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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizationncomp
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
-operation on all questions concerning standardization in the electrical and electronic fieldsy To this en
addition to other activities, IEC publishes International Standards, Technical Specifications| Technical Re
Lblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC! Publication(s)").

eparation is entrusted to technical committees; any IEC National Committee interested\in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizatidg
andardization (ISO) in accordance with conditions determined by agreementcbetween the two organizatig

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical ,comimittee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for internatipnal use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made t0 ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible for\the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
bnsparently to the maximum extent possible in their national and regional publications. Any divergence bet
hy IEC Publication and the corresponding national pr,regional publication shall be clearly indicated in the |

C itself does not provide any attestation of cenformity. Independent certification bodies provide confg
Esessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have thelatest edition of this publication.

p liability shall attach to IEC or its directors, employees, servants or agents including individual expert
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
penses arising out of the'\publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the\Normative references cited in this publication. Use of the referenced publicatig
dispensable for the-correct application of this publication.

C draws attentien to the possibility that the implementation of this document may involve the use
htent(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent rig
spect thereof, As of the date of publication of this document, IEC had not received notice of (a) patent(s),
ay be required to implement this document. However, implementers are cautioned that this may not repr
e latestinformation, which may be obtained from the patent database available at https://patents.iec.ch|
allnet/be held responsible for identifying any or all such patent rights.
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made to the previous edition IEC 60034-12:2016. 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 60034-12 has been prepared by IEC technical committee 2: Rotating machinery. It is an
International Standard.

This fourth edition cancels and replaces the third edition published in 2016. This edition
constitutes a technical revision.

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

edition:
Clause or Change

Tabje 6 Aligned with the requirements for explosion protected motors from TC31 WG27

12 New clause on methods for measuring locked-rotor current and torque

Annex A New informative annex on the general current and torque characteristicstwith locked

rotor

Annex B New informative annex on correction of voltage and frequency

The|text of this International Standard is based on the following documents:
Draft Report on ¥oting
2/2132/CDV 2/2150A/RVC

Full

the above table.

The

This
accq
at w
desq

information on the voting for its approval can b@& found in the report on voting indicatg

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

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope

ww.iec.ch/members_experts/réfdocs. The main document types developed by IEC
ribed in greater detail at www.iec.ch/publications.

din

din

rdance with ISO/IEC Directives, RPart 1 and ISO/IEC Directives, IEC Supplement, available

are

A list of all parts of the IEC 60034 series, published under the general title Rotating electrical

mac

The
stab

hines, can be found.on the IEC website.

committee has'decided that the contents of this document will remain unchanged unti
lity date indicated on the IEC website under webstore.iec.ch in the data related tg
ific docunjent. At this date, the document will be

econfirmed,

vithdrawn, or

speq
o
o
e 1

evised.

the
the

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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ROTATING ELECTRICAL MACHINES -

Part 12: Starting performance of single-speed
three-phase cage induction motors

Scope

This| part of IEC 60034 specifies the parameters for eight designs of starting performange of

sing

IEC

— are intended for direct-on-line or star-delta starting;

— are rated on the basis of duty type S1;

have a rated voltage up to 1 000 V;

e-speed three-phase 50 Hz or 60 Hz cage induction motors in accordance
60034-1 that:

with

— are constructed to any degree of protection as defined in IE€60034-5 and explosion

protection.

This| document also applies to dual voltage motors provided.that the flux saturation level ig the

sam

The
(tha

NOT

specific design in accordance with this document will(be’a matter of agreement between the manufacturer an
purchaser.

NOTE

NOTE

acco

NOTE

curre :
to tranS|ent asymmetrlcal currents in the whole supply o) caIIed |nrush currents the peak-eurrent value of

may

funct
opergtion. A more detaited description is provided in Annex A.

The
mot

2

e for both voltages.

is, minimum or maximum without tolerance),

F 1 It is not expected that all manufacturers will produce machines for all eight designs. The selection g

2 Designs other than the eight specified“may can be necessary for particular applications.

3 H-—shouldbe noted—that-Values—given in manufacturers' catalogues—may can include toleranc
dance with IEC 60034-1.

4 The values tabled for Iocked rotor apparent power are based on RMS symmetrlcal steady state locked
: m h-on W A The start of the motor

Can range from 1,8 02,8 times the steady state locked rotor value. The current peak and decay time
on of the motor design’ and switching angle. Similar effects can occur during the switchover from star to

applicatidn of the test methods described in Clause 12 can be applied to cage indug

values of torque, apparent power and current diven in this document are limiting values

f any
d the

s in

rotor
eads
vhich
Bre a
delta

tion

rs outside the scope of this document. However, special care shall be taken in such cases
to pjevent overheating of the stator or the rotor winding depending on the concrete method
pargméeterfs chosen.

and

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.

For

undated references, the latest edition of the referenced document (including

amendments) applies.

IEC

60034-1:2022, Rotating electrical machines — Part 1: Rating and performance

any

IEC 60034-5:2020, Rotating electrical machines — Part 5: Degrees of protection provided by the
integral design of rotating electrical machines (IP code) — Classification
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IEC 60034-30-1:2014, Rotating electrical machines — Part 30-1: Efficiency classes of line-
operated AC motors (IE-code)

IEC 60079-7:2015, Explosive atmospheres — Part 7. Equipment protection by increased

safe
IEC

ISO

3 T | definiti

For

ISO
addr

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

ty "e"
60079-7:2015/AMD1:2017

80000-4:2019, Quantities and units — Part 4: Mechanics

he purposes of this document, the following terms and definitions apply.

and IEC maintain terminology databases for use in standardization at\ the follo
esses:

SO Online browsing platform: available at https://www.iso.org/olyp

wing

3.1

rated torque

Ty

torque the motor develops at its shaft end at rated output ‘@nd speed

[SOURCE: IEC 60050-411:1996, 411-48-05]

3.2

locKed-rotor torque

T,

smalLIest measured torque the motor develops at its shaft end with the rotor locked, over dll its
angular positions, at rated voltage and frequency

[SOURCE: IEC 60050-411:1996;°411-48-06]

3.3

pulltup torque

Tu

smallest steady:state asynchronous torque which the motor develops between zero speed|and
the speed whiCh-corresponds to the breakdown torque, when the motor is supplied at the rpated
voltage and(frequency

[SOURECE: IEC 60050-411:1996, 411-48-42, modified — The notes 1 and 2 to entry have heen
modiied-]

Note 1 to entry: This definition does not apply to those motors whose torque continually decreases with increase in
speed.

Note 2 to entry: In addition to the steady-state asynchronous torques, harmonic synchronous torques, which are a

function of rotor load angle, will be present at specific speeds. At such speeds, the accelerating torque-may can be
negative for some rotor load angles. Experience and calculation show this to be an unstable operating condition and
therefore harmonic synchronous torques do not prevent motor acceleration and are excluded from this definition.
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breakdown torque

Ty

maximum steady-state asynchronous torque which the motor develops without an abrupt drop
in speed, when the motor is supplied at the rated voltage and frequency

[SOURCE: IEC 60050-411:1996, 411-48-43, modified — The notes 1 and 2 to entry have been

mod

ified.]

Note 1 to entry: This definition does not apply to those motors whose torque continually decreases with increase in

spee

3.5
rate
Py
valu

Note
411:1

3.6
rate
Un
valu

Note
411:1

3.7
locK
S

d output
e of the output power included in the rating

1to entry: The terms rated value and rating are defined in IEC 60034-1:2022, 3.1 and 3.2 (see also IEC 6
996, 411-51-23 and 411-51-24).

d voltage
e of the voltage included in the rating

1to entry: The terms rated value and rating are defined in IE6,9€0034-1:2022, 3.1 and 3.2 (see also IEC 6
996, 411-51-23 and 411-51-24).

ed rotor apparent power

apparent power input with the motor heldsat rest at rated voltage and frequency after the in

curr

[SO
to a

3.8
locK
I,

bnts have decayed to a symmetrical’system of current

symmetrical system of cutfent" has been added.]

ed rotor current

steagdy-state-current with the motor held at rest at rated voltage and frequency after the in

curr

bnts haveddetayed to a symmetrical system of current

Symbols

050-

050-

rush

JRCE: IEC 60050-411:1996,411-48-49, modified — "after the inrush currents have decayed

rush

Locked rotor current

External moment of inertia

Moment of inertia of motor under test

Rotational speed
Number of pole pairs
Power at the motor terminals during test method c) in 12.3.4

Power at the generator terminals during test method a) in 12.3.2
Motor iron losses during test method c¢) in 12.3.4

Motor I2R losses during test method c) in 12.3.4
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5.1

Total losses of the generator during test method a) in 12.3.2
Rated output

Locked rotor apparent power

Rated torque

Locked rotor torque

Pull-up torque

Breakdown torque

Motor friction and windage torque during test method c¢) in 12.3.4

Rated voltage

Designation

General

Motors designed according to this document are classified according-to 5.2 to 5.7. The le
used to specify the different designs stand for:

N:
H:
Y:
E

5.2

normal starting torque.

high starting torque.

star-delta starting.

motors utilizing extended / higher locked-rotor apparent power and current to ach
a-higher-efficiency classes of IE3 or higher according to IEC 60034-30-1.

Design N

Normal starting torque three-phase cage-induction motors, intended for direct-on-line star|
haviphg 2, 4, 6 or 8 poles, rated from 0312 kW to 1 600 kW.

5.3

Design NE

Normal starting torque three-phase cage induction motors having higher locked rotor appa
powgr than design N, intended for direct-on-line starting, having 2, 4, 6 or 8 poles, rated
0,12 kW to 1 600 kW

5.4

Mot
mot

NE

5.5

Designs NY-and NEY

rs ip-star-connection, minimum values for 7, and T, are 25 % of the values of design

xrs similar'to designs N or NE, respectively, but intended for star-delta starting. For these

ters

ieve

ting,

rent
rom

N or

respectively, see Table 1.

Design H

High starting torque three-phase cage induction motors with 4, 6 or 8 poles, intended for direct-
online starting, rated from 0,12 kW to 160 kW at a frequency of 60 Hz.

5.6

Design HE

High starting torque three-phase cage induction motors having higher locked rotor apparent
power than design H, with 4, 6 or 8 poles, intended for direct-online starting, rated from 0,12 kW
to 160 kW at a frequency of 60 Hz.
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5.7 Designs HY and HEY

Motors similar to designs H or HE, respectively, but intended for star-delta starting. For these
motors in star-connection, minimum values for T, and T, are 25 % of the values of design H or

HE, respectively, see Table 5.

6 Design N requirements

6.1 Torque characteristics

The[starting tforque is represented by three characteristic features. These features shall Be in
accqrdance with the appropriate values given in Table 1 or Table 6. The values in Takle~1|and
Table 6 are minimum values at rated voltage. Higher values are allowed.

The|motor torque at any speed between zero and that at which breakdown torque”occurs ghall
be not less than 1,3 times the torque obtained from a curve varying as the squafe of the speed
and|being equal to rated torque at rated speed. However, for 2-pole motors with type of
protection 'Ex eb — increased safety' having a rated output greater thanh 100 kW, the mnotor
torque at any speed between zero and that at which breakdown torque occurs shall not be|less
than| 1,3 times the torque obtained from a curve varying as the square of the speed and bging
equal to 70 % rated torque at rated speed. For motors with type-of-protection 'Ex eb', the three
characteristic torques shall be in accordance with the appropriate values given in Table 6.

NOTE The factor 1,3 has been chosen with regard to an undervoltage'of 10 % in relation to the rated voltage at the
motof terminals during the acceleration period.

6.2 | Locked rotor current and apparent power

The|locked rotor apparent power shall be not-greater than the appropriate value given in
TabF 2. The values given in Table 2 are independent of the number of poles and are maxiqnum

valuges at rated voltage. For motors with type“of protection 'e’, locked rotor apparent power ghall
be ip accordance with the appropriate values specified in IEC 60079-7.

Thellocked rotor current is calculated from the locked rotor apparent power according to:

S . R

[ =—x———
"R \BUy

NoTE—The advantage of specifying /Py instead of |/l is that the locked rotor current cap be
calculated<from rated power and rated voltage only, not requiring to know the rated cufrent
whigh depénds on quantities such as power factor and efficiency that are usually not known in
early 'stages of a project.

6.3 Starting requirements

Motors shall be capable of withstanding two starts in succession (coasting to rest between
starts) from cold conditions and one start from hot after running at rated conditions. The
retarding torque due to the driven load will be in each case proportional to the square of the
speed and equal to the rated torque at rated speed with the external moment of inertia given in
Table 4 or Table 7.


https://iecnorm.com/api/?name=05f0c142583d29ae71a8401258b0ee2c

IEC 60034-12:2024 RLV © IEC 2024 -1 -

In each case, a further start is permissible only if the motor temperature before starting does
not exceed the steady temperature at rated load. However, for 2-pole motors with type of
protection 'Ex eb — increased safety' having a rated output greater than 100 kW, the retarding
torque due to the driven load is proportional to the square of the speed and equal to 70 % rated
torque at rated speed, with the external moment of inertia given in Table 7. After this starting,
load with rated torque is possible.

NOTE It should be recognized that the number of starts should be minimized since these affect
the life of the motor.

7 esign NE starting requirements

The|starting requirements are as for design N, except that the limits for locked rotorappdrent
powgr in Table 3 apply, as increasing efficiency values require physically increasing valueg for
lockged rotor apparent power.

8 Pesigns NY and NEY starting requirements

The|starting requirements are as for designs N or NE, respectively. In addition, howevgr, a
redyced retarding torque is necessary as the starting torque  in 'star connection' may be
insufficient to accelerate some loads to an acceptable speeds

NOTE It should be recognized that the number of starts/should be minimized since these affect
the life of the motor.

9 Pesign H requirements

9.1 | Starting torque

The|starting torque is represented by\three characteristic features. These features shall e in
accqrdance with the appropriate values given in Table 5. These values are minimum valugs at
ratedl voltage. Higher values arejallowed.

9.2 | Locked rotor current-and apparent power

The|locked rotor apparent power shall be not greater than the appropriate value givgln in
Table 2. The valuesiin-Table 2 are independent of the number of poles and are maximum vallues
at rgted voltage,

The|locked\xotor current is calculated from the locked rotor apparent power according tq the
formula given in 6.2.

9.3 —Startingrequirements

Motors shall be capable of withstanding two starts in succession (coasting to rest between
starts) from cold conditions, and one start from hot after running at rated conditions. The
retarding torque due to the driven load is assumed to be constant and equal to rated torque,
independent of speed, with an external moment of inertia of 50 % of the values given in Table 4.

In each case, a further start is permissible only if the motor temperature before starting does
not exceed the steady temperature at rated load.

NoTFE—It should be recognized that the number of starts should be minimized since these affect
the life of the motor.
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10 Design HE starting requirements

The starting requirements are as for design H, except that the limits for locked rotor apparent
power in Table 3 apply, as increasing efficiency values require physically increasing values for
locked rotor apparent power.

11 Designs HY and HEY starting requirements

The starting requirements are as for design H or HE, respectively. In addition, however, a
reduced rnfnrding tarque is necessary as the e’rarfing tarque in _'star connection' may be

insufficient to accelerate some loads to an acceptable speed.

NOTE It should be recognized that the number of starts should be minimized sinceithese affect
the life of the motor.

12 Petermination of current and torque from measurement

12.1 Locked-rotor current and locked-rotor torque

Whgn possible, the locked-rotor current shall be measured at fated voltage and frequencly as
the ¢urrent is not directly proportional to the voltage becaus&¢f changes in reactance caysed
by spturation of the leakage paths. In case this isn't possible,'see 12.4.

The|locked-rotor torque may be measured with, e.g,.ascale or force transducer with a brake or
beam, or it may be measured directly using an in-linedtorque transducer, or it may be determjned
from the electrical input power using Formula (5)>'Depending on the chosen number of fotor
slotg, the locked-rotor torque of cage inductiop,motors is subject to variations depending on the
anguilar position of the rotor with respect to tliestator. In case a preferable number of rotor §lots
is chosen according to the manufacturer's\experience, it is usual practice to lock the rotor|of a
cage induction motor in any convenientposition or to measure current and torque values [with
the fotor being stalled at very low speed, i.e. with a speed below 2 % of the rated speed.

12.2] Breakdown torque

The|breakdown torque can“e measured by loading the motor, starting at no-load condition,
with|an increasing load terque. The load torque that is reached when the motor starts qujckly
loosjng speed, is the(bseakdown torque.

Altefnatively, the-values of pull-up and breakdown torque can be measured during accelergtion
from reverse-sp€ed to no-load speed (see method c) below), provided the load machine ingrtia
or lgad targue is sufficiently large. Sufficiently large means in case of power ratings up to
100 kKW (hat the change of rotational speed during test satisfies, depending on the motor's
monllent of inertia Jy, and the motor's locked-rotor torque 7), the relation

dn _ 0,05
dr  2mJy,

I (2)

Otherwise, the breakdown torque will be underestimated. For power ratings above 100 kW,
different relations of the moment of inertia and the locked-rotor torque may be suitable
according to the experience to the manufacturer.

In case the complete torque-speed curve is measured using one of the methods below, no
separate measurement of the breakdown torque is required.
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12.3 Torque-speed curve and current-speed curve
12.3.1 General

Any one of the methods listed below may be used to obtain data for a speed-torque curve. The
selection of the method will depend upon the size and the speed-torque characteristics of the
machine and the testing facilities. In all three methods, sufficient test points should be recorded
to ensure that reliable curves, including irregularities, can be drawn in the regions of interest
from the test data. It is important that the frequency of the power supply be maintained constant
throughout the test.

be ysed in regions where the torque of the machine increases with speed more rapij than
that|of the loading device. From the results of the following tests, adjusted to the rat@- olfage
and [frequency, curves of torque and current should be plotted vs. speed. (_1?‘

O
It isjunderstood that the temperature of the stator and the rotor windin v(\-/]rh influence| the
meajsured torque-speed and current-speed curves (see Annex A). N
/

Metiiod a) requires the mainienance of constant speed for each reading. ereiore, | ;annot

~

g
12.3.2 Torque-speed and current-speed curves from direct m&@r’c?rement (method 3

In this method, a calibrated generator with known losses versus’ speed or a transducgr or

mechanical brake is coupled to the motor being tested. The or is supplied preferably |with
ratefl frequency and rated voltage. The speed of the motoK?b each test point is controlled by
varyling the load on the generator or the brake. Q o)

In this test, readings of voltage, current, and speede he motor as well as readings of
N

— gither the torque directly measured by, e‘.@.)a torque transducer, a dynamometer pr a

mechanical brake,

N
— ¢r the power at the generator are@t}ken at speeds between approximately 30 % of
gynchronous speed and the maxim@ peed obtainable. The total power output of the notor
5 the sum of the power at the genérator terminals Pyg and the total losses of the genefator

'T.g" The torque T at each spé@n is calculated from
Q)
N
@, C) T =(Pg+Prg)l(2n) (3)
O
O

NOTHE For deter ?@g”osses and loss portions by measurement, see |[EC 60034-2-1.

. —

The|speed uld be constant or sufficiently low satisfying Formula (2) when the readingq are
taken, s at acceleration or deceleration power does not affect the results. Care shoulfl be
tak?f\ o overheat the motor. The accuracy of speed measurement is particularly impoftant
at lomslip

In case the voltage and/or the frequency differ from the rated values, the values of torque and
current are corrected as described in 12.4.

12.3.3 Torque-speed and current-speed curves from acceleration (method b)

In this method, the motor is started with no load, and the values of voltage, current, and speed
are recorded versus time. The torque is determined from the acceleration of the inertia J of the
rotating parts. An accurate measurement of speed versus time is an essential requirement of
this method. In addition, the accelerating time should be long enough so that electrical transient
effects do not distort the readings of voltage, current, and speed. In order to achieve this, the
accelerating time may be increased by using a lower applied voltage or by coupling a suitable
inertia to the motor shaft. In case the accelerating time is too short, the measured torque will
underestimate the motor's steady state torque-speed curve.



https://iecnorm.com/api/?name=05f0c142583d29ae71a8401258b0ee2c

- 14 - IEC 60034-12:2024 RLV © IEC 2024

If the motor's starting friction is high, or if more accurate data in the zero speed range are
desired, the motor can be started rotating in the reverse direction prior to application of power
for the acceleration.

The torque T at each speed is calculated from the time-derivative of speed according to

dn
T=2wJ— 4
ar (4)

This|requires a sufficiently exact knowledge of the moment of inertia. In case the volt rid/or
the frequency differ from the rated values, the values of torque and current are %ﬁ d as
desgribed in 12.4.

12.3.4 Torque-speed and current-speed curves from measured inpu't\(q’;ker (methof c)

In tHis method, the torque is determined by subtracting the iron losse 'e and the IR logses

of the stator winding P in the machine from the motor's termin wer P4. The differ¢nce
dividjed by the synchronous angular velocity 2mf/p of the mot6b|s the sum of friction|and
windage torque Ty, and motor torque, leading to <</
;\\
& O
p
T=-"—(P—Rg - T;
21'rf( 1~ Ite QQ fw ()
N\
s\\)

NOTE For determining losses and loss port|onsb§ asurement see |[EC 60034-2-1.

The|motor does not have to be unloa he values of voltage, current, power, and speeq are

recorded versus time.
\.

In cqse the voltage and/or the}) quency differ from the rated values, the values of torque|and
currgnt are corrected as de@ edin 12.4.

12.4 Correction of@ for tests performed at reduced voltage and/or other than rated
frequency C)

In case tests otor with a rated frequency of 60 Hz are done at a 50 Hz supply, the voltage
shal| be red to 50/60 times (i.e. 83,3 %) of the rated voltage in order to maintain the rated
flux.|If thisé one, no further correction of the measured current and torque values is requfred.

In cqnéﬂg(ests of a motor with a rated frequency of 50 Hz are done at a 60 Hz supply, the supply
voltage shall not be increased as this would exceed the rated voltage. Instead, this shall be
considered as an (additional) reduction of the test voltage in the ratio of 50 Hz/60 Hz.

In addition, the change of frequency will lead to a different current displacement in the rotor
cage and thus to a different locked-rotor impedance and a different rotor resistance, which will
influence the locked-rotor current and torque. For larger power ratings, a method for correcting
the measured current and torque values to rated frequency according to the experience of the
manufacturer can be used.

Ignoring saturation, the current varies linearly with voltage and the torque varies with the square
of voltage. However, saturation of leakage flux paths will lead, depending on the motor design,
to voltage dependencies that are somewhat higher than this.
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In case tests are done at reduced voltage, a method for correcting the measured current and
torque values to rated voltage according to the experience of the manufacturer shall be used.
In case no such method is available, Annex B offers a possible and suitable method for a
manufacturer to develop his own saturation factors correcting the measured values considering
saturation.

Table 1 — Minimum values of torques for design N

Range of rated output Number of poles
kW 2 4 6 8

T, T, | I, T, T, | 1, T, T, | I, T, T, |7,

0,12< P =<0,63 1,9 1,3 | 2,0 2,0 1,4 | 2,0 1,7 1,2 | 1,7 1,5 1 1,6
0,63 <P =10 1,8 1,2 | 2,0 1,9 1,3 | 2,0 1,7 1,2 | 1,8 1,5 1,1 1,7
1,0<P <16 1,8 1,2 | 2,0 1,9 1,3 | 2,0 1,6 1,1 1,9 174 1,0 | 1,8
1,6 <P <25 1,7 1,1 | 2,0 1,8 1,2 | 2,0 1,6 1,1 109 1,4 1,0 | 1.8
25<Py <4,0 1,6 1,1 | 2,0 1,7 1,2 | 2,0 1,5 1,1 1,9 1,3 1,0 | 1.8
4,0< P, <6,3 1,5 1,0 | 2,0 1,6 1,1 | 2,0 1,5 11 1,9 1,3 1,0 | 1.8
6,3 <Py <10 1,5 1,0 | 2,0 1,6 1,1 | 2,0 1,6 1,1 1,8 1,3 1,0 | 1,7
10 < P <16 1,4 1,0 | 2,0 1,5 1,1 | 2,0 1,4 1,0 | 1,8 1,2 0,9 | 1,7
16 < P <25 1,3 09 | 1,9 1,4 1,0 L9 1,4 1,0 | 1,8 1,2 0,9 | 1,7
25 <P <40 1,2 09 | 1,9 1,3 1,00 | 1,9 1,3 1,0 | 1,8 1,2 0,9 | .7
40 < P <63 1,1 0,8 | 1,8 1,2 0,9 | 1,8 1,2 0,9 | 1,7 1.1 0,8 | 1.7
63 < Py =100 1,0 0,7 | 1,8 (N 0,8 | 1,8 1,1 0,8 | 1,7 1,0 0,7 | 1.6
100 < P =160 0,9 0,7 | 1,7 1,0 0,8 | 1,7 1,0 0,8 | 1,7 0,9 0,7 | 1.6
160 < P\ < 250 0,8 0,6 _|™,7 0,9 0,7 | 1,7 0,9 0,7 | 1,6 0,9 0,7 | 1.6
250 < P, =400 0,75 |~06 | 1,6 | 0,75 | 06 | 1,6 | 0,75 | 06 | 1,6 | 0,75 | 0,6 | [1,6
400 < P <630 0,65\ 05| 16 | 0,65 | 0,5 | 1,6 | 0,65 | 0,5 | 1,6 | 0,65 | 0,5 | [1,6
630 < P = 1600 0,5 0,3 | 1,6 0,5 0,3 | 1,6 0,5 0,3 | 1,6 0,5 0,3 [ |1.6

NOTE The values giyen-are per unit 7.
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Table 2 — Maximum values of locked rotor apparent power
for designs N and H

Range of rated output S,/Py
kW

Py=04 22
0,4<pPy=<0,63 19
0,63<Py =10 17
Ho—<P=+38 +5
1,8 < Py = 4,0 14
4,0 < Py = 6,3 13
6,3<Pys25 12
25 <P < 63 11
63 < P <630 10
630 < Py <1600 9

Table 3 — Maximum values of locked rotor apparent’power for designs NE and HE

Range of rated output S,/Py
kW

Py = 0,4 22

0,4 < P\»s\0563 19
0,63 <P, =10 17
1,0<P <63 15
6,3<Py=s25 14

25 <P <63 13

63 < P =630 12

630 < P = 1600 11
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Table 4 — External moment of inertia (J)

Number of poles 2 4 6
Frequency 50 60 50 60 50 60 50 60
Hz
Rated output Moment of inertia?
kW kg m?
0,12 0,006 0,004 0,034 0,025 0,092 0,069 0,190 0,142
0,25 0,011 0,009 0,065 0,049 0,179 0,134 0,368 0,276
0,4 0,018 0,014 0,099 0,074 0,273 0,205 0,561 0.4p1
0,63 0,026 0,020 0,149 0,112 0,411 0,308 0,845 0,6B4
1,0 0,040 0,030 0,226 0,170 0,624 0,468 1428 0,9p0
1,6 0,061 0,046 0,345 0,259 0,952 0,714 1,95 1,46
2,5 0,091 0,068 0,516 0,387 1,42 1,07 2,92 2,19
4,0 0,139 0,104 0,788 0,591 2,17 1,63 4,46 3,34
6,3 0,210 0,158 1,19 0,889 3,27 2,45 6,71 5,03
10 0,318 0,239 1,80 1,35 4,95 3,71 10,2 7,63
16 0,485 0,364 2,74 2,06 7,56 5,67 15,5 11]6
25 0,725 0,544 4,10 3,07 11,3 8,47 23,2 1714
40 1,11 0,830 6,26 4,69 17,2 12,9 35,4 26|6
63 1,67 1,25 9,42 7,06 26,0 19,5 53,3 40{0
100 2,52 1,89 14,3 10,7 39,3 29,5 80,8 60|6
160 3,85 2,89 21,8 16,3 60,1 451 123 92|5
250 5,76 4,32 326 24,4 89,7 67,3 184 138
400 8,79 6,59 49,7 37,3 137 103 281 211
630 13,2 9,90 74,8 56,1 206 155 423 317
1600 30,6 23 173 130 477 358 979 734
NOTE 1 The values of the moment of inertia given are in terms of mr2 where m is the mass and r is the nfean
radiyis of gyration.
NOTIE 2 Moment of inertia‘is defined in ISO 80000-4:20062019, 4.7.
B For intermediate and higher values, external moments of inertia shall be calculated according to
the following formula from which the values in the table have been calculated:
1 for 50 Hz,motors J = 0,04P%9 p2.5
1 fop-60 Hz motors J = 0,03P%9p2.5
where:

J is the external moment of inertia in kg m2;

P is the output in kW;

p is the number of pairs of poles.
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Table 5 — Minimum values of torques for design H

Range of rated output Number of poles
kW 4 6 8

T, u Ty T, T, T, T, T, Ty

0,12< P =<0,63 3,0 2,1 2,1 2,55 1,8 1,9 2,25 1,65 1,9
0,63 <P =10 2,85 1,95 2,0 2,55 1,8 1,9 2,25 1,65 1,9
1,0<P <16 2,85 1,95 2,0 2,4 1,65 1,9 2,1 1,5 1,9
1,6 <P <25 2,7 1,8 2,0 2,4 1,65 1,9 2,1 1,5 1,9
2,5<Py<4,0 2,55 1,8 2,0 2,25 1,65 1,9 2,0 1,5 1,9
4,0<P <63 2,4 1,65 2,0 2,25 1,65 1,9 2,0 145 1,9
6,3<Py=10 2,4 1,65 2,0 2,25 1,65 1,9 2,0 1,5 1,9
10 <P <16 2,25 1,65 2,0 2,1 1,5 1,9 2,0 1,4 1,9
16 < Py <25 2,1 1,5 1,9 2,1 1,5 1,9 2,0 1,4 1,9
25 <Py <40 2,0 1,5 1,9 2,0 1,5 1,9 2,0 1,4 1,9
40 < P £ 160 2,0 1,4 1.,9 2,0 1,4 1.9 2,0 1,4 1,9

NOTE 1 The values given are per unit T
NOTE 2 The values of T, are 1,5 times the corresponding values for design’N, but are not less than 2,0.
NOTE 3 The values of T, are 1,5 times the corresponding values for.design N, but are not less than 1,4.

NOTE 4 The values of 7, are equal to the corresponding valués for design N, but are not less than 1,9 and|the
valyes of 7.

Table 6 — Minimum values of torques for design N motors with type of protection
'Ex eb — increased safety’

R3nge of rated output Number of poles
kW 2 4 6

T, u Ty T, T, Ty T, T, Ty T, T, Ty

0,12< P =<0,63 17 1,1 1,8 | 1,8 1,2 1,8 | 1,5 1,1 1,6 | 1,4 1,0 1,6
0,63 <P =10 1,6 1,1 1,8 | 1,7 1,2 1,8 | 1,5 1,1 1,6 | 1,4 1,0 1,6
1,0<P <16 1,6 1,1 1,8 | 1,7 1,2 1,8 | 1,4 1,0 1,7 | 1,3 1,0 1,6
1,6 <P <25 1,5 1,0 1,8 | 1,6 1,1 1,8 | 1,4 1,0 1,7 | 1,3 1,0 1,6
2,5<pP <40 1,4 1,0 1,8 | 1,5 1,1 1,8 | 1,4 1,0 1,7 | 1,2 0,9 1,6
4,0 <Ry=6,3 1,4 1,0 1,8 | 1,4 1,0 1,8 | 1,4 1,0 1,7 | 1,2 0,9 1,6
6,85 P <10 1,4 1,0 1,8 | 1,4 1,0 1,8 | 1,4 1,0 1,6 | 1,2 0,9 1,6
0<p <16 13 09 18 1 14 10 18 1 13 10 16 | 11 08 1,6
16 < Py <25 1,2 0,9 1,7 1 1,3 1,0 1,7 1 1,3 1,0 1,6 | 11 0,8 1,6
25 <Py <40 1,1 0,8 1,7 | 1,2 0,9 1,7 | 1,2 0,9 1,6 | 1,1 0,8 1,6
40 < P <63 1,0 0,7 1,6 | 1,1 0,8 1,6 | 1,1 0,8 1,6 | 1,0 0,7 1,6
63 < P <100 0,9 0,65 | 1,6 | 1,0 0,8 1,6 | 1,0 0,8 1,6 | 0,9 0,7 1,6
100 < P < 160 0,8 0,6 1,6 | 0,9 0,7 1,6 | 0,9 0,7 1,6 | 0,8 0,6 1,6
160 < P\ < 250 0,75 | 0,55 | 1,6 | 0,8 0,6 1,6 | 0,8 0,6 1,6 | 0,8 0,6 1,6
250 < P <400 0,7 0,55 | 16 | 0,7 | 055 |16 | 0,7 | 0,55 | 1,6 | 0,7 | 0,55 | 1,6
400 < P <630 0,6 0,45 | 16 | 06 | 045 | 1,6 | 0,6 0,4 1,6 | 0,6 0,4 1,6

NOTE The values given are per unit 7



https://iecnorm.com/api/?name=05f0c142583d29ae71a8401258b0ee2c

IEC 60034-12:2024 RLV © IEC 2024

Table 7 — External moment of inertia (J) for motors with type of protection

- 19—

'Ex eb — increased safety’

Number of poles 4
Frequency 50 60 50 60 50 60 50 60
Hz
Rated output Moment of inertia?
kW kg m?
0,12 0,006 0,005 0,037 0,027 0,101 0,076 0,207 0,155
0,25 0,012 0,009 0,066 0,050 0,183 0,137 0,375 021
0,4 0,017 0,013 0,097 0,073 0,267 0,200 0,548 0,4[11
0,63 0,025 0,019 0,140 0,105 0,386 0,289 0,792 0,5p4
1,0 0,036 0,027 0,204 0,153 0,561 0,421 115 0,8p4
1,6 0,053 0,040 0,298 0,223 0,821 0,616 1,69 1,46
2,5 0,076 0,057 0,428 0,321 1,18 0,884 2,42 1,81
4,0 0,110 0,083 0,626 0,469 1,72 129 3,54 2,46
6,3 0,160 0,120 0,904 0,678 2,49 1,87 5,12 3,844
10 0,232 0,174 1,31 0,986 3,62 2,72 7,44 5,948
16 0,340 0,255 1,92 1,44 5,30 3,98 10,9 8,16
25 0,488 0,366 2,76 2,07 7,61 5,71 15,6 11]7
40 0,714 0,536 4,04 3,03 11,1 8,35 22,9 1711
63 1,03 0,774 5,84 4,38 16,1 12,1 33,0 2418
100 1,50 1,13 8,49 6,37 23,4 17,5 48,0 36]0
160 2,20 1,65 1244 9,32 34,2 25,7 70,3 52(7
250 3,15 2,36 17,8 13,4 491 36,9 101,0 75|7
400 4,61 3,46 26,1 19,6 71,9 53,9 148 111
630 6,66 5,00 37,7 28,3 104 77,9 213 160
NOTE 1 The values of the momeént.of inertia given are in terms of mr2 where m is the mass and r is the mlean
radius of gyration.
NOTE 2 Moment of inertiasis*defined in ISO 80000-4:20062019, 4.7.
NOTE 3 @ Foriintermediate and higher values, external moments of inertia shall be calculated accorging
o the following fermula from which the values in the table have been calculated:
- for 50 Hz¢motors J = 0,036P0:81)2.5
- for 60°Hz motors J = 0,027P0:81,2.5
where:
F—tstheextermatmommentof-mertra kg

P is the output in kW,

p is the number of pairs of poles.
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Annex A
(informative)

Current and torque characteristics with locked rotor

IEC 60034-12:2024 RLV © IEC 2024

The following statements describe the general time characteristics of current and torque during
direct online starting of cage induction motors.

a) Locked-rotor current versus time, see Figure A.1
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b) Locked-rotor torque versus time, see Figure A.2
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Figure A.2 — Locked-rotor torque in multiples of rated
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o

o

ue versus time

brque requires both, current and flux, and as the magn 'Cﬁeld is zero before energi

torque peak. However, thg

Q‘ ijply frequency that first increases
es with the decreasing DC compo

e torque oscillation will disappear

zing
DC

hent
and

100-LW
«O % . B
Nl T o o A A
RS LA ER L nnnﬁ
KS) \Urmnvnvuwl UL “HU
20 |Ma max 59412Ncm O® 20 M max yﬂvacmv b VV VVV Vv I V -
. Ma mittel:91,’90 Ncm'\C) 0 Mamittel:46:80 Ncml

0 60 120

% OQFM’ R T PR
N
eft/pr

180 240 300

Figure A.3 — Locked-rotor torque in cNm versus rotor position in °;
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eferable number of rotor slots, right: less preferable number of rotor slotg

As mentioned in 12.1, the locked-rotor torque depends on the rotor position. The reason for this
are interactions between spatial harmonics of the stator winding and of the rotor cage. How big
this dependency is, depends on the chosen number of rotor slots for given numbers of pole-
pairs and stator slots. The two measurement plots displaying the locked-rotor torque over rotor
position for a full revolution of the rotor show that the effect may be negligible in case of a
preferable number of rotor slots but may be significant in case of a less preferable choice. Worst

case would be choosing the same slot nhumbers in stator and rotor.
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d) Influence of motor temperature on locked-rotor torque, see Figure A.4
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Figure A.4 — Locked-rotor torque in cNm versus r@ position in °
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e) Additional considerations for star-delta starting, see Figure A.5
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Fljgure A.5 — Time-courses (in/s) of rotational speed (upper left), torque (lower left),
phase voltage (upper right) aid phase current (lower right) during a star-delta starttup

Starfing a motor that is desighed having a delta-connected stator winding at rated voltage |with
a stqgr-connection of thewinding, will reduce the locked-rotor current and the locked-rotor tofque
bothl by a factor of approximately 3. Also the peak inrush current described in item a) wi|l be
redyced by this faktor. However, it should be considered that, when changing from staf- to
delta-connection.during or after the start-up, current peaks and also a torque peak will occur
thatlare usually*higher than the peak inrush current and the peak torque that will occur at stand-
still with delta-connected winding at rated voltage. The reason for this is that, in the time intgrval
aftef opegning the star-connection of the stator winding, but before reenergizing it in dglta-
connection, the motor still holds a residual flux, even though the stator current is zero.|The
residual flux is maintained by DC current flowing in the rotor cage during this time interval.
When reenergizing the stator winding, the voltage induced in the stator winding by the residual
flux (see upper right time-course) and the supply voltage are differing in magnitude and in phase
which causes again an inrush phenomenon with peaks in current and torque that both can be
higher than the initial peaks at start up. Attention should be paid to the correct layout of the
wiring of the switches, particularly when reversing the rotation of the motor by swapping two
phases.
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Annex B
(informative)

Correction method for test done on reduced voltage

A well-proven and more accurate method than correcting current proportional to the voltage
and torque proportional to the square of the voltage requires determining the rate of change of
current and torque with voltage by measuring locked-rotor current and locked-rotor torque for

diffe

rent values of voltage.

For
torq

For
tob
the

Iy
and

The

h test voltage equal to or exceeding 90 % of the rated voltage, it is sufficient to cor
le with the square of the voltage and the current proportional to the voltage. Q},

p corrected using saturation factors. The saturation factors are determine}t]{ the bas|
oltage-dependencies of locked-rotor torque and locked-rotor current 7)/T}\, = f(Uiest/ UN)

= f(Uest/ Un) measured for at least three (preferably five) different voltages between 2
50 % (preferably 60 %) of the rated voltage. Q‘b
Q

voltages below 90 % of the rated voltage or to increase accuracy, current @%rque have

the

s of
and

0 %

saturation factors for current kg and for torque kgt are ob 'nCQd via a potential regresision

of the measured voltage-dependencies, i.e. by calculating thp\@efﬂcients ay, by, at and by giving

the

Dep

The
torq

If at

funcliefis determined for stand-still can also be used for the voltage correction of the comy

be met.
C)O

pest fit between the measured values and the functior‘é\

_ | Utest
kS| = a%[sﬁ
N\
Ny
_ test
\KsT = 4T [U_J
N N
.\C)

ending on the motc&c’esign, by 2 1 and bt 2 2 hold. As plausibility criterion bt = 25, sh

coefficient@\‘ is the locked-rotor current at rated voltage and a;7y is the locked-
e at ra@%ltage.

le Qﬁ% of the rated voltage is reached in the test, the coefficients of the extrapold

ould

otor

tion

lete

torq

ue-speed and current-speed curves.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 12: Starting performance of single-speed
three-phase cage induction motors

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizationncomp
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote interna
-operation on all questions concerning standardization in the electrical and electronic fieldsy To this en
addition to other activities, IEC publishes International Standards, Technical Specifications| Technical Re
Lblicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC! Publication(s)").

eparation is entrusted to technical committees; any IEC National Committee interested\in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizatidg
andardization (ISO) in accordance with conditions determined by agreementcbetween the two organizatig

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical ,comimittee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made t0 ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible for\the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
bnsparently to the maximum extent possible in their national and regional publications. Any divergence bet
hy IEC Publication and the corresponding national pr,regional publication shall be clearly indicated in the |

C itself does not provide any attestation of cenformity. Independent certification bodies provide confg
Esessment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have thelatest edition of this publication.

p liability shall attach to IEC or its directors, employees, servants or agents including individual expert
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
penses arising out of the'\publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the\Normative references cited in this publication. Use of the referenced publicatig
dispensable for the-correct application of this publication.

C draws attentien to the possibility that the implementation of this document may involve the use

htent(s). IEC-takes no position concerning the evidence, validity or applicability of any claimed patent rig
spect thereof, As of the date of publication of this document, IEC had not received notice of (a) patent(s),
ay be required to implement this document. However, implementers are cautioned that this may not repr
e latestinformation, which may be obtained from the patent database available at https://patents.iec.ch|
allnet/be held responsible for identifying any or all such patent rights.
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bUUo4-12 has been prepared by IEC technical committee Z: Rotating machinery. It 1

International Standard.

S an

This fourth edition cancels and replaces the third edition published in 2016. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous

edition:
Clause or
subclause Change
Table 6 Aligned with the requirements for explosion protected motors from TC31 WG27
12 New clause on methods for measuring locked-rotor current and torque
Annex A New informative annex on the general current and torque characteristics with locked
rotor
Annex B New informative annex on correction of voltage and frequency
The|text of this International Standard is based on the following documents:
Draft Report on voting
2/2132/CDV 2/2150A/RVC

Full

the above table.

The

This
accq
at w
desq

information on the voting for its approval can be found in the report on voting indicatg

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

document was drafted in accordance with ISO/JEC Directives, Part 2, and develops

ww.iec.ch/members_experts/refdocs. The main document types developed by IEC
ribed in greater detail at www.iec.ch/publications.

din

din

rdance with ISO/IEC Directives, Part 1 and ISQ/JEC Directives, IEC Supplement, available

are

A list of all parts of the IEC 60034 series, published under the general title Rotating electrical

machines, can be found on the IEC website.
The|committee has decided that the/contents of this document will remain unchanged unti| the
stabjlity date indicated on the JEC website under webstore.iec.ch in the data related tqg the
spegific document. At this date,the document will be
e rleconfirmed,
e withdrawn, or
e revised.
IMPORTANT - The "colour inside"” logo on the cover page of this document indicates

of its contents. Users should therefore print this document using a colour printer.
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1

This| part of IEC 60034 specifies the parameters for eight designs of starting performang

sing
IEC

— have a rated voltage up to 1 000 V;

— are intended for direct-on-line or star-delta starting;
— are rated on the basis of duty type S1;

— are constructed to any degree of protection as defined in IE€60034-5 and explg
protection.

This| document also applies to dual voltage motors provided.that the flux saturation level i

sam

The
(tha

NOT

specific design in accordance with this document will(be’a matter of agreement between the manufacturer an
purchaser.

NOTE
NOTE
NOTE

currehts. The start of the motor(leads to transient asymmetrical currents in the whole supply, so called i
currepts, the peak value of whieh can range from 1,8 to 2,8 times the steady state locked rotor value. The cy

peak
switc

top
par
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ROTATING ELECTRICAL MACHINES -

Part 12: Starting performance of single-speed
three-phase cage induction motors

Scope

e-speed three-phase 50 Hz or 60 Hz cage induction motors in accordance
60034-1 that:

e for both voltages.

values of torque, apparent power and current dgiven in this document are limiting va
is, minimum or maximum without tolerance).

F 1 It is not expected that all manufacturers will produce machines for all eight designs. The selection g

2 Designs other than the eight specified‘can be necessary for particular applications.
3 Values given in manufacturers'*catalogues can include tolerances in accordance with IEC 60034-1.

4 The values tabled for lockéd\rotor apparent power are based on RMS symmetrical steady state locked

and decay time are a_ function of the motor design and switching angle. Similar effects can occur durin
hover from star to detta‘operation. A more detailed description is provided in Annex A.

application of the test methods described in Clause 12 can be applied to cage indugd

e of
with

sion

the

lues

f any
d the

rotor
rush
rrent
g the

tion

rs outside-the scope of this document. However, special care shall be taken in such cases
event oyerheating of the stator or the rotor winding depending on the concrete method
meters-chosen.

and

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC

60034-1:2022, Rotating electrical machines — Part 1: Rating and performance

IEC 60034-5:2020, Rotating electrical machines — Part 5: Degrees of protection provided by the
integral design of rotating electrical machines (IP code) — Classification

IEC 60034-30-1:2014, Rotating electrical machines — Part 30-1: Efficiency classes of line-
operated AC motors (IE-code)
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IEC 60079-7:2015, Explosive atmospheres — Part 7: Equipment protection by increased
safety "e"

IEC

ISO

3

60079-7:2015/AMD1:2017

80000-4:2019, Quantities and units — Part 4: Mechanics

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO

addiesses:

and IEC maintain terminology databases for use in standardization at the follo

EC Electropedia: available at https://www.electropedia.org/

O Online browsing platform: available at https://www.iso.org/obp

ving

3.1

rated torque

Ty

torque the motor develops at its shaft end at rated output and speed

[SOURCE: IEC 60050-411:1996, 411-48-05]

3.2

locKed-rotor torque

T,

smajllest measured torque the motor develops.at its shaft end with the rotor locked, over dll its
anguilar positions, at rated voltage and frequency

[SOURCE: IEC 60050-411:1996, 411-48:06]

3.3

pulltup torque

Tu

smallest steady-state asynchronous torque which the motor develops between zero speed|and
the $peed which corresponds to the breakdown torque, when the motor is supplied at the rated
voltage and frequency

[SOURCE: IEC60050-411:1996, 411-48-42, modified — The notes 1 and 2 to entry have heen
modijified.]

Note |1 toentry: This definition does not apply to those motors whose torque continually decreases with incregse in
speed.

Note 2 to entry: In addition to the steady-state asynchronous torques, harmonic synchronous torques, which are a

function of rotor load angle, will be present at specific speeds. At such speeds, the accelerating torque can be
negative for some rotor load angles. Experience and calculation show this to be an unstable operating condition and
therefore harmonic synchronous torques do not prevent motor acceleration and are excluded from this definition.
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breakdown torque

Ty

maximum steady-state asynchronous torque which the motor develops without an abrupt drop
in speed, when the motor is supplied at the rated voltage and frequency

[SOURCE: IEC 60050-411:1996, 411-48-43, modified — The notes 1 and 2 to entry have been

mod

ified.]

Note 1 to entry: This definition does not apply to those motors whose torque continually decreases with increase in

spee

3.5
rate
Py
valu

Note
411:1

3.6
rate
Un
valu

Note
411:1

3.7
locK
S

d output
e of the output power included in the rating

1toentry: The terms rated value and rating are defined in IEC 60034-1:2022, 3.1 and 3.2 (see also IEC 6
996, 411-51-23 and 411-51-24).

d voltage
e of the voltage included in the rating

1toentry: The terms rated value and rating are defined in IE€,60034-1:2022, 3.1 and 3.2 (see also IEC 6
996, 411-51-23 and 411-51-24).

ed rotor apparent power

apparent power input with the motor heldsat rest at rated voltage and frequency after the in

curr

[SO
to a

3.8
locK
I,

curr
decd

bnts have decayed to a symmetrical’system of current

symmetrical system of curfent” has been added.]

ed rotor current

yed to a_symmetrical system of current

Symbols

050-

050-

rush

JRCE: IEC 60050-411:1996,411-48-49, modified — "after the inrush currents have decayed

bnt with the.motor held at rest at rated voltage and frequency after the inrush currents have

Locked rotor current

External moment of inertia

Moment of inertia of motor under test

Rotational speed
Number of pole pairs
Power at the motor terminals during test method c) in 12.3.4

Power at the generator terminals during test method a) in 12.3.2
Motor iron losses during test method c¢) in 12.3.4

Motor I2R losses during test method c) in 12.3.4
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Pr g Total losses of the generator during test method a) in 12.3.2

Py Rated output

S Locked rotor apparent power

Ty Rated torque

T Locked rotor torque

T, Pull-up torque

Ty Breakdown torque

Tt Motor friction and windage torque during test method c) in 12.3.4

UN Rated voltage

5 Pesignation

5.1 | General

Motors designed according to this document are classified according-to 5.2 to 5.7. The lejters

used to specify the different designs stand for:

N: normal starting torque.

H: high starting torque.

Y: star-delta starting.

E motors utilizing extended / higher locked.rotor apparent power and current to achlieve
efficiency classes of IE3 or higher according to IEC 60034-30-1.

5.2 | Design N

Normal starting torque three-phase cage-induction motors, intended for direct-on-line starting,

haviphg 2, 4, 6 or 8 poles, rated from 0312 kW to 1 600 kW.

5.3 | Design NE

Normal starting torque three-phase cage induction motors having higher locked rotor appgrent

powkgr than design N, intended for direct-on-line starting, having 2, 4, 6 or 8 poles, rated from

0,12 kW to 1 600 kW

5.4 | DesignsNY-and NEY

Motxrs similar'to designs N or NE, respectively, but intended for star-delta starting. For these

motgrs ip-star-connection, minimum values for 7}, and T, are 25 % of the values of design N or

NE, [respectively, see Table 1.

5.5 Design H

High starting torque three-phase cage induction motors with 4, 6 or 8 poles, intended for direct-
online starting, rated from 0,12 kW to 160 kW at a frequency of 60 Hz.

5.6

Design HE

High starting torque three-phase cage induction motors having higher locked rotor apparent
power than design H, with 4, 6 or 8 poles, intended for direct-online starting, rated from 0,12 kW
to 160 kW at a frequency of 60 Hz.
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5.7 Designs HY and HEY

Motors similar to designs H or HE, respectively, but intended for star-delta starting. For these
motors in star-connection, minimum values for T, and T, are 25 % of the values of design H or

HE, respectively, see Table 5.

6 Design N requirements

6.1 Torque characteristics

The[starting tforque is represented by three characteristic features. These features shall Be in
accqrdance with the appropriate values given in Table 1 or Table 6. The values in Takle~1|and
Table 6 are minimum values at rated voltage. Higher values are allowed.

The|motor torque at any speed between zero and that at which breakdown torque”occurs ghall
be not less than 1,3 times the torque obtained from a curve varying as the squafe of the speed
and|being equal to rated torque at rated speed. However, for 2-pole motors with type of
protection 'Ex eb — increased safety' having a rated output greater thanh 100 kW, the mnotor
torque at any speed between zero and that at which breakdown torque occurs shall not be|less
than| 1,3 times the torque obtained from a curve varying as the square of the speed and bging
equal to 70 % rated torque at rated speed. For motors with type-of-protection 'Ex eb', the three
characteristic torques shall be in accordance with the appropriate values given in Table 6.

NOTE The factor 1,3 has been chosen with regard to an undervoltage'of 10 % in relation to the rated voltage at the
motof terminals during the acceleration period.

6.2 | Locked rotor current and apparent power

The|locked rotor apparent power shall be not-greater than the appropriate value given in
TabF 2. The values given in Table 2 are independent of the number of poles and are maxiqnum

valuges at rated voltage. For motors with type“of protection 'e’, locked rotor apparent power ghall
be ip accordance with the appropriate values specified in IEC 60079-7.

Thellocked rotor current is calculated from the locked rotor apparent power according to:

S . R

II:EX\E—UN (1)

The|advantage of specifying S/Py instead of [|/Iy is that the locked rotor current caf be
calcplated<from rated power and rated voltage only, not requiring to know the rated cufrent
whigh depéends on quantities such as power factor and efficiency that are usually not known in
early 'stages of a project.

6.3 Starting requirements

Motors shall be capable of withstanding two starts in succession (coasting to rest between
starts) from cold conditions and one start from hot after running at rated conditions. The
retarding torque due to the driven load will be in each case proportional to the square of the
speed and equal to the rated torque at rated speed with the external moment of inertia given in
Table 4 or Table 7.
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In each case, a further start is permissible only if the motor temperature before starting does
not exceed the steady temperature at rated load. However, for 2-pole motors with type of
protection 'Ex eb — increased safety' having a rated output greater than 100 kW, the retarding
torque due to the driven load is proportional to the square of the speed and equal to 70 % rated
torque at rated speed, with the external moment of inertia given in Table 7. After this starting,
load with rated torque is possible.

It should be recognized that the number of starts should be minimized since these affect the
life of the motor.

7 esign NE starting requirements

The|starting requirements are as for design N, except that the limits for locked rotorappdrent
powgr in Table 3 apply, as increasing efficiency values require physically increasing valueg for
lockged rotor apparent power.

8 Pesigns NY and NEY starting requirements

The|starting requirements are as for designs N or NE, respectively. In addition, howevgr, a
redyced retarding torque is necessary as the starting torque  in 'star connection' may be
insufficient to accelerate some loads to an acceptable speeds

It should be recognized that the number of starts should ‘be minimized since these affec{ the
life ¢f the motor.

9 Pesign H requirements

9.1 | Starting torque

The|starting torque is represented by\three characteristic features. These features shall e in
accqrdance with the appropriate values given in Table 5. These values are minimum valugs at
ratedl voltage. Higher values arejallowed.

9.2 | Locked rotor current-and apparent power

The|locked rotor apparent power shall be not greater than the appropriate value givgln in
Table 2. The valuesiin-Table 2 are independent of the number of poles and are maximum vallues
at rgted voltage,

The|locked\xotor current is calculated from the locked rotor apparent power according tq the
formula given in 6.2.

9.3 —Startingrequirements

Motors shall be capable of withstanding two starts in succession (coasting to rest between
starts) from cold conditions, and one start from hot after running at rated conditions. The
retarding torque due to the driven load is assumed to be constant and equal to rated torque,
independent of speed, with an external moment of inertia of 50 % of the values given in Table 4.

In each case, a further start is permissible only if the motor temperature before starting does
not exceed the steady temperature at rated load.

It should be recognized that the number of starts should be minimized since these affect the
life of the motor.
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10 Design HE starting requirements

The starting requirements are as for design H, except that the limits for locked rotor apparent
power in Table 3 apply, as increasing efficiency values require physically increasing values for
locked rotor apparent power.

11 Designs HY and HEY starting requirements

The starting requirements are as for design H or HE, respectively. In addition, however, a
reduced rnfnrding tarque is necessary as the Q’rarfing tarque in _'star connection' may be

insufficient to accelerate some loads to an acceptable speed.

It should be recognized that the number of starts should be minimized since these affec{ the
life ¢f the motor.

12 Petermination of current and torque from measurement

12.1 Locked-rotor current and locked-rotor torque

Whgn possible, the locked-rotor current shall be measured at fated voltage and frequency as
the ¢urrent is not directly proportional to the voltage becauséf changes in reactance calised
by spturation of the leakage paths. In case this isn't possible, see 12.4.

Thellocked-rotor torque may be measured with, e.g,-a.scale or force transducer with a brake or
beam, or it may be measured directly using an in-linettorque transducer, or it may be determjned
from the electrical input power using Formula (5)>'Depending on the chosen number of fotor
slotg, the locked-rotor torque of cage induction,motors is subject to variations depending on the
anguilar position of the rotor with respect to.the stator. In case a preferable number of rotor §lots
is chosen according to the manufacturer's .experience, it is usual practice to lock the rotor|of a
cage induction motor in any convenient’position or to measure current and torque values [with
the rotor being stalled at very low speed, i.e. with a speed below 2 % of the rated speed.

12.20 Breakdown torque

The|breakdown torque can‘be measured by loading the motor, starting at no-load condition,
with|an increasing load_terque. The load torque that is reached when the motor starts qu|ckly
loos|ng speed, is the(breakdown torque.

Alternatively, the-values of pull-up and breakdown torque can be measured during acceleration
from reverse-sp€ed to no-load speed (see method c) below), provided the load machine ingrtia
or Igad targue is sufficiently large. Sufficiently large means in case of power ratings up to
100 kW (that the change of rotational speed during test satisfies, depending on the motor's
monllent of inertia J, and the motor's locked-rotor torque 7|, the relation

d 0,05
< up (2)
dr  2mJy,

Otherwise, the breakdown torque will be underestimated. For power ratings above 100 kW,
different relations of the moment of inertia and the locked-rotor torque may be suitable
according to the experience to the manufacturer.

In case the complete torque-speed curve is measured using one of the methods below, no
separate measurement of the breakdown torque is required.


https://iecnorm.com/api/?name=05f0c142583d29ae71a8401258b0ee2c

IEC 60034-12:2024 © |IEC 2024 -13 -

12.3 Torque-speed curve and current-speed curve
12.3.1 General

Any one of the methods listed below may be used to obtain data for a speed-torque curve. The
selection of the method will depend upon the size and the speed-torque characteristics of the
machine and the testing facilities. In all three methods, sufficient test points should be recorded
to ensure that reliable curves, including irregularities, can be drawn in the regions of interest
from the test data. It is important that the frequency of the power supply be maintained constant
throughout the test.

Metiiod a) requires the maintenance of constant speed for each reading. Therefore, it capnot
be ysed in regions where the torque of the machine increases with speed more rapidly than
that|of the loading device. From the results of the following tests, adjusted to the rated-voltage
and [frequency, curves of torque and current should be plotted vs. speed.

It is|understood that the temperature of the stator and the rotor winding,will influence| the
meajsured torque-speed and current-speed curves (see Annex A).

12.3.2 Torque-speed and current-speed curves from direct measurement (method &

~——

In this method, a calibrated generator with known losses versus’ speed or a transducegr or
mechanical brake is coupled to the motor being tested. Thedmotor is supplied preferably |with
ratefl frequency and rated voltage. The speed of the motor, for each test point is controlled by
varyling the load on the generator or the brake.

In this test, readings of voltage, current, and speed‘af the motor as well as readings of

— either the torque directly measured by, exg~ a torque transducer, a dynamometer pr a
mechanical brake,

— 9r the power at the generator are.taken at speeds between approximately 30 % of
gynchronous speed and the maximum speed obtainable. The total power output of the motor
5 the sum of the power at the generator terminals Pyg and the total losses of the genefator

'T.g- The torque T at each speed rn is calculated from

e —

T=(Rg+Prg)l(21n) (3)

NOTE For determining losses and loss portions by measurement, see |[EC 60034-2-1.

The|speed.should be constant or sufficiently low satisfying Formula (2) when the readingqg are
takeln, se-that acceleration or deceleration power does not affect the results. Care should be
takiﬁnot to overheat the motor. The accuracy of speed measurement is particularly important
at |

slip

In case the voltage and/or the frequency differ from the rated values, the values of torque and
current are corrected as described in 12.4.

12.3.3 Torque-speed and current-speed curves from acceleration (method b)

In this method, the motor is started with no load, and the values of voltage, current, and speed
are recorded versus time. The torque is determined from the acceleration of the inertia J of the
rotating parts. An accurate measurement of speed versus time is an essential requirement of
this method. In addition, the accelerating time should be long enough so that electrical transient
effects do not distort the readings of voltage, current, and speed. In order to achieve this, the
accelerating time may be increased by using a lower applied voltage or by coupling a suitable
inertia to the motor shaft. In case the accelerating time is too short, the measured torque will
underestimate the motor's steady state torque-speed curve.
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If the motor's starting friction is high, or if more accurate data in the zero speed range are
desired, the motor can be started rotating in the reverse direction prior to application of power
for the acceleration.

The torque T at each speed is calculated from the time-derivative of speed according to

T=2TrJd—n (4)
de

This|requires a sufficiently exact knowledge of the moment of inertia. In case the voltage and/or
the frequency differ from the rated values, the values of torque and current are corréectefd as
desgribed in 12.4.

12.3.4 Torque-speed and current-speed curves from measured inputower (methogd c)

In this method, the torque is determined by subtracting the iron losseg, Pr, and the I2R logses
of the stator winding P| in the machine from the motor's terminakpower P,. The differ¢nce

diviged by the synchronous angular velocity 2 mf/p of the motot)is the sum of friction|and
windage torque Ty, and motor torque, leading to

T=ﬁf(a—PFe—PL)—TM (5)

NOTE For determining losses and loss portions by ‘nieasurement, see |[EC 60034-2-1.

The|motor does not have to be unloaded: The values of voltage, current, power, and speeq are
recorded versus time.

In case the voltage and/or the frequency differ from the rated values, the values of torque|and
curregnt are corrected as described in 12.4.

12.4 Correction of data for tests performed at reduced voltage and/or other than rated
frequency

In case tests ofyasmotor with a rated frequency of 60 Hz are done at a 50 Hz supply, the volfage
shal| be reduced to 50/60 times (i.e. 83,3 %) of the rated voltage in order to maintain the rpted
flux.| If thisdis'done, no further correction of the measured current and torque values is requ|red.

In casetests of a motor with a rated frequency of 50 Hz are done at a 60 Hz supply, the supply
voltage shall not be increased as this would exceed the rated voltage. Instead, this shall be
considered as an (additional) reduction of the test voltage in the ratio of 50 Hz/60 Hz.

In addition, the change of frequency will lead to a different current displacement in the rotor
cage and thus to a different locked-rotor impedance and a different rotor resistance, which will
influence the locked-rotor current and torque. For larger power ratings, a method for correcting
the measured current and torque values to rated frequency according to the experience of the
manufacturer can be used.

Ignoring saturation, the current varies linearly with voltage and the torque varies with the square
of voltage. However, saturation of leakage flux paths will lead, depending on the motor design,
to voltage dependencies that are somewhat higher than this.
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In case tests are done at reduced voltage, a method for correcting the measured current and
torque values to rated voltage according to the experience of the manufacturer shall be used.
In case no such method is available, Annex B offers a possible and suitable method for a
manufacturer to develop his own saturation factors correcting the measured values considering
saturation.

Table 1 — Minimum values of torques for design N

Range of rated output Number of poles
kW 2 4 6 8

T, T, | I, T, T, | 1, T, T, | I, T, T, |7,

0,12< P =<0,63 1,9 1,3 | 2,0 2,0 1,4 | 2,0 1,7 1,2 | 1,7 1,5 1 1,6
0,63 <P =10 1,8 1,2 | 2,0 1,9 1,3 | 2,0 1,7 1,2 | 1,8 1,5 1,1 1,7
1,0<P <16 1,8 1,2 | 2,0 1,9 1,3 | 2,0 1,6 1,1 1,9 174 1,0 | 1,8
1,6 <P <25 1,7 1,1 | 2,0 1,8 1,2 | 2,0 1,6 1,1 109 1,4 1,0 | 1.8
2,5<Py <40 1,6 1,1 | 2,0 1,7 1,2 | 2,0 1,5 1,1 1,9 1,3 1,0 | 1.8
4,0< P, <6,3 1,5 1,0 | 2,0 1,6 1,1 | 2,0 1,5 11 1,9 1,3 1,0 | 1.8
6,3 <Py <10 1,5 1,0 | 2,0 1,6 1,1 | 2,0 1,6 1,1 1,8 1,3 1,0 | 1,7
10 < P <16 1,4 1,0 | 2,0 1,5 1,1 | 2,0 1,4 1,0 | 1,8 1,2 0,9 | 1,7
16 < P <25 1,3 09 | 1,9 1,4 1,0 L9 1,4 1,0 | 1,8 1,2 0,9 | 1,7
25 <P <40 1,2 09 | 1,9 1,3 1,00 | 1,9 1,3 1,0 | 1,8 1,2 0,9 | .7
40 < P <63 1,1 0,8 | 1,8 1,2 0,9 | 1,8 1,2 0,9 | 1,7 1.1 0,8 | 1.7
63 < Py =100 1,0 0,7 | 1,8 (N 0,8 | 1,8 1,1 0,8 | 1,7 1,0 0,7 | 1.6
100 < P =160 0,9 0,7 | 1,7 1,0 0,8 | 1,7 1,0 0,8 | 1,7 0,9 0,7 | 1.6
160 < P\ < 250 0,8 0,6 _|™,7 0,9 0,7 | 1,7 0,9 0,7 | 1,6 0,9 0,7 | 1.6
250 < P, =400 0,75 |~06 | 1,6 | 0,75 | 06 | 1,6 | 0,75 | 06 | 1,6 | 0,75 | 0,6 | [1,6
400 < P <630 0,65\ 05| 16 | 0,65 | 0,5 | 1,6 | 0,65 | 0,5 | 1,6 | 0,65 | 0,5 | [1,6
630 < P = 1600 0,5 0,3 | 1,6 0,5 0,3 | 1,6 0,5 0,3 | 1,6 0,5 0,3 [ |1.6

NOTE The values giyen-are per unit 7.
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Table 2 — Maximum values of locked rotor apparent power
for designs N and H

Range of rated output S,/Py
kW

Py=04 22
0,4<pP =<0,63 19
0,63<Py =10 17
Ho—<P=+38 +5
1,8 < Py = 4,0 14
4,0 < Py = 6,3 13
6,3 <Pys25 12
25 <P < 63 11
63 < P <630 10
630 < Py <1600 9

Table 3 — Maximum values of locked rotor apparent’power for designs NE and HE

Range of rated output S,/Py
kW

Py = 0,4 22

0,4 < P\»s\0563 19
0,63 P, =10 17
1,0<P <63 15

6,3 <Py=s25 14

25 <P <63 13

63 < P =630 12

630 < P = 1600 11
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Table 4 — External moment of inertia (J)

Number of poles 2 4 6
Frequency 50 60 50 60 50 60 50 60
Hz
Rated output Moment of inertia?
kW kg m?
0,12 0,006 0,004 0,034 0,025 0,092 0,069 0,190 0,142
0,25 0,011 0,009 0,065 0,049 0,179 0,134 0,368 0,276
0,4 0,018 0,014 0,099 0,074 0,273 0,205 0,561 0,4p1
0,63 0,026 0,020 0,149 0,112 0,411 0,308 0,845 0,6B4
1,0 0,040 0,030 0,226 0,170 0,624 0,468 1428 0,960
1,6 0,061 0,046 0,345 0,259 0,952 0,714 1,95 1,46
2,5 0,091 0,068 0,516 0,387 1,42 1,07 2,92 2,19
4,0 0,139 0,104 0,788 0,591 2,17 1,63 4,46 3,34
6,3 0,210 0,158 1,19 0,889 3,27 2,45 6,71 5,03
10 0,318 0,239 1,80 1,35 4,95 3,71 10,2 7,63
16 0,485 0,364 2,74 2,06 7,56 5,67 15,5 11{6
25 0,725 0,544 4,10 3,07 11,3 8,47 23,2 17{4
40 1,11 0,830 6,26 4,69 17,2 12,9 35,4 26|6
63 1,67 1,25 9,42 7,06 26,0 19,5 53,3 40|0
100 2,52 1,89 14,3 10,7 39,3 29,5 80,8 606
160 3,85 2,89 21,8 16,3 60,1 451 123 925
250 5,76 4,32 32;6 24 .4 89,7 67,3 184 138
400 8,79 6,59 49,7 37,3 137 103 281 21[1
630 13,2 9,90 74,8 56,1 206 155 423 317
1600 30,6 23 173 130 477 358 979 734
NOTE 1 The values of the moment of inertia given are in terms of mr2 where m is the mass and r is the nfean
radiyis of gyration.
NOTIE 2 Moment of inertia‘is defined in ISO 80000-4:2019, 4.7.
a8 Kor intermediate,and’higher values, external moments of inertia shall be calculated according to the follofving
formula from which the values in the table have been calculated:
1 for 50 Hz,motors J = 0,04P%9 p2.5
1 fop-60 Hz motors J = 0,03P%9p2.5
where:

P is the output in kW;

p is the number of pairs of poles.

J is the external moment of inertia in kg m2;
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Table 5 — Minimum values of torques for design H

Range of rated output Number of poles
kW 4 6 8

T, u Ty T, T, T, T, T, Ty

0,12< P =<0,63 3,0 2,1 2,1 2,55 1,8 1,9 2,25 1,65 1,9
0,63 <P =10 2,85 1,95 2,0 2,55 1,8 1,9 2,25 1,65 1,9
1,0<P <16 2,85 1,95 2,0 2,4 1,65 1,9 2,1 1,5 1,9
1,6 <P <25 2,7 1,8 2,0 2,4 1,65 1,9 2,1 1,5 1,9
2,5<Py<4,0 2,55 1,8 2,0 2,25 1,65 1,9 2,0 1,5 1,9
4,0<P <63 2,4 1,65 2,0 2,25 1,65 1,9 2,0 145 1,9
6,3<Py=10 2,4 1,65 2,0 2,25 1,65 1,9 2,0 1,5 1,9
10 <P <16 2,25 1,65 2,0 2,1 1,5 1,9 2,0 1,4 1,9
16 < Py <25 21 1,5 1,9 21 1,5 1,9 2,0 1,4 1,9
25 <Py <40 2,0 1,5 1,9 2,0 1,5 1,9 2,0 1,4 1,9
40 < P £ 160 2,0 1,4 1.,9 2,0 1,4 1.9 2,0 1,4 1,9

NOTE 1 The values given are per unit T
NOTE 2 The values of T, are 1,5 times the corresponding values for design’N, but are not less than 2,0.
NOTE 3 The values of T, are 1,5 times the corresponding values for.design N, but are not less than 1,4.

NOTE 4 The values of 7, are equal to the corresponding valuges for design N, but are not less than 1,9 and|the
valyes of 7.

Table 6 — Minimum values of torques for design N motors with type of protection
'Ex eb — increased safety’

R3nge of rated output Number of poles
kW 2 4 6

T, u Ty T, T, Ty T, T, Ty T, T, Ty

0,12< P =<0,63 17 1,1 1,8 | 1,8 1,2 1,8 | 1,5 1,1 1,6 | 1,4 1,0 1,6
0,63 <P =10 1,6 1,1 1,8 | 1,7 1,2 1,8 | 1,5 1,1 1,6 | 1,4 1,0 1,6
1,0<P <16 1,6 1,1 1,8 | 1,7 1,2 1,8 | 1,4 1,0 1,7 | 1,3 1,0 1,6
1,6 <P <25 1,5 1,0 1,8 | 1,6 1,1 1,8 | 1,4 1,0 1,7 | 1,3 1,0 1,6
2,5<pP <40 1,4 1,0 1,8 | 1,5 1,1 1,8 | 1,4 1,0 1,7 | 1,2 0,9 1,6
4,0 <Ry=6,3 1,4 1,0 1,8 | 1,4 1,0 1,8 | 1,4 1,0 1,7 | 1,2 0,9 1,6
6,85 Py <10 1,4 1,0 1,8 | 1,4 1,0 1,8 | 1,4 1,0 1,6 | 1,2 0,9 1,6
0<p <16 13 09 18 1 14 10 18 1 13 10 16 | 11 08 1,6
16 < Py <25 1,2 0,9 1,7 1 1,3 1,0 1,7 1 1,3 1,0 1,6 | 11 0,8 1,6
25 <Py <40 1,1 0,8 1,7 | 1,2 0,9 1,7 | 1,2 0,9 1,6 | 1,1 0,8 1,6
40 < P <63 1,0 0,7 1,6 | 1,1 0,8 1,6 | 1,1 0,8 1,6 | 1,0 0,7 1,6
63 < P <100 0,9 0,65 | 1,6 | 1,0 0,8 1,6 | 1,0 0,8 1,6 | 0,9 0,7 1,6
100 < P < 160 0,8 0,6 1,6 | 0,9 0,7 1,6 | 0,9 0,7 1,6 | 0,8 0,6 1,6
160 < P\ < 250 0,75 | 0,55 | 1,6 | 0,8 0,6 1,6 | 0,8 0,6 1,6 | 0,8 0,6 1,6
250 < P <400 0,7 0,55 | 16 | 0,7 | 055 |16 | 0,7 | 0,55 | 1,6 | 0,7 | 0,55 | 1,6
400 < P <630 0,6 0,45 | 16 | 06 | 045 | 1,6 | 0,6 0,4 1,6 | 0,6 0,4 1,6

NOTE The values given are per unit 7
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Table 7 — External moment of inertia (J) for motors with type of protection

- 19—

'Ex eb — increased safety’

Number of poles 4
Frequency 50 60 50 60 50 60 50 60
Hz
Rated output Moment of inertia?
kW kg m?
0,12 0,006 0,005 0,037 0,027 0,101 0,076 0,207 0,155
0,25 0,012 0,009 0,066 0,050 0,183 0,137 0,375 0321
0,4 0,017 0,013 0,097 0,073 0,267 0,200 0,548 0,4[11
0,63 0,025 0,019 0,140 0,105 0,386 0,289 0,792 0,5p4
1,0 0,036 0,027 0,204 0,153 0,561 0,421 1,15 0,8p4
1,6 0,053 0,040 0,298 0,223 0,821 0,616 1,69 1,46
2,5 0,076 0,057 0,428 0,321 1,18 0,884 2,42 1,81
4,0 0,110 0,083 0,626 0,469 1,72 129 3,54 2,46
6,3 0,160 0,120 0,904 0,678 2,49 1,87 5,12 3,44
10 0,232 0,174 1,31 0,986 3,62 2,72 7,44 5,48
16 0,340 0,255 1,92 1,44 5,30 3,98 10,9 8,16
25 0,488 0,366 2,76 2,07 7,61 5,71 15,6 117
40 0,714 0,536 4,04 3,03 11,1 8,35 22,9 1711
63 1,03 0,774 5,84 4,38 16,1 12,1 33,0 2418
100 1,50 1,13 8,49 6,37 23,4 17,5 48,0 36(0
160 2,20 1,65 1244 9,32 34,2 25,7 70,3 52(7
250 3,15 2,36 17,8 13,4 491 36,9 101,0 75(7
400 4,61 3,46 26,1 19,6 71,9 53,9 148 111
630 6,66 5,00 37,7 28,3 104 77,9 213 160
NOTE 1 The values of the momeént.of inertia given are in terms of mr2 where m is the mass and r is the mlean
radius of gyration.
NOTE 2 Moment of inertiasis*defined in ISO 80000-4:2019, 4.7.
2 For intermediate andjhigher values, external moments of inertia shall be calculated according to the following
ormula from whigh the values in the table have been calculated:
- for 50 Hz¢motors J = 0,036P0:81)2.5
- for 60°Hz motors J = 0,027P0:81,2.5
where:
F—tstheextermatmomentof-mertra kg

P is the output in kW,

p is the number of pairs of poles.
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(informative)

Current and torque characteris

tics with locked rotor

The following statements describe the general time characteristics of current and torque during

direct online starting of cage induction motors.

a) Locked-rotor current versus time, see Figure A.1
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Figure A.1 — Locked-rotor current in multip
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b) Locked-rotor torque versus time, see Figure A.2

As tprque requires both, current and flux, and as the magnetic. field is zero before energi

the
com
with

of the current. After some 100 ms or some seconds) the torque oscillation will disappear
only|the constant locked-rotor torque will remain.

c) Change of locked-rotor torque with rotor p@sition, see Figure A.3
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Figure A.2 — Locked-rotor torque in multiples of rated torque versus time

stator winding, the peak inrush current does not cause a torque peak. However, the

the flux in the machine building up and then decreases with the decreasing DC compo
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Figure A.3 — Locked-rotor torque in cNm versus rotor position in °;
eftv’preferable number of rotor slots, right: less preferable number of rotor slots

As mentioned in 12.1, the locked-rotor torque depends on the rotor position. The reason for this
are interactions between spatial harmonics of the stator winding and of the rotor cage. How big
this dependency is, depends on the chosen number of rotor slots for given numbers of pole-
pairs and stator slots. The two measurement plots displaying the locked-rotor torque over rotor
position for a full revolution of the rotor show that the effect may be negligible in case of a
preferable number of rotor slots but may be significant in case of a less preferable choice. Worst
case would be choosing the same slot nhumbers in stator and rotor.
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d) Influence of motor temperature on locked-rotor torque, see Figure A.4
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torque over one rotor revolution might show a decre@asing mean value of the locked-rotor to

due

Ma max : 139,12 Ncm
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Figure A.4 — Locked-rotor torque in cNm versus rotop position in °

high current during a locked-rotor test may cause a significant temperature rise in &

the locked-rotor torque. This effect is the more significant the smaller the motor is.

to this temperature effect.

oth,
alue
The
otor
rque
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e) Additional considerations for star-delta starting, see Figure A.5
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Fijgure A.5 — Time-courses (in's) of rotational speed (upper left), torque (lower left),
phase voltage (upper right) and phase current (lower right) during a star-delta startfup
Starfing a motor that is desighed having a delta-connected stator winding at rated voltage |with
a stgr-connection of the.winding, will reduce the locked-rotor current and the locked-rotor tofque

by a factor of approximately 3. Also the peak inrush current described in item a) wi
ced by this factor. However, it should be considered that, when changing from sta

| be
- to
ccur
and-
rval
b|ta-

.{The

When reenergizing the stator winding, the voltage induced in the stator winding by the resi

rval.
dual

flux (see upper right time-course) and the supply voltage are differing in magnitude and in phase
which causes again an inrush phenomenon with peaks in current and torque that both can be
higher than the initial peaks at start up. Attention should be paid to the correct layout of the

wiring of the switches, particularly when reversing the rotation of the motor by swapping
phases.

two
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Annex B
(informative)

Correction method for test done on reduced voltage

A well-proven and more accurate method than correcting current proportional to the voltage
and torque proportional to the square of the voltage requires determining the rate of change of
current and torque with voltage by measuring locked-rotor current and locked-rotor torque for

diffe

rent values of voltage.

For
torq

For
tob
the

N
and

The

of the measured voltage-dependencies, i.e. by calculating the‘coefficients |, b}, at and by gi

the

Deppending on the motor, design, b, 2 1 and bt 2 2 hold. As plausibility criterion by = 25, sh
be met.
The[coefficient afy is the locked-rotor current at rated voltage and a;Ty is the locked-

torq

If at
func

h test voltage equal to or exceeding 90 % of the rated voltage, it is sufficient to correc
le with the square of the voltage and the current proportional to the voltage.

p corrected using saturation factors. The saturation factors are determined‘oh the bas
oltage-dependencies of locked-rotor torque and locked-rotor current 7)/T}\, = f(Uigst/ UN)

= f(Uiest/ Un) measured for at least three (preferably five) different voltages between 2
50 % (preferably 60 %) of the rated voltage.

saturation factors for current kg, and for torque kg 7 are obtained via a potential regres

pest fit between the measured values and the functions

h
U,
k) = a [—(;e < ]
N

e at rated/voltage.

least 50 % of the rated voltage is reached in the test, the coefficients of the extrapolz

the

voltages below 90 % of the rated voltage or to increase accuracy, current arid torque have

s of
and

0 %

sion

ving

B.1)

B.2)

ould

otor

tion

tions determined for stand-still can also be used for the voltage correction of the com

lete

torq

Ue-speedarnd CurTent=Speed CUTvVES:.
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Partie 12: Caractéristiques de démarrage des moteurs triphasés
a induction a cage a une seule vitesse
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AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comqg
e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEG avpour obj
voriser la coopération internationale pour toutes les questions de normalisation dans fes’ domaing
lectricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Nofmes internation
bs Spécifications techniques, des Rapports techniques, des Spécifications accessibles au*public (PAS) ¢
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des ‘comités d'études
Bvaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisg
ternationales, gouvernementales et non gouvernementales, en liaison avec IlEC) participent égalemen
bvaux. L'IEC collabore étroitement avec I'Organisation Internationale decNormalisation (ISO), selor]
nditions fixées par accord entre les deux organisations.

bs décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesu
bssible, un accord international sur les sujets étudiés, étant donné que’l€ssComités nationaux de I'lEC intérg
nt représentés dans chaque comité d'études.

bs Publications de I'lEC se présentent sous la forme de regcommandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous lesefforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses publigations; I'lEC ne peut pas étre tenue responsab
ventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ans le but d'encourager l'uniformité internationale, les)Comités nationaux de I'lEC s'engagent, dans to
esure possible, a appliquer de fagon transparente/les Publications de I'lEC dans leurs publications natio

régionales. Toutes divergences entre toutes\Publications de I'lEC et toutes publications nationalg
gionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen
urnissent des services d'évaluation del\conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifig
dépendants.

bus les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Licune responsabilité ne doit'étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandat
compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
bur tout préjudice causé.en cas de dommages corporels et matériels, ou de tout autre dommage de qu
hture que ce soit, dirécte’ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép4
bcoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
 au crédit qui lGi.est accordé.

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
férencées est obligatoire pour une application correcte de la présente publication.

IEC attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisation
i de plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité dg
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d'avertir les responsables de la mise en application du présent document que des informations plus récentes
sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.iec.ch.
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié tout ou partie de tels droits de propriété.

L'IEC 60034-12 a été établie par le comité d'études 2 de I'lEC: Machines tournantes. Il s'agit
d'une Norme internationale.

Cette quatrieme édition annule et remplace la troisiéme édition parue en 2016. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

Article ou Modification
paragraphe
Tableau 6 Aligné sur les exigences du CE 31, GT 27, concernant les moteurs antidéflagrants
12 Nouvel article relatif aux méthodes de mesure du courant et du couple a rotor bloqué
Annexe A Nouvelle annexe informative relative aux caractéristiques générales de courant et de
couple a rotor bloqué
Annexe B Nouvelle annexe informative relative a la correction de la tension et de la fréquence

Le t¢xte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
2/2132/CDV 2/2150A/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La

angue employée pour I'élaboration de cette Norme internationale est I'anglais.

Ce document a été rédigé selon les Directives ISO/IECy Partie 2, il a été développé selon les
Directives ISO/IEC, Partie 1 et les Directives ISOHEC, Supplément IEC, disponibles $ous
www.iec.ch/members_experts/refdocs. Les principaux types de documents développés| par
I'"EQ sont décrits plus en détail sous www.iec.ch/publications/.

Unelliste de toutes les parties de la série ¥EC 60034, publiées sous le titre général Machlines
électriques tournantes, se trouve sur le site web de I'lEC.

Le cpmité a décidé que le contenu_de ce document ne sera pas modifié avant la date de stabilité
indiquée sur le site web de I'lEC sous webstore.iec.ch dans les données relatives au document
rechierché. A cette date, le document sera
e rneconduit,

e gupprimé, ou

e révise.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de(ce
document indique qu'il contient des couleurs qui sont considérées comme utiles a Une
bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer ce document en utilisant une imprimante couleur.
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MACHINES ELECTRIQUES TOURNANTES -

Partie 12: Caractéristiques de démarrage des moteurs triphasés
a induction a cage a une seule vitesse

1 Domaine d'application

La Jprésente partie de I'lEC 60034 spécifie les parameétres de huit conceptions| de
caractéristiques de démarrage de moteurs triphasés a induction a cage a une seulewit¢sse
fonctionnant a 50 Hz ou 60 Hz conformes a I'lEC 60034-1, qui:

— 9nt des tensions assignées jusqu'a 1 000 V;
— gont prévus pour démarrage direct ou étoile-triangle;
— gont dimensionnés pour le service type S1;

— peuvent avoir n'importe quel degré de protection tel qu'il est défini dans I'lEC 600345 et
ihcluant les protections contre les explosions.

Ce fdocument s'applique également aux moteurs bitensiofda condition que le niveay de
saturation du flux soit le méme aux deux tensions.

Les |valeurs de couple, de puissance apparente et Jde courant données dans le présent
docyment sont des valeurs limites (c'est-a-dire minimales ou maximales sans tolérance).

NOTE 1 Les constructeurs ne sont pas tenus de fabriquer des machines correspondant a ces huit conceptions. Le
choix] d'une conception spécifique répondant au présént"document fera I'objet d'un accord entre le constructgur et
son dlient.

NOTE 2 Des conceptions autres que les huit’spécifiées peuvent s'avérer nécessaires pour des applicgtions
partiqulieres.

NOTE 3 Les valeurs données dans lés-catalogues des constructeurs peuvent inclure des tolérances conformes a
I'EC|60034-1.

NOTE 4 Les valeurs calculées pour la puissance apparente a rotor bloqué sont fondées sur les courants a|rotor
blogyé en régime établi symetriques en valeur efficace. Le démarrage du moteur entraine des pics de courants
asymlétriques transitoires dans toute I'alimentation, appelés courants d'appel, dont la valeur peut fluctuer entrie 1,8
et 2,8 fois la valeur a rotor-bloqué en régime établi. La créte de courant et le temps de descente dépendent |de la
concgption du moteur,_et-de I'angle de commutation. Des effets semblables peuvent se produire lors du passage du
fonctlonnement en €étaite au fonctionnement en triangle. Une description plus détaillée est fournie a I'Annexe A.

Les méthodes/d'essai décrites a I'Article 12 peuvent également étre appliquées aux moteyrs a
induction-'a cage qui n'entrent pas dans le domaine d'application du présent docunjent.
Toulefois; des précautions particuliéres doivent étre prises dans de tels cas afin d'empéchgr la
surchauffe du stator ou de I'enroulement du rotor, selon la méthode concréte et les paramétres
choisis.

2 Reéférences normatives

Les documents suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
I’édition citée s’applique. Pour les références non datées, la derniére édition du document de
référence s'applique (y compris les éventuels amendements).

IEC 60034-1:2022, Machines électriques tournantes — Partie 1: Caractéristiques assignées et
caractéristiques de fonctionnement
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IEC 60034-5:2020, Machines électriques tournantes — Partie 5: Degrés de protection procurés
par la conception intégrale de machines électriques tournantes (code IP) — Classification

IEC 60034-30-1:2014, Machines électriques tournantes — Partie 30-1: Classes de rendement
pour les moteurs a courant alternatif alimentés par le réseau (code IE)

IEC 60079-7:2015, Atmospheres explosives — Partie 7: Protection du matériel par sécurité
augmentée "e"
IEC 60079-7:2015/AMD1:2017

ISO [80000-472019, Grandeurs et umites — Partic & Mecamique

3 [Termes et definitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utiligées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse https://www.iso.org/obp

3.1
couple assigné
Ty
couple que développe le moteur sur son bout d'arbre d'entrainement aux puissance et vit¢sse
assignées

[SOURCE: IEC 60050-411:1996, 411-48-05]

3.2
couple a rotor bloqué
T
couple mesuré le plus faibleyque développe le moteur sur son bout d'arbre d'entrainement,
quand son rotor est maintenu bloqué, quelle que soit sa position angulaire et qu'il est alimgnté
a tension et fréquencetassignées

[SOURCE: IEC 60050-411:1996, 411-48-06]

3.3

couple minimal pendant le démarrage

Tu

Valn wila nhiie faihla A caninlg acvnechrang an rdaima Atahli anig la mataur dAvaglanng ant e |a
< T T Proau TartoT oo Al SRS A AL Tir L LLEELIAS A" LLLEA 4 T oo o Toor TV TOP PO orTe

vitesse nulle et la vitesse qui correspond au couple de décrochage lorsque le moteur est
alimenté a la tension et a la fréquence assignées

[SOURCE: IEC 60050-411:1996, 411-48-42, modifié — Les notes 1 et 2 a l'article ont été
modifiées.]

Note 1 a l'article: Cette définition ne s'applique pas aux moteurs dont le couple diminue de maniére continue quand
la vitesse augmente.

Note 2 a l'article: En plus des couples asynchrones en régime établi, les couples synchrones harmoniques, qui
dépendent de l'angle de charge du rotor, seront présents & certaines vitesses. A de telles vitesses, le couple
d'accélération peut étre négatif pour certains angles de charge de rotor. L'expérience et les calculs montrent qu'il
s'agit d'une condition de fonctionnement instable. C'est pourquoi les couples synchrones harmoniques n'empéchent
pas l'accélération du moteur et sont exclus de la présente définition.
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couple de décrochage

Ty

valeur maximale du couple asynchrone en régime établi développé par le moteur sans chute
brutale de la vitesse lorsque le moteur est alimenté a la tension et a la fréquence assignées

[SOURCE: IEC 60050-411:1996, 411-48-43, modifié — Les notes 1 et 2 a l'article ont été

mod

Note

ifiees.]

1 al'article: Cette définition ne s'applique pas aux moteurs dont le couple diminue de maniére continue q

la vitesse augmente

uand

3.5

puigsance de sortie assignée

Py
vale

Note
3.1e

3.6

tengion assignée

Un
vale

Note

3.7

puigsance apparente rotor bloqué

S
puis
assi

[SO
sonf]

3.8
cou
I,

couf
les g

ur de la puissance de sortie incluse dans les caractéristiques assignées

1 a l'article: Les termes valeur assignée et caractéristiques assignées sont définis dans I'lEC 60034-1:
3.2 (voir aussi I'lEC 60050-411:1996, 411-51-23 et 411-51-24).

ur de la tension incluse dans la fréquence assignée

1 a l'article: Les termes valeur assignée et caractéristiques~assignées sont définis dans I'lEC 60034-1:
3.2 (voir aussi I'lEC 60050-411:1996, 411-51-23 et 411-51-24).

gnées aprés que les courants d'appéel sont descendus a un systéme de courant symétr

JRCE: IEC 60050-411:1996,411-48-49, modifié — ajout de "aprés que les courants d'a
descendus a un systéme.de courant symétrique".]

rant a rotor bloqué

ant avec leumoteur maintenu a l'arrét a la tension et a la fréquence assignées apres
ourants d'appel sont descendus a un systéme de courant symétrique

Symboles

022,

022,

sance apparente d'entrée, avec le moteur maintenu a l'arrét a la tension et a la fréqugnce

que

ppel

que

Courant a rotor bloqué

Moment d'inertie extérieur

Moment d'inertie du moteur soumis a l'essai

Vitesse de rotation
Nombre de paires de péles
Puissance aux bornes du moteur pendant la méthode d'essai c) en 12.3.4

Puissance aux bornes du générateur pendant la méthode d'essai a) en 12.3.2
Pertes fer du moteur pendant la méthode d'essai c) en 12.3.4

Pertes 12R du moteur pendant la méthode d'essai c) en 12.3.4
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Pertes totales du générateur pendant la méthode d'essai a) en 12.3.2
Puissance de sortie assignée

Puissance apparente rotor bloqué

Couple assigneé

Couple a rotor bloqué

Couple minimal pendant le démarrage

Couple de décrochage

5.1

Les

Couple de frottement et de pertes par ventilation du moteur pendant la méth
d'essai c) en 12.3.4

Tension assignée

Désignation

Généralités

5.2 &4 5.7. Les lettres utilisées pour spécifier les différentes conceptions sont:

N:

H:
Y:
E

5.2

couple de démarrage normal.
couple de démarrage élevé.
démarrage étoile-triangle.

moteurs utilisant des valeurs étendues . /[‘supérieures de la puissance apparente ¢
courant a rotor bloqué pour obtenir des classes de rendement IE3 ou
conformément a I'lEC 60034-30-1,

Moteurs de conception N

Motgurs triphasés a induction a cage a couple de démarrage normal prévus pour démar

dire
160

5.3

Mot

't a2 2, 4, 6 ou 8 pbles, ayec des puissances assignées comprises entre 0,12 kV
0 KW.

Moteurs de conception NE

apparente a rotdr -bloqué supérieure a celle des moteurs de conception N, prévus
démiarrage dirécta 2, 4, 6 ou 8 pdles, avec des puissances assignées comprises entre 0,12
et 11600 kW(

5.4

Moteurs de conception NY et NEY

ode

moteurs congus selon le présent document sont classés conformément aux paragraphes

tdu
plus

rage
V et

urs triphasés (a induction a cage a couple de démarrage normal ayant une puissgance

bour
kw

Moteurs analogues a ceux de conception N ou NE respectivement, mais qui sont prévus pour
démarrage étoile-triangle. Pour ces moteurs en couplage étoile, les valeurs minimales de 7} et

T, sont égales a 25 % des valeurs indiquées pour la conception N ou NE, respectivement (voir
Tableau 1).

5.5

Moteurs de conception H

Moteurs triphasés a induction a cage a couple de démarrage élevé a 4, 6 ou 8 pbles, prévus
pour démarrage direct, avec des puissances assignées comprises entre 0,12 kW et 160 kW a
une fréquence de 60 Hz.
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5.6 Moteurs de conception HE

Moteurs triphasés a induction a cage a couple de démarrage élevé ayant une puissance
apparente a rotor bloqué supérieure a celle des moteurs de conception H, avec 4, 6 ou 8 pdéles,
prévus pour démarrage direct, avec des puissances assignées comprises entre 0,12 kW et
160 kW a une fréquence de 60 Hz.

5.7 Moteurs de conception HY et HEY

Moteurs analogues a ceux de conception H ou HE respectivement, mais qui sont prévus pour
démarrage étoile-triangle. Pour ces moteurs en couplage étoile, les valeurs minimales de 7| et

T, sjant égales a 25 % des valeurs indiquées pour la conception H ou HE, respectivement {voir
Tableau 5).

6 Exigences pour les moteurs de conception N

6.1 | Caractéristiques de couple

Le cpouple de démarrage est représenté par trois caractéristiques. Ces,caractéristiques doivent
étre| conformes aux valeurs appropriées données dans le Tableau 1 ou le Tableau 6.|Les
valeprs données dans le Tableau 1 et le Tableau 6 sont des yaleurs minimales a la tension
assignée. Des valeurs plus élevées sont autorisées.

Le douple du moteur a n'importe quelle vitesse entre la, vitesse nulle et celle pour laquelle le
couple de décrochage se produit ne doit pas étre inférieur a 1,3 fois le couple obtenu a partir
d'une courbe variant avec le carré de la vitesse et‘etant égale au couple assigné a la vit¢sse
assigjnée. Cependant, pour les moteurs a 2 pdles a type de protection "Ex eb — sécprité
augmentée" ayant une puissance de sortie assighée supérieure a 100 kW, le couple du mqteur
a n'importe quelle vitesse entre la vitesse nulle et celle pour laquelle le couple de décrochage
se produit ne doit pas étre inférieur a 1,3 fois le couple obtenu a partir d'une courbe variant
aveg le carré de la vitesse et étant égale~a' 70 % du couple assigné a la vitesse assignée. Pour
les moteurs a type de protection Ex eb', les trois couples caractéristiques doivent |étre
conformes aux valeurs appropriées données dans le Tableau 6.

NOTE Le facteur 1,3 a été choisispour tenir compte d'une chute de tension de 10 % de la tension assigné¢ aux
borngs du moteur pendant la période‘d'accélération.

6.2 | Courant et puissance apparente a rotor bloqué

La puissance apparente a rotor bloqué ne doit pas étre supérieure a la valeur appropriée
donmée dans le-Tableau 2. Les valeurs données dans le Tableau 2 sont indépendantes du
nomppre de poles et sont des valeurs maximales a la tension assignée. Pour les moteurs a ftype

de protection/"e", la puissance apparente a rotor bloqué doit étre conforme aux valpurs
applopriées spécifiées dans I'lEC 60079-7.

Le
conformément a:

qué

L'avantage de la spécification de S,/Py au lieu de I/l est que le courant & rotor bloqué peut

étre calculé a partir de la puissance assignée et de la tension assignée seulement, ce qui
n'exige pas de connaitre le courant assigné, qui dépend de grandeurs comme le facteur de
puissance et le rendement, qui ne sont pas habituellement connues aux stades précoces d'un
projet.
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6.3 Exigences de démarrage

Les moteurs doivent étre capables d'assurer deux démarrages successifs (avec retour a l'arrét
entre les démarrages) a partir de I'état froid et un démarrage a partir de I'état chaud aprés avoir
fonctionné au régime assigné. Le couple résistant d0 a la charge entrainée sera dans chaque
cas proportionnel au carré de la vitesse et égal au couple assigné a la vitesse assignée avec
les moments d'inertie extérieurs donnés dans le Tableau 4 ou le Tableau 7.

Dans chaque cas, un démarrage supplémentaire n'est permis que si la température du moteur
avant le démarrage ne dépasse pas la température d'équilibre a la charge assignée.
Cependant, pour les moteurs a 2 pbles a type de protection "Ex eb — sécurité augmentée" ayant
une |puissance de sortie assignée supérieure a 100 kW, le couple résistant d0 a la charge
entrainée est proportionnel au carré de la vitesse et égal a 70 % du couple assigné a la vitésse
assignée, avec les moments d'inertie extérieurs donnés dans le Tableau 7. <Apréq ce
démiarrage, la charge avec couple assigné est possible.

Il convient d'admettre que le nombre de démarrages soit réduit le plus possible puisque cpux-
ci affectent la durée de vie du moteur.

7 Exigences de démarrage pour les moteurs de conception NE

Les lexigences de démarrage sont les mémes que pour les moteurs de conception N, excepté
que |les limites pour la puissance apparente a rotor bloquétdans le Tableau 3 s'appliquent| car
les yaleurs croissantes du rendement exigent des valeurs physiquement croissantes pour la
puispance apparente a rotor bloqué.

8 Exigences de démarrage pour les moteurs de conception NY et NEY

Les |exigences de démarrage sont les mémes que pour les moteurs de conception N ou[NE,
respectivement. Cependant, un couple-résistant réduit est nécessaire, car le couplg de
démjarrage en 'couplage étoile' peut étre insuffisant pour accélérer certaines charges ajune
vitegse acceptable.

Il convient d'admettre que le:nombre de démarrages soit réduit le plus possible puisque cpux-
ci affectent la durée de vie du moteur.

9 Exigences pourles moteurs de conception H

9.1 | Couplel{de démarrage

Le cpuplesde démarrage est représenté par trois caractéristiques. Ces caractéristiques doivent
étre|conformes aux valeurs appropriées données dans le Tableau 5. Ces valeurs sont|des
valeprsvminimales a la tension assignée. Des valeurs plus élevées sont autorisées.

9.2 Courant et puissance apparente a rotor bloqué

La puissance apparente a rotor bloqué ne doit pas étre supérieure a la valeur appropriée
donnée dans le Tableau 2. Les valeurs données dans le Tableau 2 sont indépendantes du
nombre de pbles et sont des valeurs maximales a la tension assignée.

Le courant a rotor bloqué est calculé a partir de la puissance apparente a rotor bloqué
conformément a la formule donnée en 6.2.

9.3 Exigences de démarrage

Les moteurs doivent étre capables d'assurer deux démarrages successifs (avec retour a I'arrét
entre les démarrages) a partir de I'état froid et un démarrage a partir de I'état chaud aprés avoir
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fonctionné au régime assigné. Le couple résistant di a la charge entrainée est supposé
constant et égal au couple assigné quelle que soit la vitesse, avec des moments d'inertie
extérieurs de 50 % des valeurs données dans le Tableau 4.

Dans chaque cas, un démarrage supplémentaire n'est permis que si la température du moteur
avant le démarrage ne dépasse pas la température d'équilibre a la charge assignée.

Il convient d'admettre que le nombre de démarrages soit réduit le plus possible puisque ceux-
ci affectent la durée de vie du moteur.

10 Exigences de démarrage pour les moteurs de conception HE

Les lexigences de démarrage sont les mémes que pour les moteurs de conception H; excepté
que |les limites pour la puissance apparente a rotor bloqué dans le Tableau 3 s'appliquent| car
les yaleurs croissantes du rendement exigent des valeurs physiquement croissantes pour la
puispance apparente a rotor bloqué.

11 Exigences de démarrage pour les moteurs de conception-HY et HEY

Les |exigences de démarrage sont les mémes que pour les mobteurs de conception H ou(HE,
respectivement. Cependant, un couple résistant réduit est_ nécessaire, car le couplg de
démjarrage en 'couplage étoile' peut étre insuffisant pourXaccélérer certaines charges ajune
vitegse acceptable.

Il convient d'admettre que le nombre de démarrages. soit réduit le plus possible puisque cpux-
ci affectent la durée de vie du moteur.

12 pPétermination du courant et du couple par mesurage

12.1 Courant a rotor bloqué et couple a rotor bloqué

Danp la mesure du possible, leteourant a rotor bloqué doit étre mesuré a la tension et|a la
fréguence assignées, étant-donné que le courant n'est pas directement proportionnel |a la
tensfon en raison de variatioens de réactance dues a la saturation des lignes de fuite. Sicela
est impossible, voir 12,4;

Le couple a rotor _bloqué peut par exemple étre mesuré avec une graduation ou un capteyr de
force en utilisant.un frein ou un bras de charge. Il peut aussi étre directement mesuré a I'nide
d'un|capteur.de couple en ligne ou étre déterminé a partir de la puissance électrique absofbée
en (tilisant\la’Formule (5). En fonction du nombre choisi d'encoches rotoriques, le couple a
rotof bloqué des moteurs a induction a cage est soumis a des variations qui dépendent de la
positior angulaire du rotor par rapport au stator. Si un nombre préférable d'encoches rotoriques
est thoisi-suivanttexpérionce-du-constructeur—i-est-d'uysage-de-bloguerleroterdunr-metaur a
induction a cage dans n'importe quelle position pratique ou de mesurer les valeurs de courant
et de couple avec le rotor tournant a trés faible vitesse, c'est-a-dire a une vitesse inférieure a
2 % de la vitesse assignée.

12.2 Couple de décrochage

Le couple de décrochage peut étre mesuré en chargeant le moteur, qui démarre sans charge,
avec un couple de charge qui augmente. Le couple de charge atteint lorsque le moteur
commence a perdre rapidement de la vitesse est le couple de décrochage.

En variante, les valeurs de couple minimal pendant le démarrage et de couple de décrochage
peuvent étre mesurées pendant I'accélération, lors du passage de la vitesse en marche arriere
a la vitesse sans charge (voir méthode c), ci-dessous), a condition que l'inertie de la machine
sous charge ou le couple de charge soit suffisamment élevé. "Suffisamment élevé" signifie que,
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