuit parameters

l

l Efficiency |

IEC
Figure 16 — Efficiency determination according to method 2-1-1H

6.2.6.2 Test-procedure

6.2.6.2.1 No-load test

Thelne+<load losses shall be stabilized at rated frequency and voltage.

The no-load losses are considered stabilized when the no-load power input varies by 3 % or
less, when measured at two successive 30 min intervals.

6.2.6.2.2 Tests at reduced frequency

With the rotor of the machine locked, supply power from a three-phase, adjustable-frequency
converter capable of furnishing up to 25 % of the rated frequency at rated current. An average
value of impedance shall be obtained from the position of the rotor relative to the stator.

During the tests the frequency converter, either a machine set or a static converter, should
supply practically sinusoidal current at the output.
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rotor windings of wound-rotor machines should be short-circuited for the test.

Supply rated current and take readings for at least three frequencies, including one at less than
25 % and the others between 25 % and 50 % rated frequency. During this quick test the stator
winding temperature increase should not exceed 5 K.

For

at least three frequencies, record: U, I, f, P4, R, 6., 6,

6.2.6.2.3 Tests at rated frequency

Impedance values can also be determined from the following tests.

a) Reactance from a rated frequency, reduced voltage, rated current locked frotor f

b) Rotor running resistance:

NOT]
6.2.
6.2

The

NOT]
threeg

The
usin

a)
b)

6.3.1 Values from measurements

record voltage, current, power, frequency and temperatures.

power, current, slip and temperatures for the load point; or
P) from an open-circuit test, following a stabilized rated frequen€y, rated voltage no-|

after the motor is tripped from a no-load test.
E  This test assumes relatively low current displacement in the rotor;

6.3 Efficiency determination

method is based on the T-model circuit (see Figure 15).

E  When using the equivalent circuit method, all'voltages, currents and impedances are per phase values
-phase machine in Y-connection; active powers and reactive powers are per complete machine.

procedure described in this subelause is based on the test with reduced frequency. W|
g the test with rated frequency(notice the following deviations:

he reactances are calculated in the same manner as in the following;
he rotor running resistance is determined:

- using the testfat rated frequency described in b) by reverse calculation using
equivalent cireuit in Figure 15, assuming a value for R,'. Adjust the value of R until

calculated\power is within 0,1 % of the measured power, or the calculated currer
within 8yN% of the measured current;

- using.the test at rated frequency described in b) by determining the time constant f

Determine R,' from the formula:

est:

1) from a stabilized rated frequency, rated voltage reduced load test: Record voltage,

oad

operation. Record the open-circuit voltage and winding temperature as a function of fime

for a

hen

the
the

tis

rom

the\slope of the plot of the decaying voltage and the time on the open-circuit fest.

(K X
R :;”TTO‘” (59)
where
X, is the magnetizing reactance;
X'gr is the rotor leakage reactance;
f is the line frequency;
Ty is the open-circuit time constant.

Correct the value of R,' to the operating temperature from the test temperature.
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6.3.2 Determine the reactive powers

— from the no-load test at rated voltage U, = Uy and rated frequency

Fao = (3Uoly)* - B2 (60)

— from the locked rotor test at reduced frequency

2
Ry = \/(3UI) - p? 61)
where
/g, Iy and P are phase voltage, phase current and supplied power from the no-load test at
rated terminal voltage;
[/, I and Py are phase voltage, phase current and supplied pewer from the locked rptor
impedance test at the frequencies f of this test.
6.2.6.3.3 Equivalent circuit parameters
6.2.6.3.3.1 General
The| equivalent circuit parameters are determined in-the following steps.
6.2.6.3.3.2 Reactances
Calgulate the reactances X, from the no-lead test and X |- from the locked-rotor test at 25 %
rated frequency:
2 R Xoe X,
X - 3U02 N 1 . Xosjr = Q,Ir x[ os | OSJ
Fao =315 Xos (1 XOS\J 312(1+X?s +Xcs] Xor  Xm 62)
Xm XOT Xm
N ' X
Xos = Xos,Ir Xor =——>— 63)
flr Xos /Xor
Calculate using designed values as start values.
X,
Xgs» Xy and—2 (64)

ar

Recalculate until X, and X,5 deviate less than 0,1 % from the values of the preceding step.
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6.3.3.3 Iron loss resistance

Determine the resistance per phase equivalent to the iron losses at rated voltage from

024

3Uﬁ,ph 1
fe = P X 2 (65)
fe [1 . XOSJ
Xm

whe

6.2.
Det

whd

NOT]
inac

The
lock

Plof

refe

re
is the iron losses according to the procedure given in 6.1.3.2.5 from P, at rated{volta

6.3.3.4 Rotor resistance

brmine the uncorrected rotor resistance for each locked rotor impedance test point:

P v ¥ o(x, )} x2
R;,Ir :[ 12 —stx 14200 | _ ar | . Ztosdr
31 Xm Xos Ree

re

is the stator winding resistance per phase at the corresponding temperature 6,y .

E If the rotor winding temperature deviates much from the stator winding temperature the method will beg
urate.

rotor resistance corrected to reference temperature (see 5.7.2, and Table 1) is, for &
ed rotor impedance test frequency; given by

1+ o ref

R" :R' X
r,Ir r,Ir 1+0‘r9W

a curve of RR,r values against frequency f.. The intercept with £, = 0 results in the st

rred rotoryesistance R;.

ge.

ome

ach

67)

ator

6.2.

G
EN
2

IEC
Figure 17 — Induction machines, reduced model for calculation

6.3.3.5 Load dependent impedances

For each desired load point intermediate, calculate slip dependent impedance and admittance
values (see Figure 17):
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Xy (68)

Calgulate the resulting impedance seen from the terminals:

R=Rg+Ry  X=Xgs+Xy  Z=\R*+X? 69)

whdre
s is the estimated slip;

Rg | is the stator winding resistance per phase at reference temperature 6.

6.2.6.3.4 Currents and losses

The| performance values are determined in the following steps. Determine:

~
1

U ' 1
s 7'\‘ stator phase current; I, = [ —— rotor phase current;
ger

Py = 31;2% air gap power transferred-to the rotor; p, = 3152 iron loss;

2
Y3 Ree

F; 5 SISZRS ; B = 31,12Rr' stator and rotor winding loss;

D \2
1
Rl [FRLN [[—r] additional load losses,
N

frorI a value R, \ at rated load, either by assigned value (method C) or measured by|the
reverse rotation test (method F) or by Eh-star test (method G).

The total losses are:
F=FK+Re+h+R| +hy (70)
Since input and shaft power are P = 3IS2R and B, = P, - Py, the slip shall be corrected, and the

current and loss calculations shall be repeated until P, for motor operation, or P, for generator
operation, is near enough to the desired value.
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The efficiency (motor operation) results from:
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(71)

7 Test methods for the determination of the efficiency of synchronous
machines

7.1
714
Thig

ort

General

Preferred testing methods

document defines three different preferred methods with low uncertainty within the glven
ranme of application, Table 4 and Table 5. The method to be used depends ‘on the frame
e rating of the machine under test:

Size

Method 2-1-2A: Direct measurement of input and output power by-using a torque measuring

dev|ce. To be applied for all machines with a frame size below)or equal 180 mm and

permanent-magnet-excited machines of any rating.

for

Method 2-1-2B: Summation of separate losses with a full foad test and short circuit test for{ the

determination of the additional load losses. To be applied for all machines with a frame

aboje 180 mm and a rated output power up to 2 MW

size

Method 2-1-2C: Summation of separate losses without a full load test. Short circuit test for| the
det¢rmination of the additional load losses. T.0 be applied for all machines with a rated oufput
power greater than 2 MW.

Table 4 — Synchronous machines with electrical excitation: preferred testing methofs

Reference Method Description Subclause Application Required faciljty
2-1F2A Direct -Torque 7.1.2 Machine size: H < Torque measuring
measurement: measurement 180 device for full-lgad
Input-output
2-1t2B Summationof P, from short 7.1.3 Machine size: Machine set for|
losses (with'rated circuit test full-load
loadtestand short H > 180 and rated
cirbuit test output power up to
2 MW
2-1f2C Summation of Excitation current 7.1.4 Rated output
separate losses from Potier / ASA / power greater
without rated load Swedish diagram; than 2 MW
test and P | from P, from short-
short circuit test circuit test
NOTE In the table, H is the shaft height (distance from the centre line of the shaft to the bottom of the feet), in
millimetres (see frame numbers in IEC 60072-1).

Table 5 — Synchronous machines with permanent magnets: preferred testing methods

Input-output

Reference Method Description Subclause Application Required facility
2-1-2A Direct Torque 7.1.2 All ratings Torque measuring
measurement: measurement device for full-load
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7.1.2 Method 2-1-2A — Direct measurement of input and output

7.1.21 General

This is a test method in which the mechanical power P .., Of a machine is determined by
measurement of the shaft torque and speed. The electrical power P of the stator is measured
in the same test.

This procedure is also applicable for synchronous machines with excitation by permanent
magnets.

Inpu

For

7.1.

t and output power are:
n motor operation: Py = Pg; Py = Pech (Se€ Figure 18);
n generator operation: Py = Pechs Po = Pg)-

P

el L —

IEC

Figure 18 — Sketch for torque’measurement test

Direct measurement

l

Output power by torque
measurement device

l

| Efficiency ‘

IEC
Figure 19 — Efficiency determination according to method 2-1-2A

2.2 Test procedure

an overview, Figure 19 provides a flowchart forefficiency determination by this test method.

Cou
ato

Rec

ple either the motor under (est 10 a load machine or the generator under test to a motor
rque meter. Operate the machine under test at the required load.

ord U, I, Pg, n, T, cOS ¢, 0.

If excitation is required, proceed according to 5.9.

with

Immediately after the test, the drift of the torque measuring device shall be checked. In case of
permanent magnet motors, physically uncouple the motor under test, to avoid residual torque
in unexcited condition induced by permanent magnets. In case of a deviation above the allowed
tolerance of the torque measuring device, adjust it and repeat the measurements.
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7.1.2.3 Efficiency determination

The

efficiency is:

"R e

Input power P, and output power P, are:

(72)

NOT]

7.1

71

Thig
The

This
mag

For

n motor operation: Py = Pg; Py = Prochs

n generator operation: Py = P echi Po = Pg-

vhere

Pmech =2m x T % n.

P is according to 5.9.

E  Excitation circuit losses not supplied by P, are mechanically covered from'the shaft.

3 Method 2-1-2B — Summation of separate losses with’a rated load temperature¢

test and a short circuit test

8.1 General

is a test method in which the efficiency is determined by the summation of separate los
respective loss components are:

ron losses;

vindage and friction losses;

stator and rotor copper losses;

bxcitation circuit losses;

pdditional load losses.

nets.

5ES.

procedure is not applicable for synchronous machines with excitation by permanpent

an overview,Eigure 20 provides a flowchart for efficiency determination by this test method.
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| Indirect measurement |

Separate losses

l

| Winding resistances at ambient temperature J

l

| 7.1.3.2.1 Rated load temperature test |

|
v

Load losses
Stator and rotor winding losses
including temperature correction

l

| Excitation circuit losses |

l

| 7.1.3.2.2 No-load test |

l

Constant losses
Friction and windage losses
Iron losses

l

| 7.1.3.2.3 Short-circuit test |

l

‘ Additiohal load losses |

7.1.3.3 Total losses

IEC
Figure 20 + Efficiency determination according to method 2-1-2B

7.18.2 Test procedure
7.1.3.21 Rated load temperature test

7.1.3.2.1.1 General

Befpretthis load test, determine the temperature and the winding resistance of the machine Wwith
the machine at ambient temperature.

The machine shall be loaded by suitable means, with supply power according to the machine
rating and operated until thermal equilibrium is achieved (rate of change of 1 K or less per half
hour).

At the end of the rated-load test, record the average of at least 3 sets of test results:

- PNa INa UNa ](; Hca HN;

RN = R (the test resistance for rated load according to 5.7.1);

Oy (the winding temperature at rated load according to 5.7.2);

Excitation system values according to 5.9.
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.3.21.2 Stator winding losses

Determine the stator-winding losses:

PS 21,5><[2XR||

where

R,

71

is according to 5.7.1, corrected to 25 °C primary coolant reference temperature.

B3.2.1.3 Field winding loss

Thelfield winding loss is

7.1

Inc

the

Pp=1I,-Uy

B8.2.1.4 Electrical losses in brushes
two polarities:

Pb =2><Ub X[e

whdre

is according to the load test;

is the voltage drop per brush_of,each of the two polarities depending on brush type:

1,0 V for carbon, electrographitic or graphite;
0,3 V for metal-carbont

74)

hse of brushes determine brush losses from an assigned voltage drop per brush of each of

75)

The| given values for.the voltage drop per brush (1 V or 0,3 V) may be used if no spegific
information is available.

7.1

B.2.1.5 Exciter loss

Ungouple the/exciter from the main machine (if possible), then couple the exciter to:

a)

b)

h tOrque measuring device to determine the mechanical power input according to the in
hutput method: or

put-

a calibrated driving motor to measure the motor electrical power input.

Connect the exciter (in the case of a synchronous machine excited via slip-rings) to a suitable
resistive load. Operate the exciter unexcited and with voltage Uy and current I for rated load.

Record:

The

Ue, Ig, P, n, Tg for rated load,

T o (the torque with the exciter unexcited).

exciter loss is:
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Beg =21n(Tg ~Tgo )+ P — B (76)

When the exciter cannot be uncoupled from the machine, the exciter losses shall be provided
by the manufacturer.

The total excitation loss is:

Fe=FB+Fq+h 77)

7.1.8.2.2 No-load test
7.1.8.2.21 General

maghine can be tested running as an uncoupled motor or coupled withh a driving machine fand
operating as a generator (supplied power from shaft, measured according input-output methpd).

The| no-load test shall be carried out on a hot machine immediately after the rated load tesj.

When this is not possible the test may also be carried ©out-starting with a cold machine but|the
no-lpad losses shall be stabilized at rated frequency and voltage (by adjusting the excitation
curnent), and unity power factor (minimum current)‘when running as an uncoupled motor.

In tihe case of a synchronous machine with shaft driven exciter (see 3.13.3.3a)), the machine
sholld be separately excited and the excCiter disconnected from its supply and from|the
excitation winding.

The| no-load losses are considered.stabilized when the no-load power input varies by 3 % or
lesqd, when measured at two successive 30 min intervals.

Test at a minimum number(of eight values of voltage, including rated voltage, so that:

— four or more values-are read approximately equally spaced between approximately 110 %
and 80 % of rated_voltage;

— four or more‘values are read approximately equally spaced between approximately 70 %
hnd approximately 30 % of rated voltage, or (for an uncoupled running machine) to a ppint
where the)current no longer decreases.

Theltestshall be carried out as quickly as possible with the readings taken in descending ofder
of vpltage.

Record at each of the voltage values: Uy, Iy, Py.
Determine the resistance R, immediately before and after the no-load test.

The interpolated winding resistance of each voltage point shall be calculated by interpolating
the resistances before and after the test linear with the electrical power Py,

Ry is R; - Where resistance measurement is impracticable due to very low resistances,

calculated values are permissible. The calculated values have to be based on the average value
of the measured winding temperatures.
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For a coupled machine, P is determined from T and x.

Record excitation system values according to 5.9.

For large synchronous machines, it is recommended to record other values influencing
efficiency, for example coolant temperature, gas purity, gas pressure, sliding bearings oil
temperature, bearing oil viscosity.

7.1.3.2.2.2 Constant losses

For Ua\ih Va:uc Uf VU:tGHU dUtUIIII;IIC thc UUllOtallt :\JOOUO.

Py =Py~ Pgg 78)
whdre

Po =15-15 - R 79)

For|machines with brushless exciters, excitation losses,shall also be subtracted as follows

Py =Py~ Psg =~ Pro< Pego + P1g0 80)

where
Pt o is the excitation winding lossgs’at no-load;

Peg4lo s the exciter loss (see above) corresponding to U, and I, of the test point;

Pielo s the power according’to 5.9 corresponding to U, and I, of the test point.

7.13.2.2.3 Friction. and windage losses

From the no-load test/points, use all that show no significant saturation effect and develgp a
curye of constant.|osses (P.), against the voltage squared (U02). Extrapolate a straight line to
zerg voltage. The intercept with the zero voltage axis is the friction and windage losses Py,.

Windagé and friction losses are considered to be independent of load and the same windage
and|friction loss values may be used for each of the load points.

7.1.3.2.2.4 Iron losses

For each of the values of voltage develop a curve of constant losses against voltage. Subtract
from this value the windage and friction losses to determine the iron losses.

Be =1 — Bw (81)
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7.1.3.2.3 Short-circuit test

7.1.

3.2.3.1 Short-circuit test with coupled machine

Couple the machine under test with its armature winding short-circuited to a drive machine, with
provisions to record the torque using a torque meter (see method 2-1-2A). Operate at rated
speed and excited so that the current in the short-circuited primary winding is equal to the rated
current.

In the case of a machine with a shaft driven exciter (see 3.13.3.3a)), the machine should be
separately excited and the exciter disconnected from its supply and from the excitation winding.

The|l sum of the load losses and the additional load losses is assumed to be tempera
indgpendent, and no correction to a reference temperature is made. It is assumed that

add

jtional load losses vary as the square of the stator current.

Redord: T, n, I.

Excjtation system values are according to 5.9.

7.1
7.1

3.2.3.2 Short-circuit test with uncoupled machine

.3.2.3.2.1 General

Thelmachine is operated as a synchronous motor at a fixed-voltage, preferably about 1/3 no
or af the lowest value for which stable operation can be obtained. The armature current is va
by dontrol of the field current. The armature currentshould be varied in about six steps betw

125

% and 25 % of rated current and should include one or two points at very low current.

maxXimum test current value, traditionally set’ at 125 %, should be obtained from

fure
the

mal

ied
een
The
the

marnufacturer since sometimes stator cooling'will not permit operation in excess of 100 % rated
current without damage. The highest readings should be taken first to secure more unifporm
statpr winding temperatures during the test.
Redord: P4, 1, U.
Excjtation system values are; according to 5.9.
NOTE For large machines;ithe maximum step may be limited to 60 % to 70 % of rated armature current.
7.1.3.2.3.2.2 Additional load losses
7.1.3.2.3.2.2.4From test with coupled machine
Thel additional load losses at rated current result from the absorbed power of the short-cifcuit
test|with-coupled machine diminished by the friction and windage losses Py, and the load |oss
at rated-eurrent:

RN =2manT - By — K (82)

In the case of a machine with brushless excitation, the excitation winding and the exciter loss
part supplied by the driving machine shall additionally be subtracted:

Ry N=2nnT + Rg — By —Fs — K — By (83)
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other load points the additional load losses result from

2
1

Ry =RiNX [I_J
N

3.2.3.2.2.2 From test with uncoupled machine

’ C
armature winding loss Pg at any armature current shall be subtracted from the poweri
ach armature current taken in the test.

3.3 Efficiency determination

efficiency is:

_bP+Re-B B
I e e

re
is the input power excluding excitation power frem a separate source;

is the output power;

is the excitation power supplied by a separate source.

F 1 Usually, the first expression is preferred for-a motor, the second for a generator.

E 2 P, includes the excitation power P (see 5.9) of the machine where applicable.

total losses Pt including excitation circuit losses are:

PT =PC+PS +P|_|_ +Pe

7.1.

Method\2-1-2C — Summation of separate losses without a full load test

Method 2-1-2C. shall be applied to machines with ratings above 2 MW. The test procedure
principle sinyilar to method 2-1-2B. The only difference is that the rated load temperature

is r¢gplaced by the determination of the field current by the ASA-, Swedish- or Potier-Diag

(se

[EC 60034-4-1).

(84)

and
put

85)

86)

s in
test
ram

Apart from that the procedures for loss and efficiency determination are equivalent to

met

hod 2-1-2B.

For an overview, Figure 21 provides a flowchart for efficiency determination by this test method.
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‘ Indirect measurement I

l

‘ Separate losses ‘

l

Winding resistance at ambient temperature

v

IEC 60034-4-1:2018 6.4, 6.5, 6.8:
Rated field current according to ASA-,
Swedish- or Potier-diagram

l

Load losses
Stator and rotor winding losses
including temperature correction

l

‘ Excitation circuit losses ‘

l

‘ 7.1.3.2.2 No-load test ‘

l

Constant losses
Frictiomnand-windage losses
Ifon losses

l

’ 7.1.3.2.3 Short-circuit test ‘

l

‘ Additional load losses ‘

l

‘ 7.1.3.3 Total losses ‘

l

’ Efficiency ‘

Figure 21 — Efficiency determination according to method 2-1-2C

Prior to this test, the results of a no-load saturation test, a sustained polyphase short-circuit
test and an over-excitation test at zero power factor, in accordance with 6.4, 6.5 and 6.8 of

IEC 60034-4-1:2018, shall be available.

For the procedures to determine efficiency see 7.1.3, method 2-1-2B.

This procedure is not applicable for synchronous machines with excitation by permanent

magnets.
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7.2 Testing methods for field or routine testing

7.2.1 General

These test methods may be used for any test, i.e. field tests, customer-specific acceptance
tests or routine tests.

In addition, preferred methods of Table 4 and Table 5 may also be used outside the power

range identified in Table 4 and Table 5

Met

ods defined hy this document are gi\/nn inTahle 6

Table 6 — Synchronous machines: other methods

Reference Method Description Subclause Required facility
2-1t2D Dual-supply-back-to-back | Dual-supply, back-to-back 7.2.2 Two jdentical units
test

2-112E Single-supply-back-to- Single supply, back-to- 7.2.3 Two identical units
back test back test

2-1}2F Zero power factor with Excitation current from 7.2.4 Supply for full voltage
excitation current from Potier / ASA / Swedish and current
Potier / ASA / Swedish diagram;
diagram

2-112G Summation of losses with | Without consideration of 7.2.5 Machine set for full load
load test except P | P

7.2 Method 2-1-2D — Dual supply back-to-back-test

7.2.2.1 General

Forfan overview, Figure 22 provides a flowchart for efficiency determination by this test method.

| Indirect measurement |

i

Dual-supply
back-to-back
test

IEC

Figure 22 — Efficiency determination according to method 2-1-2D

This procedure is not applicable for synchronous machines with excitation by permanent
magnets.

7.2.2.2 Test procedure

Mechanically, couple two identical machines together (see Figure 23). Tests are made with the
power supplies exchanged but with the instruments and instrument transformers remaining with
the same machine.
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The|voltage and current of the two machines shall be identical, and one machine (the moto
motpr rating, the generator for generator rating) shall have the rated power factor. This car

ach
line

NOT

Reverse the motor and generator connections and repeat the test.

For

For

7.2,

If identical machines are run at essentially thé same rated conditions, the efficiency shal
caldulated from half the total losses and the average of motor input power and generator ou
power as follows:

whd

Py, Iy —— — Py, Ig

SM SG

Jin Un <_>_.;._.<> Jo Us

- - IEC

Figure 23 — Sketch for dual supply back-to-back test
(Iv=Ig fm=1s)

eved by a set of synchronous and DC machines feeding the generator output\back to

each test, record: U, I, f, P4, Py, COS ¢y, COS ¢g, 0.

excitation systems proceed according to 5.9.

2.3 Efficiency determination

re

1 1
Pr=2(R-FR)+ ke Ae =§(P1E,M +PiEg)

for
be
the

E  Power factor and excitation current of the other machine will deviate from rated values because of the losses
absgrbed by the two machines.

be
put

87)

88)

PqE

7.2,

7.2.

is according to 5.9.

3 Method 2-1-2E - Single supply back-to-back-test

3.1 General

For an overview, Figure 24 provides a flowchart for efficiency determination by this test method.

This procedure is not applicable for synchronous machines with excitation by permanent
magnets.
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Indirect measurement

i

Single-supply
back-to-back
test

Efficiency

IEC

Figure 24 - Efficiency determination according to method 2-1-2E

7.23.2 Test procedure

Meghanically couple two identical machines together and connect them both.electrically to|the
same power supply to operate at rated speed and rated voltage, one as amotor and the other
as g generator.

NOTE Alternatively, the losses can be supplied by a calibrated driving motor.

Meghanically couple the machines with an angular displacement of their rotors enabling fone
maghine to operate at the load conditions for which the efficiency is required, and the ofher
maghine to operate at the same absolute value of stator current (see Figure 25).

P1,I1

Py Pg
Iy Is

@O

IEC
Figure 25 — Single-supply back-to-back test for synchronous machines

The|displacement expressed as electrical angle « for this condition is approximately the dolible
intefnal electrical angle* at the required load condition. In general, for a given voltage|the
circplating power depends on the angle « and on the excitation currents of the motor jand
gengrator. Adjust\the current and power factor to rated values at one machine; the deviation in
exc|tation curfent from the rated value at the other machine can be used for accufacy
congideratians:

Forleach-test, record:

- Uy, 14, P4 of the power-frequency supply;
— Iy, Py of the motor;
— Ig, Pg of the generator;

— excitation system values according to 5.9.
7.2.3.3 Efficiency determination

If identical machines are run at essentially rated conditions, the efficiency is calculated by
assigning half the total losses to each machine.
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Calculate the efficiency from

(89)

is the power absorbed at the terminals of the machine acting as a motor (excluding

axcitation nower):
excHaHoR-—POoWetr);

7.24

7.241

is the total losses, defined as half the total absorbed;

is the excitation power supplied by a separate source.

1 1
Pr =§P1 +PREe; P :E(P1E,M +P1E,G)

Method 2-1-2F - Zero power factor test with excitation current from Potier-,
ASA- or Swedish-diagram

General

Forjan overview, Figure 26 provides a flowchart for efficiengy determination by this test method.

Thig procedure is not applicable for synchronous) machines with excitation by permanent

magnets.

| Indiréct measurement |

l

‘ 7.1.3.2.2 No-load test |

l

’ 7.2.4.2.2 Zero power factor test |

l

IEC 60034-4-1:2018 6.4, 6.5, 6.8:
Field current according to ASA-,
Swedish- or Potier-diagram

v

| 7.2.4.3.2 Excitation circuit losses ‘

l

| 7.2.4.3.3 Total losses |

l

’ Efficiency |

IEC

Figure 26 — Efficiency determination according to method 2-1-2F
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7.2.4.2 Test procedure
7.24.2.1 General

Prior to this test, the results of a no-load saturation test, a sustained polyphase short-circuit
test and an over-excitation test at zero power factor, in accordance with 6.4, 6.5 and 6.7 of
IEC 60034-4-1:2018, shall be available.

The evaluation of the results of the no-load test shall be in accordance with 7.1.3.2.2.

7.2422 Zero power factor test

Opsgrate the machine uncoupled as a motor, at rated speed and over-excited. Adjust the supply
voltage to the same electromotive force £ and armature current 7 (at a power factor near zgro)
as gt the desired load.

NOTE 1 E is the vectorial sum of terminal voltage and Potier reactance voltage drop accofding to 7.26]2 of
IEC $0034-4-1:2018.

The| test shall be made as near as possible to the stabilized operating.temperature attained in
opefation at rated load. No winding temperature correction shall be-made.

For|the above test, it is necessary that the supply voltage is adjustable so that the iron logses
have the same value during this test as at a rated power factor under load at rated voltagg. If
the |supply voltage is not adjustable but is equal to the rated voltage, this could give an aqtive
iron| loss appreciably different from that at full-load.<n principle, reactive power should be
deliyered (i.e. machine over-excited), but when this is.impossible due to limited exciter voltage,
the fest may be made with reactive power absorbed(i.e. machine under-excited) as far as stable
runming is possible.

Thel| excitation winding losses at the desired*load will be obtained from the excitation curfent
estimated according to 7.26.2 of IEC:60034-4-1:2018 (Potier diagram), or 7.26.3 (ASA
diagram), or 7.26.4 (Swedish diagram)y

NOTE 2 The accuracy of this method depends on the accuracy of the wattmeters and the instrument transforpners
at loy power factor.

Regord at zero power factor:
- USL P1,zpf;

— excitation system values according to 5.9;
- P and 0,

7.24.3 Efficiency determination

7.2.4.:31 General

For each desired load point, determine the efficiency with the measured values as follows:

=1-
" R pe (0
where
A :\/§><UN x I Cos gy is the power absorbed at the armature winding terminals in rated
operation;
Pt is the total losses, including excitation losses;

PiE is the excitation power supplied by a separate source.
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7.2.4.3.2 Excitation losses
7.24.3.2.1 Field winding loss

The field winding loss is

szle'Uleezz'Re (91)

applying the following temperature correction for the excitation winding resistance:

2
e 92)
[e,zpf

whegre

I is the excitation winding current determined as described imIEC 60034-4-1;

Rg is the excitation winding resistance, temperature corrécted for the desired load;
Rg o Is the cold winding resistance at temperature 6;

Is z4¢ Is the excitation winding current from the zero power factor test;

Ow is the excitation winding temperature of the.zpf-test;

O is the reference coolant temperature of the zpf-test;

0 is the excitation winding temperature corrected to /.

7.24.3.2.2 Electrical losses in-brushes

In cpse of brushes determine brush losses from an assigned voltage drop per brush of each of
the fwo polarities:

By =2xUp x1q 93)

whdre

o |is thesexcitation winding current determined as described in IEC 60034-4-1;

Uy, |isthe voltage drop per brush of each of the two polarities depending on brush type:

1,0 V for carbon, electrographitic or graphite;
0,3 V for metal-carbon.

The given values for the voltage drop per brush (1 V or 0,3 V) may be used if no specific
information is available.

7.2.4.3.2.3 Exciter loss
Uncouple the exciter from the main machine (if possible), then couple the exciter to:

a) a torque measuring device to determine the mechanical power input according to the input-
output method; or

b) a calibrated driving motor to measure the motor electrical power input.
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024

Connect the exciter (in the case of a synchronous machine excited via slip-rings) to a suitable
resistive load. Operate the exciter unexcited and with voltage Uy and current I for rated load.

Record:

Ug, I, Py, n, Tg for rated load,

e’ e’

Tg o (the torque with the exciter unexcited).

The exciter loss is:

If th

manufacturer.

The]| total excitation loss is:

7.2

For

whedre

e

4.3.3 Total losses

.Zpf
4psd is determined from the iron loss-voltage curve (see 7.1.3.2.2), and is the differenc

Beq =21n(Tg ~Tgo )+ P — B

e exciter cannot be uncoupled from the machine, the exciter losses shallihe provided by

Pe:Pf+PEd+Pb

machines with exciter types c) and d) (seet3.13.3.3) the total losses are:

Pr :a,zpf +4Pg + Fy

is the absorbed powen'at zero power factor test;

the values at'voltages equal to the e.m.f. for the desired load and the e.m.f. of the 2
power factor-test;

determined as stated above.

machines with exciters type a) and b) (see 3.13.3.3) the total losses are:

94)

the

95)

96)

()

of
ero

de’termined according to IEC 60034-4-1:

Pr= P1,zpf + P1E,zpf + APfe +F (97)

Py =B + Feq — B zpf — FEd 2pf (98)
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where

P1 70 Pt zpr @nd Pyg ,r are measured values from the zero power factor test;

Py is determined as for separately excited machines;
Peg, PEd zpf are determined from a test as stated above for /g, R, and g 1, R 7pf;
AP is determined from the iron loss-voltage curve (see 7.1.3.2.2), and is

the difference of the values at voltages equal to the e.m.f. for the
desired load and the e.m.f. of the zero power factor test.

NOTE—The formulas are nvprncend for motor nlhnr:lhnn

7.2. Method 2-1-2G - Summation of separate losses with a load test without
consideration of additional load losses

Thel| test procedure is in principle similar to method 2-1-2B. The only differefice” is that|the

addjtional load losses are not considered by this method, i.e. the short circuit test for their
determination is skipped. This results in a significantly lower accuracy.

Apart from that, the procedures for loss and efficiency determination are equivaleni to
method 2-1-2B.

Forfan overview, Figure 27 provides a flowchart for efficiency«determination by this test method.

For|the procedures to determine efficiency see 7.1.3, method 2-1-2B, without considerationh of
the pdditional load loss.

Thig procedure is not applicable for synchronous machines with excitation by permanent
magnets.
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| Indirect measurement ‘

Separate losses

l

| Winding resistances at ambient temperature |

l

| 7.1.3.2.1 Rated load temperature test

IEC 60034-2-1:2024 © |EC 2024

.

Load losses
Stator and rotor winding losses
including temperature correction

l

| Excitation circuit losses ‘

l

‘ 7.1.3.2.2 No-load test |

l

Constant losses
Friction and windage losses
Iron losses

l

’ 7.1.3.3 Total losses |

Testing methods for field or routine testing

hods defined by this document are given in Table 7.

IEC

Figure 27 — Efficiency determination according to method 2-1-2G

Test methods for the .determination of the efficiency of DC machines

methods shall/be-used for field tests, customer specific acceptance tests or routine tests.



https://iecnorm.com/api/?name=91077195c4bbcee6a969769620e3463a

IEC 60034-2-1:2024 © |IEC 2024

- 71 -

Table 7 — DC machines: test methods

Reference Method Description Subclause Required facility
2-1-3A Direct measurement: Torque measurement 8.2 Torque measuring device
Input-output for full-load
2-1-3B Summation of losses with | P | DC component from 8.3 Two identical units,
load test and DC single supply back-to- booster generator,
component of additional back test specified rectifier
load losses from test
2-1-3C Summation of losses with | P, DC component from 8.4 Specified rectifier
load test and DC assigned value
component of additional =
load losses from assigned
value
2-1F3D Summation of losses Excitation loss from an 8.5
without a load test assigned ratio of load to
no-load excitation current
P, from assigned value
2-1+3E Single-supply-back-to- Single supply, back-to- 8.6 Tworidentical units
back test back test Booster generator
8.2| Method 2-1-3A — Direct measurement of input and output
8.2/ General
Thig is a test method in which the mechanical power{P .., Of a machine is determined by
megsurement of the shaft torque and speed. The electrical power P, of the armaturg is

med

Inpy

sured in the same test.

t and output power are:

n motor operation:

n generator operation:

Py = Pg,@Bs = Pech (See Figure 28);

P1=Pmech;P2=Pel'

IEC

b o off

Figure 28 — Sketch for torque measurement test

For

P CwIP- | £laaak. tanaove oot
PTOUVIOCT S A TTOwWoTTartror CTmoTreTioy Ut To
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Direct measurement

l

Output power by torque
measurement device

l

Efficiency

024

IEC
Figure 29 - Efficiency determination according to method 2-1-3A

2 Test procedure

Couple either the motor under test to a load machine or the generator under test to a motor

a to

Redord U, I, P

If e

rque meter. Operate the machine under test at the required load.

el n, T, HC'

citation is required, proceed according to 5.9.

Imnmediately after the test, the drift of the torque measuring device shall be checked. In cas
a deviation above the allowed tolerance of the torqlie)measuring device, adjust it and repeat

the

8.2,

measurements.

3 Efficiency determination

The| efficiency is:

"R e

Input power P, and.output power P, are:

n motor operation: Py = Pg; Py = Prochs
n generator operation: Py = Py ocp; Pp = Py

wvhere

ith

e of

99)

:91TXTXn:

mMeTH

PiE is according to 5.9.

NOTE Excitation circuit losses not supplied by P, are mechanically covered from the shaft.
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8.3 Method 2-1-3B — Summation of losses with a load test and DC component of
additional load losses from test

8.3.1 General

This is a test method in which the efficiency is determined by the summation of separate losses.
The respective loss components are:

— iron losses;
— windage and friction losses;

armatira vwindina and henioh oo
pH ot e W e et oo 1o

— excitation circuit and exciter losses;

— Aadditional load losses.

Forljan overview, Figure 30 provides a flowchart for efficiency determination by this'test method.
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‘ Indirect measurement |

l

‘ Separate losses |

l

| 8.3.2.1 Rated load temperature test ‘

hj

Load losses
Winding temperature
Armature circuit winding losses
Electrical brush losses
Excitation circuit losses

l

8.3.2.2 No-load test ‘

l

Constant losses
Friction and windage losses
Iron losses

l

8.3.2.3 Additional load losses

l

D€ component from a single-
supply back-to-back test

l

AC component from a
load test

l

| 8.3.2.4 Total losses |

l

! Efficiency |

IEC
Figure 30 — Efficiency determination according to method 2-1-3B

8.3.2 Test procedure
8.3.21 Rated load temperature test
8.3.2.1.1 General

Before this load test, determine the ambient temperature and the winding resistance of the
motor.
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The machine shall be loaded by suitable means, with supply power according to the machine
rating and operated until thermal equilibrium is achieved (rate of change of 1 K or less per half
hour).

At the end of the rated-load test, record the average of at least 3 sets of test results:

- PN’ [N’ UN’ HC’ HN’

— Ry = R (the test resistance for rated load according to 5.7.1);

— 0Oy (the winding temperature at rated load according to 5.7.2);

— excitation system values according to 5.9.

In the case of DC machines on rectified power, the mean value I, and the RMS valde I ghall
be measured.

For|DC machines, R is the total resistance of all windings carrying armaturelcurrent (armature,
conmmutating, compensating winding, compound winding). Where resistan¢e measurement is
impfacticable due to very low resistances, calculated values are permissible.

8.3.2.1.2 Armature circuit winding losses

Forleach load recorded determine the armature-circuit-windings-losses:

By =I1?xR (100)

R ag¢cording to 5.7.2 with R taking all windings“in the armature circuit into account.

8.3.2.1.3 Electrical brush losses

Determine brush losses using ansdssigned voltage drop per brush:

R =2xUpx1 (101)

where
I |is the armature current at the rating considered,;
U, |is the assumed voltage drop per brush depending on brush type:

1,0\/for carbon, electrographitic or graphite;

The given values for the voltage drop per brush (1 V or 0,3 V) may be used if no specific
information is available.

8.3.2.1.4 Excitation circuit losses

The excitation winding losses result from the measured voltage and current as follows:

B =Ugx1g (102)
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8.3.2.1.5 Exciter losses
Uncouple the exciter from the main machine (if possible), then couple the exciter to:

a) atorque measuring device to determine the mechanical power input;
b) a calibrated driving motor to measure the motor electrical power input.

Connect the exciter to a suitable resistive load. Operate the exciter unexcited and with voltage
U, and current I, for each of the load points.

Regerd:

— Ve I, Pgg, 1, T for each load point (Pgq4 according to 3.13.3.3);

— [0 (the torque with the exciter unexcited).

If the exciter cannot be uncoupled from the machine, the exciter losses shall be iprovided by|the
marnufacturer.

The| exciter losses Pgy are

PEdZ(TE—TE,O)X2”"+P1E—UeX1e (103)

where Tg ( is the torque with the exciter unexcited:

If telsting is not practical, calculated losses shall be used.

8.3.2.2 No-load test
8.3.2.2.1 General

Thel machine can be tested ruaning as an uncoupled motor or coupled with a driving machine
and| operating as a generator(supplied power from torque, measured according input-oufput
method).

Thel no-load test shallLbe carried out on a hot machine immediately after the rated load tesj.

If this is not passible the test may also be carried out starting with a cold machine but the|no-
load losses(shall be stabilized. The no-load losses are considered stabilized when the no-load
power inputsvaries by 3 % or less, when measured at two successive 30 min intervals.

Teskat’a minimum number of eight values of voltage, including rated voltage, so that:

— four or more values are read approximately equally spaced between 110 % and 80 % of
rated voltage;

— four or more values are read approximately equally spaced between 70 % and
approximately 30 % of rated voltage, or (for an uncoupled running machine) to a point where
the current no longer decreases.

For uncoupled DC machines, the speed shall be maintained constant by adjusting the field
current.

The test shall be carried out as quickly as possible with the readings taken in descending order
of voltage.
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ord at each of the voltage values: Uy, I, P.

Determine the resistance R, immediately before and after the no-load test.

The interpolated winding resistance of each voltage point shall be calculated by interpolating
the resistances before and after the test linear with the electrical power P.

Where resistance measurement is impracticable due to very low resistances, calculated values

are

permissible.

For

8.3.

Det

whe

Ioa

If re

permissible, corrected to the expected 'winding temperature.

NOT

and
may

8.3.

For
volt
is th

8.3.

a coupled machine, P, is determined from T and #.

2.2.2 Constant losses

brmine the constant losses from the following formula:

Ro=R-F (1

re

Pa =[02><RO (‘

nd R, are recorded for each value of voltage.

sistance measurement is impracticaple due to very low resistances, calculated values

F In the armature losses P, the'foellowing are included: compensating windings, commutating pole wing
be determined using the total.current and the resulting resistance.
2.2.3 Friction.and windage losses (optional)

each of the values of voltage 70 % or less develop a curve of constant losses (P;) ag4
hge UOZ. Extrapolate a straight line to zero voltage. The intercept with the zero voltage
e windage and friction losses Py,

2.2.4 Iron losses (optional)

04)

05)

are

ings

Ehunt resistors (diverters). Inthe\Case of diverters in parallel with a series winding, the electrical winding losses

inst
aXxis

For each of the values of voltage between 80 % and 110 % develop a curve of constant losses

(Pe)

against voltage Uy. The iron loss shall be taken for the inner voltage U;, at:
U; =Uy —(IR), — 2U,, in the case of a motor (106)
U; =UpN +(IR), + 2Uy, in the case of a generator (107)

where
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is the rated voltage;
is the brush voltage-drop as given at the load test;

is the current of the desired load point;
is the resistance of all windings of the armature circuit at full-load temperature.

Determine the iron loss from

Be = — Bw (1

8.3.2.3 Additional load losses

8.3.2.3.1 DC losses from single supply back-to-back-test

This
idern
and

series (see Figure 31).

If th
rate

operation, the supply voltage'shall be adjusted to rated voltage and rated current at the mac
acting as generator. The.motor and the generator shall be operated with the flux require
prodluce the e.m.f. cérresponding to the test load.

NOTE The voltage:supply mainly covers the no-load losses, the booster mainly covers the load losses.

In the case'of machines with shaft driven exciters, the excitation windings shall be separg

exc

08)

method allows the determination of the DC component of the additional load losses if[two
tical DC machines are available. They shall be coupled and electrically’connected togefher

supplied by a DC source, the machine acting as a generator withha booster generatg

(-

IEC

Figure 31 — Sketch for single supply back-to-back test
for determination of-DC component of additional load losses

rin

e machines are designed {for motor operation, the supply shall deliver rated voltage jand

d current to the machine acting as motor. In the case of machines designed for gener

ted forthis test, with the exciters disconnected from their supply and the excitation wind

Wherrtemperaturestave stabitized; Tecord—, 1, TR, 15, e oM Ve Gr le.G T Oc-

ator
nine
i to

tely
ing.

The DC component of the additional load loss is
1
R =5(P= 2R = 2 P = Feon —2Up (I + Ig ) =2/gUp) (109)
where
P =Uyx1;+Ug xIg is the power from supply and booster; see Figure 31;

2P

C

is the sum of constant losses of both machines;
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>P is the sum of the resistance losses of both armature circuits;

a

P is the loss in cable connections.

con

For determination of losses for other load points, apply the factors as described in Table 8.

8.3.2.3.2 AC losses (converter-fed DC machines)

For motors supplied by static power converters, whenever the current ripple factor (see
IEC 60034-1) of the armature current exceeds 0,1, the additional losses caused by the AC
component of the armature current shall be considered in addition to the losses specified above.

The|losses are obtained from a load test with the machine supplied by an appropriate rectifier.
See also IEC 60034-19.

Redord:

- P, the AC power supplied to the machine;

e the AC r.m.s. current component; and

- P, the temperatures of the windings in galvanic contact with.the’armature circuit.

NOTE For series-wound motors, a small amount of the AC power input contributes to the developed motor tofque.
Thisfamount is usually so small that it can be neglected.

The| additional losses due to the AC part of the supply voltage result from:

P =Py ~I2 xR (110)

whgre R is the DC resistance of the .arnrature circuit at rated load temperatures according to
5.7p.

8.3.2.4 Efficiency determination

The| efficiency is:

_h+tRe-P B
A+ Pe B+ Pr

whegre

P is-thae innut nowar axcludinag excitation nower from - a senarate - solrce-
1 N ki R sl hd Mt J AL S e P s 7

P, is the output power;

PE is the excitation power supplied by a separate source.

NOTE 1 Usually, the first expression is preferred for a motor, the second for a generator.

NOTE 2 P includes the excitation power P_ (see 5.9) of the machine where applicable.

The total losses shall be taken as the sum of the separate losses consisting of

Pr=P+ PR+ R+ R +P (112)
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Fo =i + g (113)
where
Py is the armature-winding loss;
Py, is the brush loss;
P is the constant losses;
P is the additional load losses;
Py is the excitation (field winding) loss;

Pgq4|  is the exciter loss.

8.4| Method 2-1-3C — Summation of losses with a load test and DC component of
additional load losses from assigned value

8.4/ General
As method 2-1-3B, this test method determines efficiency by the sdimmation of separate losges.

But|in this case the DC component of the additional load losses is derived from an assighed
valle.

Forjan overview, Figure 32 provides a flowchart for efficiency determination by this test method.
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‘ Indirect measurement |

l

’ Separate losses I

l

| 8.3.2.1 Rated load temperature test ‘

v

Load losses
Winding temperature
Armature circuit winding losses
Electrical brush losses
Excitation circuit losses

l

l 8.3.2.2 No-load test J

l

Constant losses
Friction and windage losses
Iron losses

l

8.4.2 Additiohal load losses

l

DC component from assigned
allowance

l

AC component from a
load test

l

| 8.4.3 Total losses |

l

| Efficiency. |
7

IEC
Figure 32 — Efficiency determination according to method 2-1-3C

8.4.2 Test procedure
8.4.2.1 General

Apart from the determination of the DC component of the additional load losses, the same
procedures as in 8.3.2 shall be applied.
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2.2 DC component of the additional load losses from assigned allowance

It is assumed that the DC losses vary as the square of the current, and that their total value at
maximum rated current is:

a) for uncompensated machines:

— 1 % of the rated input power for motors;

— 1 % of the rated output power for generators;

b) for compensated machines:

For
max

For
inpy
is a

For
rate
the
con
is a
add

app

The
con

For
obtd

oL 0/

+lo F P 4 £ 4
U,J /70 UT UTC TAtTuUu Tyut pUw<oeT TUT TITULUT o,

- 0,5 % of the rated output power for generators.

constant speed machines, the rated power is the power with maximum rated lcurrent
imum rated voltage.

t power is defined at each speed as being the input power when the;maximum rated cur
ssociated with the applied voltage of the particular speed considefed.

variable speed motors where the increase in speed is obtajined by weakening the field,
d input power is defined as being the input power when the‘rated voltage is associated
maximum rated current. For variable speed generataors\where the voltage is maintai
stant by varying the field, the rated output power is defined as being the output power, w

Fopriate multiplying factors given in Table 8.

Table 8 — Multiplying factors for different speed ratios

Speed ratio Factor
1(511 1,4
2:1 1,7
3:1 2,5
4:1 3,2

speed ratioin the first column of Table 8 shall be taken as the ratio of actual speed ur
sideration‘to-the minimum rated speed for continuous running.

speed ratios other than those given in Table 8, the appropriate multiplying factors may
ined by interpolation.

and

variable speed motors where the speed change is obtained by applied voltage, the rated

rent

the
vith
ned
hich

vailable at the terminals at rated voltage and maximum rated current. The allowanceg for
tional losses at the speed corresponding to the~full field shall be as specified above under
a) gnd b). The allowances for additional losses at other speeds shall be calculated using

the

der

be

8.4.

The

3 Efficiency determination

efficiency is:

_BA+Re-P _ B
A+ Pg B+ Pr

(114)
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where
Py is the input power excluding excitation power from a separate source;
Py is the output power;

Pie is the excitation power supplied by a separate source.

NOTE 1 Usually, the first expression is preferred for a motor, the second for a generator.

NOTE 2 P includes the excitation power P (see 5.9) of the machine where applicable.

Thetotallosses-shall be taken-as-the sum-ofthe enparnh:\ losses r\nneiefing of

Pr=R+P+R+R +F (115)
Fe =K +Iq (116)

where

P, is the armature winding loss;

Py, is the brush loss;

P, is the constant losses;

P is the additional losses;

Ps is the excitation (field winding) loss;

Pey is the exciter loss.

8.5| Method 2-1-3D — Summation of losses without a load test
8.5/ General

As method 2-1-3C, this testimethod determines efficiency by the summation of separate losges.

But|in this case, the armature circuit winding losses and the excitation circuit losses are[not
determined by a load-test, but by calculation.

Forfan overview, Figure 33 provides a flowchart for efficiency determination by this test method.
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Indirect measurement

l

Separate losses

l

8.5.2 Calculated load losses
WINdmg temperature
Armature circuit winding losses
Electrical brush losses
Excitation circuit losses

l

8.3.2.2 No-load test

l

Constant losses
Friction and windage losses
Iron losses

l

8.4.2 Additional load losses

l

BC component from assigned
allowance

l

AC component from a
load test

l

8.5.3 Total losses

l

I Efficiency |

IEC
Figure 33 — Efficiency determination according to method 2-1-3D

8.5.2 Test procedure

8.5.2.1 General

Apart from the determination of the excitation circuit losses, the same procedures as in 8.4.2
shall be applied.
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2.2 Excitation circuit losses

Without a load test, the excitation winding losses P, shall be calculated from 7,2 x R;, where R¢

is the resistance of the shunt excitation winding (or separately excited winding), corrected to
the reference temperature specified in 5.7.3 and /, is the excitation current according to the

following list.

a) For shunt connected or separately excited generators with or without commutating poles, I

is 110 % of the excitation current corresponding to no-load at a voltage equal to the rated
voltage plus ohmic drop in the armature circuit (armature, brushes and commutating

ndinac if o) ot tha ~erant ~f thn conanifin laod At

rrehRgsHaryattheecorrentof-the-spectfic toadpeint
b) For compensated shunt or separately excited generators, I, is the excitation, curfent
corresponding to no-load at a voltage equal to the rated voltage plus ohmic drop in|the
brmature circuit at the current of the specific load point.
c) Forlevel-compounded generators, I, is the excitation current for the ratedo-load voltage.
d) [For over-compounded and under-compounded generators, and special-types of generptor
hot covered by items a) to ¢), I, is subject to agreement.
e) |For shunt wound motors, 7, is equal to no-load excitation current{corresponding to the rated
voltage.
8.53 Efficiency determination
The| efficiency is:
P + P, P
tRe-RA T B 117)
B+PEY P+ Pr
whdre
Py is the input power excluding €xcitation power from a separate source;
Py is the output power;
P,g| is the excitation power’supplied by a separate source.
NOTE 1 Usually, the first'expression is preferred for a motor, the second for a generator.
NOTE 2 P includes,the excitation power P, (see 5.9) of the machine where applicable.
Thel total losSes shall be taken as the sum of the separate losses consisting of
Pr=R+h+RH+R +15 (118)
Fo=F+ Ry (119)

where

P

a
Py
P

C

P

is the armature winding loss;
is the brush loss;
is the constant losses;

is the additional losses;
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is the excitation circuit losses;
is the calculated excitation (field winding) loss;

is the exciter loss.

Method 2-1-3E - Single supply back-to-back test

8.6.1 General

For an overview, Figure 34 provides a flowchart for efficiency determination by this test method.

8.6.

Med
san

othgr as a generator.

NOT
com

Con
OpHd
the
volt
the
cov

‘ Indirect measurement ‘

l

Single-supply ‘

back-to-back
test

l

‘ Efficiency |

IEG
Figure 34 — Efficiency determination according to method 2-1-3E

2 Test procedure

hanically couple two identical machines together and connect them both electrically to
e power supply so as to operate at rated speed and rated voltage, one as a motor and

FE Alternatively, the losses can be supplied either by a calibrated driving motor, a booster, or otherwise
ination of these various means.

nect the driven machine\to-the supply with a booster generator in series (see Figure
rate both machines at approximately the current and the internal voltage correspondin
load point for which.the efficiency is required. For motors, the supply shall deliver r
hge and the required load to the motor. For generators, the voltage has to be adjuste
booster for rated,voltage and the required load at the generator. The voltage supply ma
prs the no-load.Josses, the booster covers the load losses.

the
the

by a

35).
g to
ted

by
inly

IEC

Figure 35 — Sketch for single supply back-to-back test

If no booster is available, the common terminal voltage should be adjusted so that the mean
value of the currents of both machines is the rated current.
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For each test, record:

Um» 14 of the power supply;

— Py, absorbed at the motor terminals;

Ug, Ig of the booster;

n, 0.

For excitation systems, proceed according to 5.9.

8.6.

If ig

ass

Ca

3

whedre

tulate the efficiency from

Efficiency determination

entical machines are run at essentially rated conditions, the efficiency is caltulated by
gning half the total losses to each machine.

is the power absorbed at the terminals of thexmachine acting as a motor (excluding
excitation power);

is the total losses, defined as half the totalrabsorbed;

is the excitation power supplied by a-s€parate source;

1 1 )
PT=§(UMX11+UB><IB)+P1E ; P1E=§(P1E,M+P1E,G) (121)
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Annex A
(normative)

Calculation of values for the Eh-star method

Uyyv =Uyy

In the above formula, it is assumed that current [y is in phase with voltage Uy . In the g
whdre the impedance of the resistor contains a noticeahble reactive component, use the follov

formula

2 2 2
Yvw ~Ywu ~Yuv

" 2 2
Uwu =vUwu —Uwu

Uyw =-Uyy —Uwu

Uyw =-Uwu
I (Rv —Rw) +Uwu - 1w
V=

Uyv

2
(Ryv 8w )+ Ren - Iy
Uyv

Iy =~

whegre R, is the measured value of the resistive component.

Iy =\I& -1

1

1)

ase
ying

2 2 .2
by = 2-(1W—1U—1V)
212
: : o 15,2 o
]U =k1'lv+ (k1 ——2)([\/—]\/)
Iy
kIl — 1), - Iy
n kly -1y ly
[U:*
Iy
Iy =1y -1y
Iy =—Iy -1y

Determine the inner line-to-line voltages from the complex line-to-line voltages and currents:
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Ryw
Uiyv =Uyy + '(lv —lu)
R
Upnw =Uyw +—2 '(lw —lv) (A.3)
Ryw
Uiwu =Uwu + '(lu —lw)
Separate into positive and negative sequence line-to-line components (a = /23 ):
1 2
Uit =§'(Qiuv +a-Uyw +a_'inu)
(A.4)
1 2
Uiy = g'(giuv +a” -Upyw +Q'inu)
Determine the positive and negative sequence components of the inner phase voltage U;:
1 g
Ui =5 - Ui
3 (A.5)
1 lF
Ui = 3" Uil
Determine the asymmetrical inner phase voltages:
Uiy =Uji1y +Uj2)
2
Uy =4 Q|(1) +Q'Q|(2) (A.6)
2
Uiw =a-Ujqy+a” Uy
Determine‘the iron loss resistance:
2
U,
R =1 (A.7)
Be

where
Ut
Pfe

is according to 6.2.5.2;
is according to 6.1.3.2.5.
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(A.8)

brmine the inner phase currents:

Ly =1y —Ifey
Ly =1y — Iy
Ly = 1w — 1w

ermine the positive and negative sequence components of the inner phase currents:

1

2
Liiqy = '(iiu +ta-Iy+4&

'!iw)

1)

w

1 (A

3

2

(iiu tadivta

Liigy =

absolute values of the positive sequence current /; 1y shall be less than 30 % of the absq
e of the negative sequence current J;, in order to achieve accurate results. If this condi
Dt met, the test shall be repeated using a different value of R,.

brmine the air-gap power’

By = 3'(U§<1) Ly + Uy ";m))

Det

.9)

lute
tion

L . (A
Fy2)=3- (Ui(Z) Li(2) +Uy(2) 'Ii(2))
Ry =k '[(1 ~5)-(Pyt) = Prz)) - wa}
(A.

1

where k= B EE—
1+ Ly / fiz))

12)
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Annex B
(informative)

Types of excitation systems

The types of excitation systems considered for determination of the exciter losses are:

a)

b)

d)

shaft driven exciter

A DC or AC exciter machine is driven by the shaft of the main unit, directly or through a

the

uuuuuuuu

bxcitation winding via slip-ring and brushes.
brushless exciter

An AC exciter coupled to a synchronous main unit supplies the field winding'directly|
rotating rectifiers, avoiding slip-rings and brushes. The exciter can be~a)synchron
jenerator or an induction machine.

Excitation power of a synchronous exciter is derived either from a diréctly coupled AC
bxciter with permanent magnet excitation, or from an auxiliary (secoendary) winding in
main unit stator slots (same as in €)), or from a static supply.

An induction exciter is connected to a variable AC voltage supply.

separate rotating exciter

current to the field winding of the main unit.
static excitation system (static exciter)

[he excitation power is supplied to the field winding of the main unit by a static source s
bs batteries or a static power converter-fedfrom a separate source.

pxcitation from auxiliary winding (auxiliary winding exciter)

The excitation power for an AC generator is provided by an auxiliary (secondary) windin
he main unit stator slots, utilizings\fundamental or harmonic flux, and supplied to the f
vinding via rectifiers, slip-rings-and brushes.

via
ous

bilot
the

A DC or AC generator as part of a separate motor generator set supplies the excitation

uch

g in
ield
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Annex C
(informative)

Induction machine slip measurement

Rotor losses in induction machines are directly proportional to slip, with slip defined as

024

the

fractional departure of shaft speed from the synchronous speed corresponding to the supply

frequency and the number of motor poles.

megsurements are made. An example is the stroboscopic method, which uses)‘sup
frequency-derived pulsed illumination of an induction motor shaft, and counts the _numbe
slip|revolutions over a known time period.

The| following method is based on that principle, and provides very high accuracy
megsurements which can be automatically transferred to a data acquisition,system.

Figure C.1 shows the principle of the measurement system, in which two pulse trains
gengrated: one derived directly from the shaft of an induction machine under test, and a sec
directly related to the frequency of the power supply. The diagram shows two sequential s
encpders, each of which produce the same number of output{pulses per revolution, conne
to the shafts of an induction machine under test and a small synchronous motor connecte
the same power supply, respectively.

The|reference synchronous machine may be regarded as having zero slip.

The|two pulse trains are fed to the inputs of aztwo-channel digital counter which has the fag
to cplculate and display the ratio of the two input frequencies.

If a|] motor-alternator set is used as“the power supply for induction machine testing
megsurements, then the second (reference) shaft encoder may be connected directly to
alternator shaft. A further possibility is that the reference frequency be generated electronic
usirlg a phase-locked loop system.

If the ratio produced by the dual-channel counter, as above, is multiplied by the nom
synghronous speed ofithe reference (synchronous) motor in Figure C.1 (e.g. 1 500 min~"' f
4 pgle synchronous,motor with a nominal supply frequency of 50 Hz), then the coun
configured as above, displays the shaft speed of the induction machine under test corrected
supply frequeney, regardless of the induction machine pole number.

Slip| maythen be calculated directly from that indicated shaft speed.

eed
ose
ply-
r of

slip

are
ond
haft
tted
d to

ility

and
the

ally,

inal
Or a
ter,
for

If thetwo counters are started—and Stoppead syncnronously (I.e. at exXdcClly the same tmes),

the

actual counting time is not critical. Slip measurement should be made over the same averaging

time as the other measurements of motor voltage, current, electrical power and torque.
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(=)
Dual
/
channel hil — Output
counter 1500
(o) ——(=) s
4 pol
(4 poles) £c
Key
IM Induction machine under test (any number of poles)
SM Small synchronous motor (e.g. 4 poles) or main laboratory M-G set
SE1 Sequential shaft encoder, with e.g. 600 pulses per revolution (p.p.r.)
SE2 Sequential shaft encoder, with same no. of p.p.r. as SE1
/1 Frequency of pulse train from SE1
fa Frequency of pulse train from SE2
Output ratio f,/f, x synchronous speed of SM

Figure C.1 — Slip measurement system block’diagram



https://iecnorm.com/api/?name=91077195c4bbcee6a969769620e3463a

- 94 — IEC 60034-2-1:2024 © |EC 2024

Annex D
(informative)

Test report template for method 2-1-1B

Manufacturer Logo

Date of test: | |Repon number: | |Date of issue: |

Motor description

Rated output power K Manufacturer

Rated voltage A0 Model Nr.

Rated current A Serial Nr.

Rated speed min-t Duty type acc. to IEC 600341

Supphy frequency Hz Design

Number of phases - Inzulation clags acc. to [EC 60085

IEC 50034-30-1 (rated) [E-Code Max. ambient temperature C
Test resistance R 0 Test resistance s 0
Winding temperature i C Winding temperature By *C
Ambient temperature 8. C Ambient temperature 8. C
6.1.3.2.3 Load curve test Test resistance before loadkiest R 0
Rated output power e 125% 115% 100% 75% B0 25%
Torgue T MN.m

Input power Py W

Line current | A

Operating speed n min-

Teminal voltage U W

Frequency f Hz

Winding temperature g =C

Test resistance after load test R 0

6.1.3.2.4 No-load test Test resistance before no-load test R 0
U 110% $00% 05% 0% 60% 50% 40% 30%

Rated voltage

Input power Py W
Line current L A
Terminal voltage | U, "
Frequency fa Hz
W. temperature | 8, | 9G

Test resistance after no-lead test R 0

Rated outpuf pester corr. P:s % 125% 115% 100% 5% 50% 25%
Output power corrected Pza W
Slip carrected B8 pu.
Input power corrected P W
roplosses P W
rl;l.rt. ﬂlld l'i’illd. :UI}BG:} CUTT. P.\E !.
Additional-load losses Po W
Stator losses corrected Psa W
Rotor losses corrected Pes W
Power factar COS %
Efficiency n %a

Tested by: Approved
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MACHINES ELECTRIQUES TOURNANTES -

Partie 2-1: Méthodes normalisées pour la détermination des pertes et
du rendement a partir d'essais (a I'exclusion des machines

————————————————potrvéhicules detraction)———
AVANT-PROPOS

e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'lEC~a pour obijdg

es Spécifications techniques, des Rapports techniques, des Spécifications accessibles”au public (PAS) e
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée @‘des comités d'études
avaux desquels tout Comité national intéressé par le sujet traité peut™participer. Les organisa
ternationales, gouvernementales et non gouvernementales, en liaison ave€ KEC, participent également
avaux. L'IEC collabore étroitement avec I'Organisation Internationale dé) Normalisation (ISO), selon
onditions fixées par accord entre les deux organisations.

ont représentés dans chaque comité d'études.

omme telles par les Comités nationaux de I''EC. Tous les &fforts raisonnables sont entrepris afin que

Eventuelle mauvaise utilisation ou interprétation qui en‘est faite par un quelconque utilisateur final.

esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natior]

> O I

Bgionales correspondantes doivent étre indiguées en termes clairs dans ces derniéres.

IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend

= Q oh

dépendants.
ous les utilisateurs doivent §'assurer qu'ils sont en possession de la derniére édition de cette publication.

ucune responsabilité netdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatg
compris ses experts-particuliers et les membres de ses comités d'études et des Comités nationaux de |
our tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de qug

écoulant de la.publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de |
u au crédit gui_lui est accordeé.

attention\est attirée sur les références normatives citées dans cette publication. L'utilisation de publica
Eférencées est obligatoire pour une application correcte de la présente publication.

S 0 QO J0D < T

'IEC attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisation
u 'de’plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de
roit de brevet revendique a cet egard. A la date de publication du present document, I'lEC n'avait pas
notification qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a
d'avertir les responsables de la mise en application du présent document que des informations plus réce

O [

la Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normatisation comppsée

t de

hvoriser la coopération internationale pour toutes les questions de normalisation dans”les domaineg de
Electricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des,Normes internationples,

des
aux
ions
aux
des

les décisions ou accords officiels de I'lEC concernant les questions téchriques représentent, dans la mesufe du
ossible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intérejssés

es Publications de I'lEC se présentent sous la forme de{ecommandations internationales et sont agrgées

'IEC

assure de |'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de

ans le but d'encourager I'uniformité internationalé/;les Comités nationaux de I'lEC s'engagent, dans toute la

ales
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L'IEC 60034-2-1 a été établie par le comité d'études 2 de I'lEC: Machines tournantes. Il s'agit
d'une Norme internationale.

Cette troisiéme édition annule et remplace la deuxiéme édition de I'lEC 60034-2-1 parue
en 2014. Cette édition constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

harmonisation de la disposition et des procédures avec I'lEC 60034-2-2 et I'lEC 60034-2-3.

Le texte de cette Norme internationale est issu des documents suivants:
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bngue employée pour I'élaboration de cette Norme internationale est I'anglais.
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MACHINES ELECTRIQUES TOURNANTES -

024

Partie 2-1: Méthodes normalisées pour la détermination des pertes et

du rendement a partir d'essais (a I'exclusion des machines
pour véhicules de traction)

‘Domaimed'apptication

présente partie de I'lEC 60034 a pour objet de définir les méthodes de déterminatior
ement a partir d'essais et également de spécifier les méthodes qui permettent
rminer des pertes spécifiques.

brésent document s'appligue aux machines a courant continu ainsiyqu'aux maching

lecteurs a courant alternatif et les moteurs a induction monophasés.
Références normatives

documents suivants sont cités dans le texte de_sorte qu'ils constituent, pour tout ou p4g

tion citée s'applique. Pour les références non datées, la derniére édition du documen

60027-1, Symboles littéraux a utiliser en électrotechnique — Partie 1: Généralités

60034-1:2022, Machines électriques tournantes — Partie 1: Caractéristiques assignée

60034-19, Machines électriques tournantes — Partie 19: Méthodes spécifiques d'essai [

60034-29, Machines électriques tournantes — Partie 29: Techniques par charge équivald
ar/stiperposition — Essais indirects pour déterminer I'échauffement

60034-4-1:2018, Machines électriques tournantes — Partie 4-1: Méthodes pour
déteérmination, a partird‘essais, des grandeurs des machines synchrones a excitation électr

du
de

s a

rant alternatif, synchrones et a induction, de toutes dimensions, qui entrént dans le domaine
d'agplication de I'lEC 60034-1 et assignées pour un fonctionnement sur secteur.

eurs

rtie

eur contenu, des exigences du présent document. Pour les références datées, s¢ule

 de

la
que

our

bnte

IEC 60034-30-1, Machines électriques tournantes — Partie 30-1: Classes de rendement pour
les moteurs a courant alternatif alimentés par le réseau (code IE)

IEC 60051 (toutes les parties), Appareils de mesure électriques indicateurs analogiques a
action directe et leurs accessoires

IEC 60051-1, Appareils de mesure électriques indicateurs analogiques a action directe et leurs
accessoires — Partie 1: Définitions et exigences générales communes a toutes les parties
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3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 60034-1 et de
I''EC 60051-1 ainsi que les suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a |I'adresse http://www.iso.org/obp

3.1
rengement
rapport de la puissance de sortie a la puissance d'entrée, exprimé dans les mémes unitég, et
géngralement exprimé en pourcentage

3.2
détermination directe du rendement
méthode dans laquelle la détermination du rendement est effectuée.€n” mesurant directenent
la puissance d'entrée et la puissance de sortie

3.3
esspi en opposition a double alimentation
essai dans lequel deux machines identiques sont couplé€s mécaniquement, les pertes totales
des|deux machines étant calculées par la différence entre les puissances électriques que Ifune
absprbe et que l'autre fournit

3.4
détermination indirecte du rendement
méthode dans laquelle la détermination dusrendement est effectuée en mesurant la puissznce

d'erjtrée ou la puissance de sortie et en déterminant les pertes totales. Ces pertes sont ajoufées
a la| puissance de sortie, donnant ainsi‘la puissance d'entrée, ou soustraites de la puissance
d'erjtrée, donnant ainsi la puissance, de sortie

3.5
esspi en opposition a simple alimentation
essai dans lequel deux.machines identiques sont couplées mécaniquement, et connecfées
toutes deux au méme-~réseau. Les pertes totales des deux machines sont considérées commme
la puissance d'entrée-fournie par ce réseau

3.6
esspi a vide
essfi dans.lequel une machine fonctionne en moteur sans fournir de puissance mécanique Uitile
sur ['afbre, ou dans lequel une machine fonctionne en génératrice avec ses bornes en cifcuit
ouvert

3.7

essai au facteur de puissance nul

essai a vide effectué sur une machine synchrone surexcitée qui fonctionne a un facteur de
puissance trés voisin de zéro

3.8

méthode du circuit équivalent

essai sur une machine a induction dans lequel les pertes sont déterminées a I'aide d'un modéle
de circuit équivalent
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essai avec rotor retiré et essai de rotation inverse
essai combiné sur une machine a induction dans lequel les pertes supplémentaires en charge
sont déterminées a partir d'un essai avec rotor retiré et d'un essai avec le rotor qui opére dans
le sens inverse du champ magnétique tournant du stator

3.10

essai de court-circuit
essai sur une machine synchrone dans lequel une machine fonctionne en génératrice avec ses
bornes en court-circuit

3.11

esspi a rotor bloqué

ess

3.1%

hi dans lequel le rotor est bloqué pour empécher toute rotation

esspi Eh-star

ess

3.13
per

3.13
per
P

diffe

hi dans lequel le moteur fonctionne en connexion en étoile sur une tension de déséquil
es

A

es totales

rence entre la puissance d'entrée et la puissange,'de sortie, équivalente a la somme

bre

des

pertes constantes (voir 3.13.2), des pertes en chargde (voir 3.13.4), des pertes supplémentafires

en ¢

3.13.

per

P

per

Note
app€g

3.13
per
Pfe

par

3.13.

harge (voir 3.13.5) et des pertes dans le circuit d'excitation (voir 3.13.3)

2
es constantes

perﬂes qui incorporent la somme des‘pertes par ventilation, des pertes par frottement et

es dans le fer

1 a l'article: Méme si ces pertes varient en fonction de la tension et de la charge, elles sont traditionnelle
lées pertes "constantes" et le-terme est retenu dans le présent document.

2.1
es dans le fer

perﬂes dans leXfer dans les parties actives et pertes supplémentaires a vide dans les au

ies magnétiques et conductrices

per
wa

pert

des

ment

tres

es qui incorporent la somme des pertes par ventilation et par frottement

3.13.2.21

pertes par frottement
pertes dues au frottement (paliers et balais, si non relevés dans les conditions assignées), a
I'exclusion des pertes dans un systéme de graissage séparé


https://iecnorm.com/api/?name=91077195c4bbcee6a969769620e3463a

IEC

60034-2-1:2024 © |IEC 2024 - 105 -

3.13.2.2.2

pertes par ventilation
pertes totales dues au frottement aérodynamique dans toutes les parties de la machine, y
compris la puissance absorbée par les ventilateurs montés sur I'arbre et dans les machines

auxiliaires qui font partie intégrante de la machine

Note 1 a I'article: 1l convient de mentionner séparément les pertes dans un systéme de ventilation séparé.

Note 2 a I'article: Pour les machines refroidies indirectement ou directement a I'hydrogéne, voir I'EC 60034-1.
3.13.3

pertesdanstecircuitd'excitation

3.13.3.1

pertes dans le circuit d'excitation

Pe

sonme des pertes dans I'enroulement d'excitation (voir 3.13.3.2), des pertes dans I'excitafrice

(voir 3.13.3.3) et, pour les machines synchrones, des pertes électriques éventdelles dans

balg

3.1
per
Py
les
d'eX

3.17
per
Pgq
les

défi

a)

is (voir 3.13.3.5)

.3.2
es dans l'enroulement d'excitation

citation /, par la tension d'excitation Uy

.3.3
es dans l'excitatrice

hies comme suit:

bxcitatrice entrainée par I'arbre

déduction faite des pertes parfrottement et par ventilation), a laquelle s'ajoute la puiss
P, fournie par une source séparée au niveau de ses bornes d'enroulement d'excita

moins la puissance utile fournie par I'excitatrice a ses bornes. La puissance utile aux bop
He l'excitatrice estyégale aux pertes dans l'enroulement d'excitation, selon 3.13.
huxquelles s'ajoutent (dans le cas d'une machine synchrone) les pertes électriques d
es balais, selon 3-13.3.5

Note 1 a I'articled ™ Si I'excitatrice peut étre désaccouplée et soumise a I'essai séparément, ses pertes pel
btre détermin€ées conformément au 7.1.3.2.1.5.

Note 2. & 1"article: Lorsque I'excitatrice utilise des alimentations auxiliaires séparées, leurs consommations
b inclure dans les pertes dans l'excitatrice, sauf si elles sont prises en compte avec la consommation
buxiliaires de la machine principale.

les

pertes dans l'enroulement d'excitation (de champ) soft égales au produit du coufant

pertes dans l'excitatrice pour les différents systémes d'excitation (voir Annexe B) sont

es pertes dans l'excitatrice sont la puissance absorbée par I'excitatrice sur son afbre

nce
ion,
nes
3.2,
ans

vent

sont
des

b) excitatrice sans balai

les pertes dans I'excitatrice sont la puissance absorbée par l'excitatrice sur son arbre,
déduction faite des pertes par frottement et par ventilation (lorsque I'essai correspondant
est réalisé sur I'ensemble machine principale-excitatrice), a laquelle s'ajoute la puissance
électrique P, fournie par une source séparée éventuelle absorbée par son enroulement de

champ ou son enroulement du stator (dans le cas d'une excitatrice a induction), moins la
puissance utile fournie par I'excitatrice aux bornes du convertisseur tournant de puissance

Note 3 a I'article: Lorsque I'excitatrice utilise des alimentations auxiliaires séparées, leurs consommations
a inclure dans les pertes dans I'excitatrice, sauf si elles sont prises en compte avec la consommation des
auxiliaires de la machine principale.

Note 4 a I'article:

étre déterminées conformément au 7.1.3.2.1.

sont

Si I'excitatrice peut étre désaccouplée et soumise a I'essai séparément, ses pertes peuvent
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excitatrice tournante séparée

les pertes dans l'excitatrice sont la différence entre la puissance absorbée par le moteur
d'entrainement, a laquelle s'ajoute la puissance absorbée par les alimentations auxiliaires
séparées, des machines d'entrainement et entrainées, y compris la puissance fournie par
une source séparée a leurs bornes d'enroulement d'excitation, et la puissance d'excitation
fournie selon 3.13.3.2 et 3.13.3.4. Les pertes dans l'excitatrice peuvent étre déterminées
conformément au 7.1.3.2.1

systéme d'excitation statique
excitatrice statique

€S pertes dans te systéme d'excitation sont fa différence entre ta puissance etecirique
ournie par sa source de puissance, a laquelle s'ajoute la puissance absorbée_ par|les
Blimentations auxiliaires séparées, et I'excitation fournie selon 3.13.3.2 et 3.13.34

Note 5 a l'article: Dans le cas de systémes alimentés par des transformateurs, les pertes dans le transformateur
Hoivent étre incluses dans les pertes dans I'excitatrice.

pxcitation en provenance d'un enroulement auxiliaire
bxcitatrice a partir d'un enroulement auxiliaire

es pertes dans l'excitatrice sont les pertes dans le cuivre dans Jenroulement auxiligire
secondaire) et les pertes supplémentaires dans le fer produites par lI'augmentation |des
harmoniques de flux. Les pertes supplémentaires dans le fer-sont la différence entre| les
pbertes qui se produisent lorsque I'enroulement auxiliaire est\chargé et lorsqu'il est déchargé

Note 6 a l'article: Dans la mesure ou la séparation de la composante des pertes d'excitation est difficile, |l est
ecommandé de considérer ces pertes comme faisant partie/intégrante des pertes dans le stator lors ge la
léetermination de I'ensemble des pertes.

Dans les cas c) et d), les pertes éventuelles deNa‘source d'excitation ou dans les connexions
bntre la source et les balais (machine synchrone) ou entre la source et les borneg de
'enroulement d'excitation (machine a courant continu) ne sont pas prises en compte.

Si I'excitation est fournie par un systéme avec des composants tels que ceux décrits de b)

b e), les pertes dans I'excitatrice doivent inclure les pertes correspondantes des composants
Jui appartiennent aux catégoriesenumérées a I'Annexe B si applicables

ssance d'excitation fournie séparément

bour les types d'éxcitatrices a) et b), la puissance d'excitation dans I'excitatrice (excitafrice

bar [arbre;

e
pour le type d'excitatrice e), Pqg = 0, la puissance d'excitation étant fournie entiérement par
I'arbre. P4g = 0 également pour les machines avec une excitation a aimants permanents.

types d'excitatrices doivent étre conformes au 3.13.3.3

3.13.3.5

per
Py,

tes dans les balais (circuit d'excitation)

pertes électriques dans les balais (y compris les pertes de contact) de machines synchrones a

exc

itation séparée
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3.13.4
pertes en charge

3.13.41
pertes en charge

P

somme des pertes dans |'enroulement (/2R) (voir 3.13.4.2) et des pertes électriques éventuelles
dans les balais (voir 3.13.3.5)

3.13.4.2
pertes dans I'enroulement

les

3.17
per
Py,

bertes dans I'enroulement sont les pertes 2R:

Hans le circuit d'induit des machines a courant continu;
Hans les enroulements du stator et du rotor des machines a induction;

Hans les enroulements d'induit et de champ des machines synchrones

4.3
es dans les balais

perfes électriques dans les balais (y compris les pertes de contact)-dans le circuit d'induit

mad

3.17
per
P

hines a courant continu et dans les machines a induction & rotor bobiné

.5
es supplémentaires en charge

perfes produites par le courant de charge dans le.fer actif et les autres parties magnétique]

con
d'ern
sup

Note]

3.13
per
P

SC

roulements dues aux pulsations de flux gui'dépendent des courants de charge, et pe
blémentaires dans les balais dues a lasxcommutation

1 a l'article: Ces pertes ne comprennent.pas les pertes supplémentaires a vide du 3.13.2.2.

.6
es en court-circuit

pertes qui dépendent du courant dans une machine synchrone et dans une machine a cou

con

3.14
gra

3.14

inu, lorsque I'enroulement d'induit est court-circuité

!
hdeurs d'essai <machines a courant alternatif polyphasé>

.1

tension-aux bornes

pou

I les'machines a courant alternatif polyphasé, moyenne arithmétique des tensions de li

des

s et

Huctrices autres que les conducteurs, pertes.par courants de Foucault dans les conductgurs

rtes

rant

gne

3.14.2

cou

rant de ligne

pour les machines a courant alternatif polyphasé, moyenne arithmétique des courants de ligne

3.14.3

résistance entre lignes
pour les machines a courant alternatif polyphasé, moyenne arithmétique des résistances
mesurées entre chaque paire de bornes

Note

1 a l'article: Pour les machines triphasées connectées en Y, la résistance de phase représente 0,5 fois la
résistance entre lignes. Pour les machines connectées en A, la résistance de phase représente 1,5 fois la résistance
entre lignes.
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Note 2 a l'article: Les Articles 6 et 7 donnent des explications et des formules pour les machines triphasées, sauf

spécification contraire.

3.14.4
échauffement

température de la machine moins la température de I'agent de refroidissement (fluide de
refroidissement) telle que définie par I'lEC 60034-1

4 Symboles et abréviations

teur

1

4.1 —Symbotes

cos|p est le facteur de puissance

f est la fréquence d'alimentation, Hz

1 est le courant de ligne (moyenne de toutes les phases), A

kg est le facteur de correction de température

n est la vitesse de fonctionnement, s~

p est le nombre de paires de péles

P est la puissance, W

Py est la puissance d'entrée a vide, W

P, est la puissance d'entrée, a I'exclusioi.de I'excitation?, W

Py est la puissance de sortie, W

Py correspond aux pertes dans.des balais, W

Pp est la puissance de _sortie (puissance sur [l'arbre) d'un mo
d'entrainement, W

P, correspond aux pertes dans le circuit d'excitation, W

PiE est la puissance-d'excitation fournie par une source séparée, W,

Pey correspondlaux pertes dans I'excitatrice, W

Py est la puissance électrique, a I'exclusion de I'excitation, W

Py correspond aux pertes dans I'enroulement d'excitation (de champ), W

Pseo correspond aux pertes dans le fer, W

Ppy correspond aux pertes par frottement et par ventilation, W

P, correspond aux pertes constantes, W

P correspond aux pertes en charge, W

P, correspondatxpertesrésiduetesW

P correspond aux pertes supplémentaires en charge, W

Py, correspond aux pertes en court-circuit, W

Priech est la puissance mécanique, W

Pt correspond aux pertes totales, W

Cette définition prend pour hypothése une tension et un courant sinusoidaux.

2 sauf spécification contraire, les essais du présent document sont décrits pour le fonctionnement en mode moteur,
ou P, et P, sont respectivement la puissance d'entrée électrique et la puissance de sortie mécanique.
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correspond aux pertes dans I'enroulement, W, ou l'indice w est
généralement remplacé par a, f, e, s ou r (voir 4.2)

est une résistance d'enroulement, Q

est la valeur réelle de la résistance auxiliaire pour I'essai Eh-star (voir
6.2.5), Q

est la valeur type de la résistance auxiliaire, Q
est la résistance d'enroulement de champ, Q

est la résistance entre lignes (moyenne de toutes les phases), Q

Les
mag

Con

R+jxX

z|=\R? + x?
|

Indices supplémentaires

indices Sdivants peuvent étre ajoutés aux symboles afin de clarifier la fonction d
hine et.de différencier les valeurs.

nposants de la machine:

est la résistance de phase (moyenne de toutes les phases), Q

est le glissement, en valeur par unité de vitesse synchrone
est le couple de la machine, N-m
est la valeur lue du dispositif de mesure de couple, N-m

est le tension aux bornes (moyenne de toutes les phases), V
est la tension aux bornes a vide (moyenne de toutes les phases), V

est la tension assignée aux bornes, V

est la réactance, Q

est l'indication pour une grandeur coniplexe (impédance, par exemple

est la valeur absolue d'une grandeur complexe (impédance, par exemple)

est I'impédance, Q

est un coefficient de température

est le rendement

est la températurezinitiale des enroulements, °C

est la température ambiante, °C
est la tempegrature d'entrée du fluide de refroidissement primaire, °C
est la température des enroulements, °C

eStune constante de temps, s

w
)

induit

excitation

enroulement de champ

rotor
stator

enroulement

U, V, W désignations de phases
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Catégories de machines:

B survolteur

E excitatrice

G génératrice
M moteur

Conditions de fonctionnement:

0 a vide

1 entrée

2 sortie

av moyen, moyenne
d dissipé

el électrique

i interne

court-circuit
L charge d'essai
Ir rotor bloqué

megh mécanique

N assigné

red sous tension réduite

t essai

zpf essai au facteur de puissance nul

0 corrigé pour une température dufluide de refroidissement de référence.

NOTE D'autres indices supplémentaires sontintroduits dans les paragraphes correspondants.
5 |Exigences fondamentales

5.1 Détermination directe et indirecte du rendement
Les|essais peuvent étre regroupés dans les trois catégories suivantes:

a) mesure de darpuissance d'entrée et de la puissance sortie d'une seule machine. Ceci
mplique_la*mesure directe de la puissance électrique ou mécanique qui entre dans |une
machine, et de la puissance mécanique ou électrique qui provient d'une machine;

b) mesure de la puissance électrique d'entrée et de sortie sur deux machines identi
connectées mécaniquement en opposition. Ceci a pour objectif d'éliminer la mesure d

c) détermination des pertes réelles dans une machine dans des conditions déterminées. Il ne
s'agit généralement pas des pertes totales, mais cela comprend certaines composantes de
pertes.

Les méthodes de détermination du rendement des machines sont fondées sur un certain
nombre d'hypothéses. Par conséquent, il n'est pas recommandé d'effectuer une comparaison
entre les valeurs de rendement obtenues par différentes méthodes, dans la mesure ou les
chiffres peuvent ne pas nécessairement s'accorder.
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5.2 Incertitude

L'incertitude, telle qu'utilisée dans la présente norme, est l'incertitude de la détermination d'un
rendement réel. Elle reflete les variations dans la procédure d'essai et I'équipement d'essai.

Méme si l'incertitude doit étre exprimée en fonction d'une valeur numérique, une telle exigence
nécessite des essais suffisants pour déterminer des valeurs représentatives et comparatives.

5.3 Méthodes préférentielles et méthodes pour essais d'acceptation spécifiques au
client, essais sur le terrain ou essais individuels de série

Il egt difficile d'établir des régles spécifiques pour la détermination du rendement. Le choix de
I'esgai a réaliser dépend des informations exigées, de I'exactitude exigée, du type et dé\a taille
de |a machine impliquée et de I'équipement d'essai disponible sur le terrain (alimentatjion,
chafge ou machine d'entrainement).

Dans les paragraphes suivants, les méthodes d'essai adaptées aux machines-asynchronefs et
synghrones sont séparées des méthodes préférentielles et des méthodés pour les espais
d'aqceptation spécifiques au client, les essais sur le terrain ou les essalis’individuels de série.

5.4| Alimentation électrique
5.4/ Tension

La tension d'alimentation doit étre conforme au 7.2 (et au(8.3.1 pour les essais thermiques) de
I''EC 60034-1:2022.

5.4.2 Fréquence

1%
o

Au pours des essais, la fréquence d'alimentation moyenne doit étre égale a +0,1 % d
fréquence exigée pour I'essai en cours de réalisation.

5.5 Instrumentation
5.5 Généralités

Les|conditions d'environnement doivent se situer dans la plage recommandée indiquée par le
fabricant de I'appareil. Le.cas échéant, des corrections de température conformément & la
spétification du fabricant'de I'appareil doivent étre appliquées.

Les|appareils detmésure numériques doivent étre utilisés dans toute la mesure du possiblg.

Pour les appareils de mesure analogiques, I'exactitude est généralement exprimée comme un
poufcentage de la pleine échelle, la plage des appareils de mesure choisis devant étre la plus
restreinte’possible.

La pleine échelle des appareils, notamment des capteurs de courant, doit étre adaptée a la
puissance de la machine en essai.

Pour les appareils de mesure analogiques, il convient que les valeurs lues se situent dans le
tiers supérieur de la plage de mesure de l'instrument.

Dans le cadre des essais de machines électriques en charge, des fluctuations lentes de la
puissance de sortie et des autres grandeurs mesurées peuvent étre inévitables. Par
conséquent, pour chaque point de charge, de nombreuse lectures (en général plusieurs
centaines de lectures) doivent étre effectuées automatiquement par un compteur numérique
approprié sur une période de plusieurs cycles de fluctuations d'au moins 5 s, mais de 60 s au
maximum, et cette moyenne doit étre utilisée pour la détermination du rendement.
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5.5.2 Appareils de mesure pour les grandeurs électriques

Les appareils de mesure doivent avoir I'équivalent d'une classe d'exactitude de 0,2 dans le cas
d'un essai direct et de 0,5 dans le cas d'un essai indirect, conformément a I''EC 60051.
L'appareil de mesure doit avoir une incertitude globale maximale de 0,2 % de lecture au facteur
de puissance 1,0 et doit inclure toutes les erreurs des transformateurs de mesure ou des
transducteurs, s'ils sont utilisés.

NOTE Pour un essai individuel de série tel que celui décrit dans I'lEC 60034-1, une classe d'exactitude de 0,5 est
suffisante.

Da
nor

e, la moyenne arithmétique des courants et tensions de ligne doit étre utilisée.

5.53 Mesure du couple

Le dispositif de mesure de couple doit avoir une classe minimale de 0,2. Lé |couple minimal
meguré doit étre égal a au moins 10 % du couple nominal du couplemétre. ‘Cela s'applique
également aux mesures de charges partielles, car l'incertitude de I'appareil augmente lorsque
les valeurs lues sont faibles. Si un appareil de classe supérieure est utilisé, la plage des valgurs
de gouple autorisée peut étre élargie en conséquence.

NOTE Par exemple, une classe de 0,1 signifie 5 % du couple nominal du codplemétre.

Le dispositif de mesure de couple autorisé est un couplemétre ‘en ligne ou un capteur de coliple
de réaction entre la machine et sa base. Dans ce derniéer cas, la machine est directement
couplée a la charge. Voir Figure 2.

Moteur —CI— Charge Moteur e Charge
T ‘L T
Couplemetre enligne Couplemeétre de réaction

IEC
Figure 1 — Dispositifs de mesure de couple

Il doit étre noté que\la température du capteur de couple (c'est-a-dire due a la proximité du
rotor) peut étre supérieure a la température ambiante et est reconnue comme contribuant de
facan significative’ a I'incertitude globale. Dans ce cas, la contribution de la températufe a
I'ingertitude dgit étre limitée a 0,15 % de la pleine échelle. Si cela n'est pas possible, june
cornection_de“température appropriée doit étre appliquée.

D

et

Il cpnhvient de réduire le plus possible les charges parasites par l'alignement de l'arbr
I'utilisation de couplages flexibles.

5.5.4 Mesure de la vitesse et de la fréquence

L'instrumentation utilisée pour mesurer la fréquence d'alimentation doit avoir une exactitude de
+0,1 % de la pleine échelle. Il convient que la mesure de la vitesse soit exacte a 0,1 tour par
minute.

NOTE Pour les machines asynchrones, la mesure du glissement par une méthode adaptée peut remplacer la
mesure de la vitesse (voir Annexe C).

5.5.5 Mesure de la température

Les appareils utilisés pour mesurer les températures doivent avoir une exactitude de 1 K.
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5.6 Unités

Sauf spécification contraire, les unités des valeurs sont les unités Sl répertoriées dans
I'lEC 60027-1.

5.7 Résistance
5.7.1 Résistance d'essai

La résistance d'enroulement R est la valeur ohmique, déterminée par des méthodes
appropriées.

PoJr les machines a courant continu, R est la résistance totale de tous les enroulem}nts
par¢ourus par le courant d'induit (induit, commutation, enroulement de compeénsafion,
enrgpulement composé).

Pour les machines a courant continu et les machines synchrones, R;hest la résistgnce
d'erfroulement de champ.

Pour les machines a courant alternatif polyphasé, R = R, est |la résistance moyenne entre lignes

de llenroulement du stator ou de I'enroulement d'induit, conformément au 3.14.3. Dans lecas
de machines a induction a rotor bobiné, R, est la résistance,moyenne entre lignes du rotg

=

La fésistance mesurée a la fin de I'essai thermique doit étre déterminée dés que possiblel au
plug tard aprés deux fois l'intervalle spécifié dans lesTableau 6 de I'lEC 60034-1:2022. PDes
lectpires supplémentaires doivent étre effectuées aintervalles d'environ 1 min, jusqu'a ce [que
les valeurs lues aient commencé a diminuer sensiblement par rapport a la valeur maximale
corrlespondante. Une courbe de ces valeurs ‘lués doit étre tracée en fonction du temp$ et
extrapolée a zéro. La valeur de la températape ainsi obtenue doit étre considérée comme la
température a l'arrét.

La température mesurée des enroulements doit étre déterminée conformément au 5.7.2.

5.7 Température des enroulements

La température mesurée des enroulements doit étre déterminée par l'une des méthgdes
suifantes (indiquées par.ordre de préférence):

a) lempérature déterminée & partir de la résistance d'essai en charge assignée Ry pdr la
brocédure d'éxtrapolation décrite en 5.7.1;
b) température mesurée directement soit par ETD ou soit par thermocouple; si la tempérafure

bst mesurée par plusieurs ETD ou thermocouples, la moyenne de toutes les valeurs |ues
Hoit @tre utilisée;

c) jempérature déterminée conformément au point a) sur une seconde machine de m¢me
construction et de méme conception électrique;

d) sila capacité en charge n'est pas disponible, déterminer la température de fonctionnement
conformément a I'lEC 60034-29;
e) si la résistance d'essai en charge assignée Ry ne peut pas étre mesurée directement, la

température des enroulements doit étre admise par hypothése comme étant égale a la
température de référence de la classe thermique assignée indiquée dans le Tableau 1.
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Tableau 1 — Température de référence

Classe thermique du systéme Température de référence
d'isolation
°C
130 (B) 95
155 (F) 115
180 (H) 135

Si
corr
con
bas

Les
pas
obte

5.7.

Si d
doiy
cor
indu

'échauffement assigné ou la température assignée est spécifié(e) a une valeur

struction, alors la température de référence doit étre celle de la classe thermigue la
5e.

moteurs qui sont soumis a des essais de vérification a des fins de réglementation ne doi
étre démontés. Dans ce cas, la mesure de la température des enroulements doit
nue en modifiant la méthode de résistance.

3 Correction par rapport a la température du fluide de refroidissement de
référence

ela est exigé, les valeurs de résistance d'enroulement\&nregistrées au cours de l'e
ent étre rapportées a une température de référence(normalisée de 25 °C. Le facteu

normalisée de 25 °C doit étre déterminé par

La ¢
pou

23570, +25-0,
235+0,

6

est le facteur de correction de température pour les enroulements;
est la température du fluide de refroidissement primaire au cours de l'essai;

est la température des enroulements, conformément au 5.7.2.

onstante detempérature 235 est valable pour le cuivre; il convient de la remplacer par
I les conducteurs en aluminium.

qui

espond a une classe thermique inférieure a la classe du systéme utiliséndang la

blus

ent

Btre

5sai
de

ection pour régler la résistance d'enroulement (et{le glissement en cas de machings a
ction a cage) par rapport a une températuresdu/fluide de refroidissement de référgnce

(1)

225

, la

Pour des”machines dont le fluide de refroidissement primaire ou secondaire est l'eau
L] | I £ o | oit e 25 °C " ) : T 5

temhpe
I'EC 60034-1:2022. D'autres valeurs peuvent étre spécifiées par accord.

5.8

Etat de la machine en essai et catégories d'essais

de

Les essais doivent étre effectués sur une machine assemblée avec les composants essentiels
en place, afin d'obtenir des conditions d'essai identiques aux conditions normales de
fonctionnement ou trés proches de celles-ci.

Pour la manipulation des systémes d'étanchéité pour les mesures liées a la classification du
rendement, voir I''EC 60034-30-1.

Il est préférable de choisir la machine de maniére aléatoire a partir d'une production en série,
sans considérations particuliéres.
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Les sous-essais qui constituent une procédure d'essai doivent étre réalisés selon I'ordre
indiqué. Il n'est pas essentiel de réaliser les essais immédiatement I'un aprés l'autre.
Cependant, si les sous-essais sont réalisés avec retard, alors les conditions thermiques
spécifiées doivent étre rétablies avant d'obtenir les valeurs d'essai.

Pour les machines a balais réglables, les balais doivent étre placés dans la position qui
correspond aux caractéristiques assignées spécifiées. Pour les moteurs a induction avec un
rotor bobiné équipé d'un dispositif de relevage des balais, les balais doivent étre relevés au
cours des essais, avec I'enroulement du rotor court-circuité. Pour les mesures a vide, les balais
doivent étre placés dans I'axe neutre sur les machines a courant continu.

PoJr les machines a balais, lors de I'essai a la charge assignée et avant tout mesurage| un
examen visuel doit étre effectué pour vérifier si les balais sont bien fixés, et xane” peau
appfopriée est développée.
Les|pertes dans les paliers dépendent des températures de fonctionnement des|paliers, du fype
de lpbrifiant et de la température du lubrifiant.
S'il lest nécessaire d'indiquer les pertes dans un systéme de graissage¢ séparé des paliers, il
conyient de les mentionner séparément.
Dans le cas de moteurs équipés de paliers de butée, seule laspertion de perte dans le palief de
butee produite par le moteur lui-méme doit étre incluse dans\Jes pertes totales.
Les|pertes par frottement dues a la charge sur la butée‘peuvent étre incluses par accord.
Si Id machine soumise a l'essai utilise un refroidissement a flux direct des paliers, ces pertes
sonf distribuées entre la machine soumise a\'essai et toute autre machine couplée a |elle
méganiquement, telle qu'une turbine, proportionnellement aux masses de leurs paities
tounnantes. S'il n'y a pas de refroidissement a flux direct, la distribution des pertes dans| les
paliers doit étre déterminée par accord;a partir de formules empiriques.
5.9 Mesures du circuit d'excitation
La détermination de la tensjion.U, et du courant I, (voir 3.13.3.2) dépend des configurations du
sys{éme d'excitation (voir 3:13.3.3). Lorsque cela est applicable, les valeurs d'essai doiyent
étrel enregistrées conformément a ce qui suit:
a) pour les machineés entrainées par l'arbre, les excitatrices tournantes séparées,|les
pxcitatrices statiques et les excitatrices a enroulement auxiliaire (voir 3.13.3.3 a), ¢), q) et
2)), la tensjon U, et le courant 7, sont mesurés:
- aux-bornes de I'enroulement d'excitation des machines a courant continu;
- (aux bagues de I'enroulement de champ des machines synchrones;

b)

d'essai doivent étre enregistrées par I'une des deux méthodes suivantes:

. L AV W
pourtes TTachimes excitees par desexcitatrices sars batair{voir3-1+3-3-3 b)) tesvateurs

tension U, mesurée a l'aide de bagues auxiliaires (provisoires) connectées aux
extrémités de I'enroulement de champ. A partir de la tension et de la résistance R,
_ Ue Uf
e~ "pH 5
Re R¢
d'enroulement de champ est a mesurer aprés l'arrét de la machine en utilisant la
procédure d'extrapolation décrite en 5.7.1;

déterminer le courant d'enroulement de champ 7 La résistance

tension U, et courant /, mesurés a l'aide de bagues de puissance, adaptées pour une
mesure directe du courant d'enroulement de champ.

NOTE La différence entre U, et U; (chute de tension des balais) est quasiment négligeable en pratique.
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tensions et les courants doivent étre mesurés a des tempeératures stabilisées.

Les pertes dans le circuit d'excitation P, sont déterminées conformément au 7.1.3.2.1.5
(machines synchrones) ou au 8.3.2.1.5 (machines a courant continu).

5.10 Température ambiante pendant les essais

Il convient que la température ambiante se situe dans la plage comprise entre 15 °C et 40 °C.

6.1
6.1.
Le

ince
utili

Met
mesg
Met
en

I'An

Mét
en

induction

Méthodes d'essai préférentielles

1 Généralités

ser dépend du type ou des caractéristiques assignées de la machine en essai:

ure de couple. A appliquer pour toutes les machines maof¢phasées.

hode 2-1-1B: Sommation des pertes séparées. Déiermination des pertes supplément

tripiLasées dont la puissance de sortie assignée estinférieure ou égale a 2 MW. Voir égale

exe D.

hode 2-1-1C: Sommation des pertes separées. Détermination des pertes supplément

triphasées dont la puissance de sortieassignée est supérieure a 2 MW.

Tableau 2 — Machines*a induction: méthodes d'essai préférentielles

ires
charge par la méthode des pertes résiduellest. A appliquer pour toutes les macrztnes

présent document définit trois différentes méthodes préférentielles avec une fqgible
rtitude dans la plage d'application indiquée dans le Tableau 2. Layméthode spécifiqye a

hode 2-1-1A: Mesure directe des puissances d'entrée et deg sortie a I'aide d'un dispositif de

ent

ires

charge par la méthode de la valeur assignée. A appliquer pour toutes les machines

Référence Méthode Description Paragraphe Application D':g;;sé;'fs
2-1H1A Mesure directe: Mesure du couple 6.1.2 Toutes les Dispositif de
i machines mesure de couple
Puissances monophasées pour la pleine
entrée-sortie charge
2-1H1B Sommation des P, déterminées a 6.1.3 Machines Dispositif de
pertes: partir des pertes triphasées avec mesure de couple
Pertes résiduelles puissance de’ pour 1,25 x la
el sortie assignée pleine charge, ¢u
résiduelles inférieure ou machine en
cgate a2 v chrargepour
1,25 x la pleine
charge avec
dispositif de
mesure de couple
2-1-1C Sommation des P, a partir d'une 6.1.4 Machines
pertes: valeur assignée triphasées avec
L puissance de
Valeur assignée sortie assignée
supérieure a
2 MW.
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6.1.2 Méthode 2-1-1A — Mesure directe des puissances d'entrée et de sortie

6.1.2.1 Généralités

Il s'agit d'une méthode d'essai dans laquelle la puissance mécanique P, d'une machine est
déterminée par la mesure du couple sur I'arbre et de la vitesse. La puissance électrique Py du
stator est mesurée pendant le méme essai.

Les puissances d'entrée et de sortie sont:

podr le
fonttionnement en Py = Pg); Py = Ppech (VOir Figure 2); (2)

mofde moteur:

poyr le fonctionnement , _ p . p.=p
en mode génératrice: 17 Fmech 27 Tel. (3)

e IEC
Figure 2 — Schéma poiur I'essai de mesure du couple

Comme vue d'ensemble, la Figure 3\représente un organigramme pour la déterminatior] du
renglement par cette méthode d'essai.

Mesure directe

l

Puissance de sortie du
dispositif de mesure de couple

l

Rendement

IEC
Figure 3 — Détermination du rendement selon la méthode 2-1-1A

6.1.2.2 Procédure d'essai

Coupler la machine en essai a une machine en charge avec un dispositif de mesure de couple.
Faire fonctionner la machine en essai a la charge exigée jusqu'a I'obtention de I'équilibre
thermique (taux de variation de 1 K ou moins par demi-heure).

Enregistrer U, I, Py, n, T, 0.
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Immédiatement aprés I'essai, la dérive du dispositif de mesure du couple doit étre vérifiée. En
cas d'écart supérieur a la tolérance admissible du dispositif de mesure du couple, le régler et
répéter les mesurages.

6.1.

2.3 Détermination du rendement

Le rendement est:

La |

pou
fon
mo

pol
en

ou

6.1

6.1.

II's'

(4)

uissance d'entrée P, et la puissance de sortie P, sont les suivantes:

rle
ctionnement en Py =Pgy; Py = Prech
He moteur:
r le fonctionnement

C ; P,=P i Po=P
mode génératrice: '~ mech 727 el

mech=2'|T><T><n

3 Méthode 2-1-1B — Sommation des pertes, avec détermination des pertes

supplémentaires enharge selon la méthode des pertes résiduelles
3.1 Généralités

hgit d'une méthode)d'essai dans laquelle le rendement est déterminé par la sommation

perfes séparées. Lles composantes de pertes respectives sont les suivantes:

bertes dans-le fer;
bertes_par ventilation et par frottement;

bertes’dans le cuivre du stator et du rotor;

(5)

(6)

(7)

des

Comme vue d'ensemble, la Figure 4 représente un organigramme pour la détermination du
rendement par cette méthode d'essai.
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‘ Mesure indirecte ‘

l

‘ Pertes séparées |

l

Résistances d'enroulement a la température ambiante

l

6.1.3.2.1 Essaiala charge assignee
Résistances d’enroulement a I'essai
a la charge assignée

l

6.1.3.2.2 Pertes en charge
Pertes dans I'enroulement du

L otatoretdurotor |

l

6.1.3.2.3 Essai de la courbe de charge
avec la mesure du couple, de la vitesse
et des résistances d’enroulement

l

6.1.3.2.4 Essai a vide
Reésistances d’enroulement a{essai
avide

l

6.1.3.2.5 Pertes constantes
Pertes'gar frottement et par
ventilation
Pertes dans le fer

l

6.1.3.2.6 Pertes supplémentaires
en charge
a partir des pertes résiduelles

i

\ 6.1.3.3.1 Pertes totales |

l

‘ 6.1.3.2.2 |

IEC

Figure 4 — Détermination du rendement selon la méthode 2-1-1B

6.1.3.2 Procédure d'essai
6.1.3.2.1 Essai a la charge assignée

Avant de démarrer cet essai en charge, mesurer la température et la résistance d'enroulement
du moteur, le moteur étant a la température ambiante.

La machine doit étre mise sous charge par des moyens adaptés, avec une puissance de sortie
assignée, et elle doit étre mise en fonctionnement jusqu'a I'obtention de I'équilibre thermique
(taux de variation de 1 K ou moins par demi-heure). Enregistrer les grandeurs suivantes:

- P1aT!11 Uanaﬁecae;

— Ry = R (la résistance en essai pour la charge assignée, conformément au 5.7.1);
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— 0 (la température des enroulements a la charge assignée, conformément au 5.7.2).

024

Immédiatement aprés I'essai en charge, la dérive du transducteur de couple doit étre vérifiée.
En cas d'écart supérieur a la tolérance admissible du transducteur, le régler et répéter les
mesurages.

6.1.3.2.2 Pertes en charge

6.1.3.2.2.1 Pertes dans l'enroulement du stator et correction de température

Les

pertes dans I'enroulement du stator non corrigées a la charge assignée sont:

ou }
Dét
stat|
refr

ou

6.1.

Podr les pertes dans I'enroulement du rotor non corrigées, utiliser la formule:

ou

P =15xI?xR
et R sont déterminés en 5.7.1.

Dr Ry a partir de I'essai a la charge assignée, corrigée pour unéetempérature du fluide
bidissement de référence de 25 °C:

Fsp = B x kg

g est la correction selon 5.7.3 pour I'enroulemeént du stator.

3.2.2.2 Pertes dans I'enroulement du rotor et correction de température

R =(P,~PR ~FBg )xs

1 et f<—sont conformes a I'essai a la charge assignée;

est conforme a I'essai en charge décrit ci-dessus;

(8)

brminer les pertes dans I'enroulement du stator en utilisant la résjstance d'enroulement du

de

10)

11)

est conforme au 6.1.3.2.5.

Les pertes dans I'enroulement du rotor corrigées sont déterminées en utilisant la valeur corrigée

des

ou

pertes dans I'enroulement du stator:

Fe :(P1 —Fp—Fe )XSe

est conforme au 6.1.3.2.5 pour une température du fluide de refroidissement de

référence de 25 °C;
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sg =sxkg est le glissement corrigé pour une température du fluide de refroidissement de

kg

6.1.

référence de 25 °C (voir 5.7.3);
est la correction selon 5.7.3.

3.2.2.3 Correction de température de la puissance d'entrée (pour un moteur)

Les pertes dans l'enroulement du stator et du rotor étant corrigées, la puissance d'entrée
corrigée est:

6.1.

Cet
ala

Si d

I'éc

3.2.3 Essai de la courbe de charge

essai doit étre effectué immédiatement aprés I'essai a la charge assignéeavec le mo
température de fonctionnement.

a partir d'un essai de température a la charge assignée.

App

env

étre

tem

ron 125 %, 115 %, 100 %, 75 %, 50 % et 25 % defla charge assignée. Ces essais doi

pérature dans la machine pendant les essais.

12)

teur

ela n'est pas possible, avant de commencer a enregistrer les_données pour cet egsai,
pnauffement des enroulements doit étre de I'ordre de 5 K de I'échauffement initial 8, obfenu

liquer la charge (puissance sur l'arbre) a la machineyaux six points de charge suivants:

ent

réalisés aussi rapidement que possible afin dexéduire le plus possible les variationg de

NOTE 1 A titre indicatif, la charge appliquée peut varier de 5 % par rapport aux valeurs données ci-degsus.

L'im

La

act sur I'évaluation ultérieure des pertes résiduglles est limité.

Megurer R avant la valeur de charge lue la plus élevée et aprés la valeur de charge lue la

faib

déte

infé

rieures a 100 % doit alors étre déterminée comme variant de fagon linéaire avec la cha

en (tilisant la valeur lug\avant I'essai pour la charge la plus élevée et aprés la valeur lue la

faib

e pour une chargeyde 25 %.

ariation de la fréquence d'alimentation entre tous les points doit étre inférieure a 0,1 %.

blus

e. La résistance pour une charge de 100 % et des charges supérieures doit étre la vajeur
rminée avant la valeur de.charge lue la plus élevée. La résistance utilisée pour les chalges

rge,
blus

NOTE 2 Les résistances peuvent également étre déterminées en mesurant la température de I'enroulement du
statdr a I'aide d'dn-dispositif sensible a la température installé sur I'enroulement. Les résistances pour chaque

de ¢
mult
mes

Enr

pliée parle rapport de la température de I'enroulement a ce point de charge a la température de I'enroule
rée avant le début de I'essai.

boint

harge peuvent alors étre déterminées a partir de la résistance mesurée avant I'essai de la courbe de charge

ment

Les

aistrer nourchaacug noint de charae- I [ D w £ T
greH-e—potH—cRagUHe—poHi—& Ra-ge- — + -+

pertes dans I'enroulement du stator a chacun des points de charge sont:

P, =15xI*xR (13)

ou 7 et R sont déterminés conformément au 6.1.3.2.2 pour chaque point de charge.

Pour les pertes dans I'enroulement du rotor, pour chacun des points de charge, utiliser la
formule:
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024

B =(P-F—he )xs (14)
ou
pxXn
s=1- 15
7 (15)
Py petf sont conformes a I'essai de la courbe en charge;
Py est conforme a I'essai de la courbe de charge décrit ci-dessus;
Pse est conforme au 6.1.3.2.5.
6.1.3.2.4 Essai a vide
L'egsai a vide doit étre effectué sur une machine chaude immédiatement aprés l'essai dg la
coufbe de charge.
En variante, I'essai peut également étre réalisé avec des pertes a vide stabilisées. Les peftes
a vide sont considérées comme stabilisées lorsque la pujssance d'entrée a vide varie de B %
ou 1noins, lorsqu'elle est mesurée a deux intervalles de’,30"min successifs.
Rédliser I'essai aux huit valeurs de tension suivantes, y compris a la tension assignée, de {elle
sorte que:
— |es valeurs d'environ 110 %, 100 %, 95 %€t 90 % de la tension assignée sont utilisées pour
a détermination des pertes dans le fer;
— |es valeurs d'environ 60 %, 50 %,:40 % et 30 % de la tension assignée sont utilisées pour
a détermination des pertes par.ventilation et par frottement.
L'egsai doit étre effectué aussitapidement que possible avec les lectures prises dans I'ofdre
décfoissant de tension.
Enregistrer a chacunesdes valeurs de tension: Ug, Iy, Pyg.
Déterminer la résistance R, immeédiatement avant et aprées I'essai a vide.
La fésistance d'enroulement interpolée de chaque point de tension doit étre calculég en
intefpolant'les résistances avant et aprés I'essai, de fagon linéaire avec la puissance électrique
Py.

Pour les machines a induction, R, est R 3. Lorsque le mesurage des résistances n'est pas

réal

isable en raison de résistances trés faibles, les valeurs calculées sont admissibles.

NOTE Les résistances peuvent également étre déterminées en mesurant la température de I'enroulement du stator
a l'aide d'un dispositif sensible a la température installé sur I'enroulement. Les résistances pour chaque point de
tension peuvent alors étre déterminées a partir de la résistance mesurée avant I'essai a vide multipliée par le rapport
de la température de I'enroulement au point de charge concerné a la température de I'enroulement mesurée avant
le début de I'essai.

Pou

r une machine couplée, Py est déterminée a partir de T et n.
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6.1.3.2.5 Pertes constantes

6.1.3.2.5.1 Généralités

La soustraction des pertes dans I'enroulement a vide de la puissance d'entrée a vide donne les
pertes constantes qui sont la somme des pertes par frottement, des pertes par ventilation et
des pertes dans le fer. Pour chaque valeur de tension enregistrée, déterminer les pertes

constantes.

B =R —Fs=Fy+hFe (16)
ou

P, =15x 1§ xRy 17)

avef R; o comme résistance d'enroulement interpolée a chaque point-de tension.
6.1.3.2.5.2 Pertes par frottement et par ventilation
A partir des quatre points ou plus de pertes a vide conséCutifs compris entre environ 60 % de
la tgnsion et 30 % de la tension, tracer une courbe des pertes constantes (P_) en fonction de la
tengion au carré (Uy2).
Extfapoler une ligne droite jusqu'a la tension;zéro. Déterminer l'intersection a la tension zgro,
qui pst considérée comme correspondant atix'pertes par frottement et par ventilation Py,,q afune
vitepse approximativement synchrone.

6.1.

3.2.5.3 Pertes dans le fer

A partir des valeurs de tension_comprises entre environ 90 % et 110 % de la tension assignée,

trac

er une courbe de B, =F. )~ B, en fonction de la tension Uj.

Pour déterminer les pertes dans le fer a pleine charge, la tension interne U; qui prend en conipte

lac

hute de tension.résistive dans I'enroulement primaire doit étre calculée:

2 2
U, :\/[U—§~I~R~COS¢J +(§-I~R-sin¢} pour un moteur

18)

ou

2 2
Ui :\/(U+§~I~R-c03¢] +[§-I-R-sin¢] pour une génératrice

P .
Cosp=—1——; sing=+1-cos?p

\/§><U><I

(19)

(20)
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U, Py, 1 et R proviennent de I'essai en charge selon 6.1.3.2.1.

Les pertes dans le fer a pleine charge doivent étre interpolées a partir des pertes dans le fer
sur la courbe de tension Uy a la tension U;,.

NOTE Les pertes dans le fer a pleine charge peuvent étre calculées a I'aide du rapport (Ui/UN)2 appliqué aux pertes
dans le fer a vide.

En raison de la méconnaissance de l'inductance de fuite du stator, la tension ne prend en
compte que la chute de tension résistive. Du fait du faible facteur de puissance a vide, la chute
de fension resisiive est negligeable pendant le mesurage proprement dit et ne doit etre, prise
en gonsidération que pour les valeurs de la charge.

6.1.3.2.6 Pertes supplémentaires en charge P,
6.1.3.2.6.1 Pertes résiduelles P, ,

Les|pertes résiduelles doivent étre déterminées pour chaque point de _charge en soustrayant
de |a puissance d'entrée: la puissance de sortie mécanique, les pertesidans I'enroulement du
statpr non corrigées a la résistance de l'essai, les pertes dans le fenajustées, les pertes|par
ventilation et par frottement corrigées, et les pertes dans I'enroulement du rotor non corrigées
qui porrespondent a la valeur déterminée du glissement.

Les|pertes dans le fer a chaque point de charge doivent-étre interpolées a partir des pertes
danp le fer sur la courbe de tension U, a la tension U, pour le point de charge respectif.

Ry =R —-Py~R5H—Ro—Ry; 21)

P, =2x-T-n pour un moeteur et P =2z-T-n pour une génératrice 22)

ou

By, =wao-(1—s)2’5 avec s=1-22" 23)

sonf lesspertes par frottement et par ventilation corrigées.

6.1.3-2-:6-2—tLissagedesvaleturs—despertesrésidueHes

Les valeurs des pertes résiduelles doivent étre lissées en utilisant une analyse de régression
linéaire (voir Figure 5) fondée sur I'expression des pertes en fonction du carré du couple en
charge conformément a la relation:

R, =AxT?+B (24)
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A et B sont des constantes déterminées a partir des six points de charge a l'aide des formules
suivantes:

N i-Z(PL, )= Y B, 2T
DINE]

A est la pente selon (25)

2
B esst l'intersection selon B= Z?Lr _4. ZT 26)
1 1
i pstle nombre de points de charge additionnés.

Il cpnvient que l'intersection B soit considérablement plus faible (<\50 %) que les peftes
supplémentaires en charge P | au couple assigné. Sinon, la mesure)peut étre erronée gt il

conyient de la vérifier.
NOTE L'intersection B peut étre positive ou négative. La Figure 5 donne‘ufvexemple d'intersection B positive

Prrk @ a partir des/mesures
P

P =AT2 + B

ﬁ P = AT?

Y (pente = 4)
72
IEC

Figure 5 — Lissage des valeurs des pertes résiduelles

Le goefficient de corrélation est calculé par la formule

i-X(p, - 17)-(2R,)(27°)
-
\/(i-Z(Tz)z —(ZTZ)Z)(%ZP& —(ZPLV)Z)

(27)

Si le coefficient de corrélation y est inférieur a 0,95, supprimer le point le plus défavorable et
répéter la régression. Si y augmente jusqu'a = 0,95, utiliser la deuxiéme régression; si y reste
inférieur a 0,95, I'essai n'est pas satisfaisant, et les erreurs d'instrumentation ou de lectures
d'essai, ou les deux, sont indiquées. Il convient d'analyser et de corriger la source de l'erreur,
et il convient de répéter I'essai. Lorsque les valeurs d'essai sont suffisantes, il est possible
d'avoir un coefficient de corrélation de 0,98 ou plus.
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Si la constante de pente 4 est établie, une valeur des pertes supplémentaires en charge pour
chaque point de charge doit étre déterminée a I'aide de la formule:

R =AxT? (28)

6.1.3.3 Détermination du rendement

6.1.3.31 Pertes totales

Les|pertes totales doivent étre considérées comme la somme des pertes dans le fer ajust%es,
des| pertes par frottement et par ventilation corrigées, des pertes en charge et d€s pertes
supplémentaires en charge:

Pr=Re+hy+lso+hg+thL, 29)

ou

By = P -(1=59)%° 30)

sonf les pertes par frottement et par ventilation corrigées.

6.1.3.3.2 Rendement

Le nrendement est déterminé a partir de

_Be-Pr_ B
P Py + Py

31)

NOTE Généralement, la premiére expression est davantage utilisée pour un moteur, la deuxiéme pour|une
géndratrice.

ou

Py estlapuissance d'entrée de température corrigée a partir de I'essai a la charge assignée;
P, . I . : t otaol oRée |

6.1.4 Méthode 2-1-1C — Sommation des pertes, avec détermination des pertes
supplémentaires en charge a partir d'une tolérance assignée

6.1.4.1 Généralités

A linstar de la méthode 2-1-1B, cette méthode d'essai détermine le rendement par la
sommation des pertes séparées. Comme les essais a pleine charge exigés par la
meéethode 2-1-1B ne sont en général pas réalisables pour les caractéristiques assignées
supérieures a 2 MW, cette méthode est fondée sur un essai en charge a tension réduite et a
une valeur assignée pour les pertes supplémentaires en charge. Par conséquent, I'essai a
pleine charge et I'essai de courbe de charge ne sont pas exigés pour la méthode 2-1-1C.

En dehors de cela, la méthode 2-1-1C est semblable a la méthode 2-1-1B.
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Comme vue d'ensemble, la Figure 6 représente un organigramme pour la détermination du
rendement par cette méthode d'essai.

| Mesure indirecte |

|

| Résistance d’enroulement a la température ambiante |

l

| 6.1.4.2.1 Essai en charge a tension réduite |

l

6.1.4.2.2 Pertes en charge
Pertes dans I'enroulement du stator
et du rotor y compris correction
de température

l

\ 6.1.4.2.3 Essai a vide‘

l

6.1.4.2.4 Pertes constantes
Pertes par frottement’et
par ventilation
Pertes dans le fer

i

6.1.4.2,5 Pertes supplémentaires
en charge
a'partir d'une valeur assignée

l

| 6.1.4.3.1 Pertes totales |

l

‘ Rendement ‘

IEC

Figure 6 — Détermination du rendement selon la méthode 2-1-1C

6.1.|4.2 Procédure d'essai

6.1.4.2.1 Essai en charge a tension réduite

L'essai en charge a tension réduite constitue une méthode appropriée pour les machines de
grande taille qui ne peuvent pas étre soumises a l'essai a pleine charge. Les essais suivants
sont exigés: un essai en charge, avec la machine fonctionnant en moteur a la tension réduite
U,eq @ la vitesse assignée, un essai a vide a la méme tension réduite U, .4, €t un essai a vide a

la tension et a la fréquence assignées.

A l'aide de cette méthode, il est admis par hypothése qu'a la tension réduite, tout en maintenant
la vitesse constante, les courants diminuent comme la tension et la puissance diminue comme
le carré de la tension.
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Faire fonctionner la machine en utilisant la charge maximale disponible avec une réduction de
la tension pour obtenir la vitesse assignée. La faire fonctionner pour atteindre I'équilibre
thermique.

Enregistrer a la tension réduite: U,oq, fraqs P1red> Lored> €0S(®ored)-

Enregistrer a la tension assignée et a vide: Uy, /,, cos(gg).

A partir du résultat d'un tel essai, calculer le courant en charge et la puissance absorbée a la
tension aeeignén'

ou

NOT]

Al'd
il es
ala

U,
N_ 441,
red

I~
Il
~

Zred

ALy == j(|Io| sin gy - |£0,red|UU—Nd SiN g red)
re

2
U
g =Hredx( J
' Ured

FE Les symboles du courant soulignés indiguent des vecteurs (voir Figure 7).

tension assignée.

Re A

I~

9]

Q
Sl
2 |z

-
I~

+] Al

IEC

Figure 7 — Schéma vectoriel pour obtenir le vecteur courant

a partir de l'essai a la tension réduite

32)

33)

34)

ide des valeurs I et P, ainsi determinées, et avec le glissement mesuré a la tension réddite,
t possible de calculer les pertes en charge, de la méme fagon que dans un essai en cha

rge
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6.1.4.2.2 Pertes en charge

La détermination des pertes en charge est similaire a celle du 6.1.3.2.2.

6.1.4.2.3 Essai a vide

L'essai a vide doit étre effectué sur une machine chaude immédiatement aprés I'essai en
charge.

L'essai a vide est similaire a celui du 6.1.3.2.4.

6.1 .|4.2.4 Pertes constantes

La ¢

étermination des pertes constantes est similaire a celle du 6.1.3.2.5.

6.1.4.2.5 Pertes supplémentaires en charge P,

La
conj

aleur des pertes supplémentaires en charge P| | a la charge assigngée doit étre détermi
me un pourcentage de la puissance d'entrée P, a 'aide de la courbe de la Figure 8.

3
Pertes
supplémentaires
en charge en %
de la puissance
d'entrée

PLL]
—| x 100
{P1 N

0,1 1 10 100 1000 10000 100 000

Puissance de sortie assignée P, (kW) Ec

Figure 8 — Tolérance assignée pour les pertes supplémentaires en charge P |

née
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valeurs de la courbe peuvent étre décrites a I'aide des formules suivantes:

rPy< 1 kW R, =P x0,025

r1kW<pr,<10000 kW R =P ><|:0,025—0,005 Iog1o[%ﬂ

DL > 10 000 kK\W D, — DI 0,005

LL

Pour des charges autres qu'assignées, il doit étre admis par hypothése que les-"peftes

sup
cou

NOT
mes

6.1.3.

6.1.

Les
en ¢

rant a vide:

2 _Ig
P (1) = P () x R
IN _ION

FE La courbe ne représente pas une moyenne, mais une enveloppe supérieure d'un grand nombre de va

6.1.|:.3 Détermination du rendement

.3.1 Pertes totales

harge et des pertes supplémentaires en charge.

PSP+ R+ R +R,

6.1.4.3.2 Rendement

Le 1

NOT]

endement est détermine a partir de

A-F _ B
B P+P

F.\Généralement, la premiére expression est davantage utilisée pour un moteur, la deuxieme pour

gén

ratrica

blémentaires en charge varient comme le carré du courant primaire moing \le carr§ du

eurs

rées, et elle peut, dans la plupart des cas, produire des pertes supplémentaires en charge plus élevées que

pertes totales doivent étre considérées comme.la somme des pertes constantes, des pertes

35)

36)

une

6.2
6.2.

Méthodes d'essai pour les essais sur le terrain ou les essais individuels de série

1 Généralités

Ces méthodes d'essai peuvent étre utilisées pour n'importe quel essai, c'est-a-dire les essais
sur le terrain, les essais d'acceptation spécifiques au client ou les essais individuels de série.

De plus, les méthodes préférentielles du Tableau 2 peuvent également étre utilisées hors de la
plage de puissances identifiée dans le Tableau 2.

Le Tableau 3 indique les méthodes définies par le présent document.
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Tableau 3 — Machines a induction: autres méthodes

Référence Méthode Description Paragraphe Dispositifs exigés
2-1-1D Opposition a double Essai en opposition a 6.2.2 Ensemble de deux
alimentation double alimentation machines identiques pour
la pleine charge
2-1-1E Opposition a simple Essai en opposition a 6.2.3 Deux machines
alimentation simple alimentation identiques (rotor bobiné)
2-1-1F Rotation inverse P, & partir de I'essai 6.2.4 Moteur auxiliaire avec
avec rotor retiré et de puissance assignee
l'essai de rotation inverse jusqu'a 5 x pertes totales
2-1H1G Eh-star P, & partir de I'essai 6.2.5 L'enroulement doit étr4g
Eh-star raccordé en copnexion| en
étoile
2-1H1H Circuit équivalent Courants, puissances et 6.2.6 Si I'équipement d'essa
glissement a partir de la pour lesyautres essais
méthode du circuit n'estpas’disponible
équivalent, P a partir (aucune possibilité
d'une valeur assignée d’appliquer une chargg
assignée, pas de
seconde machine)
6.2.2 Méthode 2-1-1D — Essai en opposition a double alimentation

6.2.2.1

Généralités

Comme vue d'ensemble, la Figure 9 représente un“organigramme pour la déterminatior] du
renglement par cette méthode d'essai.

6.2.22" _ Procédure d'essai

Figure 9 — Détermination du rendement selon la méthode 2-1-1D

Mesure directe

l

Essai en
opposition a
double
alimentation

l

’ Rendement |

IEC

Coupler mécaniquement deux machines identiques ensemble (voir Figure 10).

Les essais sont réalisés avec échange des alimentations, mais avec les appareils et les
transformateurs de mesure restant sur la méme machine.
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fréquence assignées; la deuxiéme machine doit étre alimentée avec une fréquence inférigure
a cqlle de la premiére machine pour le fonctionnement en mode génératrice ou-supérieure pour
le fonctionnement en mode moteur. La tension de la deuxiéme machine ‘doit étre gelle
nécgessaire pour que le rapport de la tension assignée sur la fréquence assignée soit correft.

Invgrser les connexions du moteur et de la génératrice et répéter I'essai.

Enregistrer pour chaque essai:

- Uwm Im» P4, fm» S Pour le moteur;
- Ugs Ig, Py, fg, Sg pour la génératrice;

- 7

c-
6.2.2.3 Détermination du rendement

Si des machines identiques sont mises, en fonctionnement dans des conditions assignées
essentiellement identiques, le rendementidoit étre calculé a partir de la moitié des pertes totales
et de la moyenne de la puissance._d‘entrée du moteur et de la puissance de sortie de la
géngratrice, comme suit:

_ Pr
=15 h 37)
2
ou
1
R = (A=) 38)

6.2.3 Méthode 2-1-1E — Essai en opposition a simple alimentation
6.2.3.1 Généralités

Comme vue d'ensemble, la Figure 11 représente un organigramme pour la détermination du
rendement par cette méthode d'essai.
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Si des machines iderntiques sont mises en fonctionnement dans des conditions essentiellement
gnées, le_rendement est calculé en attribuant la moitié des pertes totales a chajque

ass
mad

Cal

IEC
Figure 11 — Détermination du rendement selon la méthode 2-1-1E

3.2 Procédure d'essai

essai s'applique aux machines a induction a rotor bobiné. Coupler mécaniquement d

entation électrique, de fagon qu'elles fonctionnent a la vitesse~assignée et a la ten
gnée, I'une comme moteur et I'autre comme génératrice.

roulement du rotor du moteur doit étre court-circuité<et I'enroulement du rotor dg
pratrice doit étre connecté a une alimentation polyphaséeappropriée pour fournir le cou
otor assigné a la fréquence de glissement. La puissahce souhaitée du moteur est obte
églant la fréquence et le courant de I'alimentation-€lectrique a la fréquence la plus bas

pgistrer pour chaque essai:

[/, P4, 11 de 'alimentation a fréquence.industrielle;
[/, I, P, de l'alimentation & basse fréguence;

P\ absorbée aux bornes du moteur;

P fournie aux bornes de la.génératrice;

)

c-

3.3 Détermination du rendement

hine.

Culef le'rendement a partir de

eux

hines identiques ensemble, et les connecter toutes les deux électriquement a la méme

5ion

e la
rant
nue
€.

ou
Py

est la puissance absorbée aux bornes de la machine qui fonctionne en moteur;

(39)

Pt correspond aux pertes totales, définies comme la moitié du total absorbé, pour les

machines a induction a rotor bobiné, comme suit: Py :%(}71 +h).
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6.2.4 Méthode 2-1-1F — Sommation des pertes, avec détermination des pertes
supplémentaires en charge par I'essai avec rotor retiré et I'essai de rotation
inverse

6.2.4.1 Généralités

A linstar de la méthode 2-1-1B, cette méthode d'essai détermine le rendement par la
sommation des pertes séparées. Toutefois, dans ce cas, les pertes supplémentaires en charge
sont déterminées par une combinaison de deux essais individuels: I'essai avec rotor retiré et
I'essai de rotation inverse. En dehors de cela, la méthode 2-1-1F est semblable a la
méthode 2-1-1B.

Comme vue d'ensemble, la Figure 12 représente un organigramme pour la détermination du
renglement par cette méthode d'essai.

| Mesure indirecte |

l

Résistance d’enroulement a la température ambidnte

6.1.3.2.1 Essai a la charge aSsignée
Résistance d’enroulement/atessai a
la charge assignee

l

6.1.3.2.2 Rertes en charge
Pertes‘dans I'enroulement
du stator et du rotor

6.1.3.2.4 Essai a vide
Résistances d’enroulement a I'essai a vide

l

6.1.3.2.5 Pertes constantes
Pertes par frottement et
par ventilation
Pertes dans le fer

l

6.2.4.2 Pertes supplémentaires
en charge
a partir d'un essai avec rotor retiré
et d'un essai de rotation inverse

l

‘ 6.2.4.3.2 Pertes totales|

l

| 6.2.4.3.3 Rendement |

IEC

Figure 12 — Détermination du rendement selon la méthode 2-1-1F
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6.2.4.2 Procédure d'essai

En dehors de la détermination des pertes supplémentaires en charge, les mémes procédures

qu'en 6.1.3.2 doivent étre appliquées, sauf qu'il n'est pas nécessaire de mesurer le couple

Les essais dont la combinaison est exigée pour la détermination des pertes supplémentaires

en charge sont les suivants:

a) essai avec le rotor retiré (pour les pertes supplémentaires a la fréquence fondamentale);

b) essai avec la machine qui tourne a la vitesse synchrone a I'opposé du champ magnétique,

antralndao nar dac mavanc aviarnac (navir oo nartac Ay frAniiannnc nlhiitc AlavAnc)

PO oo pPo oo T oy oo CXteT oo (P ot o P oo oo T oquoTToCo pProo— oo v e ooy~

Au ¢ours des deux essais, le stator doit étre alimenté par un courant polyphasé symétrique de

fréquence assignée pour quatre courants entre 25 % et 100 % du courant assigné. et deux
coufants au-dessus qui ne représentent pas plus de 150 % du courant assigné)‘Calculdr le
coufant de charge (du rotor) / :

I =A1?-18 40)

I |estlavaleur du courant du stator pendant I'essai qui denne un courant de charge souhaité;

Iy |est le courant a vide a la tension assignee.

NOTE En raison de I'absence de refroidissement, le courantest généralement limité & 125 % ou 115 % pou
machines a deux poéles afin de réduire le risque de surchauffe:

6.2Jd.2.1 Essai avec le rotor retiré

Pour cet essai, toutes les parties dans lesgquelles des courants de Foucault peuvent étre ind
par lexemple les flasques et les parties‘des paliers, doivent étre en place. Appliquer le cou
de ¢harge.

Enregistrer pour chaque courant de charge (symboles avec l'indice "rm"): Pirms Il rmo
6

w,rm. -

6.2.4.2.2 Essai-de’'rotation inverse

r les

hits,
rant

rme

Pour cet essai,‘cqupler la machine complétement assemblée a un moteur d'entrainement gont

la chpacité de{sortie est au moins égale aux pertes totales assignées et inférieure a cinq
les pertes assignées de la machine a soumettre a I'essai. Pour les machines a rotor bobiné
bormes du,rotor doivent étre court-circuitées.

fois
les

lorsqu'elle est alimentée en séquence de phase normale:

a) sans tension appliquée au stator jusqu'a stabilisation des pertes par frottement. Enregistrer:

Py r fournie par la machine d'entrainement a / = 0;

b)

avec tension appliquée au stator pour obtenir les valeurs du courant du stator égales a
celles pour l'essai avec rotor retiré. Enregistrer pour tous les courants d'essai (symboles
avec l'indice "rr"): I ., Ry, P46y Pour le moteur en essai; Pp, du moteur

d'entrainement.

Le facteur de puissance faible des essais peut nécessiter une correction d'erreur de phase pour
toutes les valeurs lues du wattmeétre.
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6.2.4.3 Détermination du rendement

6.2.4.3.1 Pertes supplémentaires en charge

Lisser les valeurs d'essai des puissances du stator A ., and P, et de la puissance sur 'arbre

(PDH—POH) en appliquant une analyse de régression au logarithme des puissances et des

courants, ce qui donne les relations ci-dessous:

N1 . N2 . N3
P ym=Am <17 + By P = A X177 + B p; (PD,rr _PO,rr) =Ap o x 17" + Bp (41)

Les|puissances lissées sont alors les suivantes:
N1. N2. N3
P1,rm:ArmX1 , Bl,rr:Aer[ ) (PD,rr_PO,rr):AD,er[ 42)

Si lgs données sont exactes, chaque courbe présente une relation‘proche de la loi en puissance
carrée entre la puissance et le courant.
Les| pertes supplémentaires en charge sont. R, =R, %, +R_, OU, pour chaque coufant
d'edsai:

Rim=Pm —(3><12 XRs,rm) correspond aux pertes a la fréquence fondamentale [43)
ou
Ry f, estlarésistance de phase du stator rapportée a la moyenne des températures 6y,
R =(PD,rr —P()’rr)—(}>1,rr —B\ rm —(3><12 XRs,rr) ) correspond aux pertes aux fréquences plus
éleyées
ou
Rg y estla résistance de phase du stator rapportée a la moyenne des températures 6y |-
Les| pertes=supplémentaires en charge a un point de fonctionnement spécifié peuvent gtre

détTrminées par les étapes suivantes.

a) Calculer une valeur approximative pour e courant de charge assigné I, qui correspond a

la valeur assignée du courant de ligne du stator:

2 2
Ine =VIN— {0

ou
Iy est la valeur assignée du courant de ligne du stator;

Iy estla valeur du courant a vide du stator.

(44)
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