IEC 60034-1:2022-02 RLV(en)

IEC 60034-1

INTERNATIONAL
STANDARD

Edition 14.0 2022-02
REDLINE VERSION

Rot
Par

ating electrical machines —
t 1: Rating and performance

R
q/‘l/
P>
b‘,'\’ @ ol
Q‘b
bQ
O
&
o



https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2022 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC

Secretariat

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland
About|the IEC
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and.publishes

Intern

About
The t¢
latest

IEC pu
The a
variety|
commi
and wi

IEC publications

blications search - webstore.iec.ch/advsearchform
vanced search enables to find IEC publications by a

of criteria (reference number, text, technical
tee, ...). It also gives information on projects, replaced
hdrawn publications.

tional Standards for all electrical, electronic and related technologies.

IEC Products & Services Portal- products.iec.ch
Discover our powerful search .engine and read freely
publications previews. With~a subscription you will
have access to up to daté)content tailored to your need

Electropedia - wivw.€lectropedia.org

ichnical content of IEC publications is kept under constant review by the IEC. Please make Sure that you hgve the
edition, a corrigendum or an amendment might have been published.

all the
hlways
5.

IEC Jyst Published - webstore.iec.ch/justpublished The world's leading online dictionary on electrotechfology,
Stay uUp to date on all new IEC publications. Just Published  ¢ontaining mere-than 22 300 terminological entries in English
details| all new publications released. Available online and

once 3

month by email.

IEC Cuyistomer Service Centre - webstore.iec.ch/csc

If you
need f
Centre

wish to give us your feedback on this publication or
irther assistance, please contact the Customer Service
[ sales@iec.ch.

and French, with equivalent terms in 19 additional languages.

Also krniown as the International Electrotechnical Voc
(IEVY online.

hbulary



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 60034-1

Edition 14.0 2022-02
REDLINE VERSION

INTERNATIONAL
STANDARD

.' colour
inside
Rofating electrical machines —

Part 1: Rating and performance

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 29.160.01 ISBN 978-2-8322-1082-6

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

-2- IEC 60034-1:2022 RLV © IEC 2022

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 7
1o o 1= S 10
NOIMALtIVE FEFEIENCES ...ttt e e e ees 10
Terms and defiNifioNS ... e 12
3 18
4.1 Declaration Of dULY .. .c.. e 18
4.p | DIV Y2 37 < L=X Y ...18
(1.2.1 Duty type S1 — Continuous running duty ..........ccoiiiiiiiiiiiii N ...18
1.2.2 Duty type S2 — Short-time duty ..o .19
1.2.3 Duty type S3 — Intermittent periodic duty ..........ccoooiiiiiiiin bt e, ...20
1.2.4 Duty type S4 — Intermittent periodic duty with starting............0. ... .21
1.2.5 Duty type S5 — Intermittent periodic duty with electric braking.................... .22
1.2.6 Duty type S6 — Continuous operation periodic duty.....cu oo, .24
1.2.7 Duty type S7 — Continuous operation periodic duty with electric braking ....|...25

1.2.8 Duty type S8 — Continuous operation periodic duty,with related
load/speed changes.........ccoooiviiiiiiiii S ...26
1.2.9 Duty type S9 — Duty with non-periodic load and speed variations .............. .27
1.2.10 Duty type S10 — Duty with discrete constant loads and speeds.................. .28
RATING . e O Y 31
5/ ASSIgNMENT OF FatiNg ... S e e .31
5.p Classes Of rating ... T .31
5.2.1 Rating for continuous running \duty ...........cccooiiiiiiiii .31
p.2.2 Rating for short-time dutys s . .31
b.2.3 Rating for periodic dutyd .. .. .31
b.2.4 Rating for non-periodic duty........ccociiiiiiiii i ... 31
b.2.5 Rating for duty.with discrete constant loads and speeds............................ ...32
b.2.6 Rating for equivalent 0ading ..........ccoooiiiiiiiii ...32
5B Selection of @a€lass of rating ..o .32
54 Allocation af outputs to class of rating..........cooviiiiiiiii .32
5pb Rated QUL ... ...33
b.5.1 B gENErators ... ...33
5.5.2 G2 [=Y 011 = (] - TP ...33
b.5.3 1170 €] ...33
b.5/4 Synchronous-cendensers COMPENSAtOrS it i iiiieiee e eeee e ...33
5.6 | XY L=Te V2] | - =3P 33
5.6.1 DO o T=T o =T = | (o] - T PP 33
5.6.2 F O o =Y =] = ) (o] = PP 33
5.6.3 O 1 410} o = 33
5.7 Co-ordination Preferred combination of voltages and outputs...............coooiiiinni. 33
5.8 Machines with more than one rating ..o, 34
SItE CONAItIONS - e 34
6.1 (=Y o LY - | P PPN 34
6.2 AU e e 34
6.3 Maximum ambient air temperature ... 34
6.4 Minimum ambient air temperature ....... ... 34

6.5 Water coolant temperature. ... 35


https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 60034-1:2022 RLV © |IEC 2022 -3-

6.6 Standstill, storage and transport ..o
6.7 Purity of hydrogen coolant ...
7 Electrical operating conditions ..........couiiiiiiii
7.1 Bl CtriCal SUPPIY e e
7.2 Form and symmetry of voltages and currents .............ccooviiiiiiii i,
7.2.1 O 1 410} o ] =
7.2.2 F O o [ =T = 1 (o] =
7.2.3 Synchronous Machines ... ..o
7.2.4 DC motors supplied from static power converters .............ooooiiiiiiiiiiiinin...
7.B Voltage during starting of AC MoOtors.......ccoviviiiiiii e N
7.4 Voltage and frequency variations during operation...............oooiiii et
7.p Three-phase AC machines operating on unearthed systems ................& ..
7.p Voltage (peak and gradient) withstand levels .............coooiiiiiiii i e
8 [hermal performance and tests ... ... M
8. Thermal Class .....o.oveiieii e N
8.p Reference coolant...........oooiiiii e O
8.B Conditions for thermal tests .........cooiiiiiiiii T
8.3.1 Electrical supply - N
B.3.2 Temperature of machine before test ............c.. N
8.3.3 Temperature of coolant............o i S
3.3.4 Measurement of coolant temperature dining test .............oooiiiiiiiinnn.
8.¢ Temperature rise of a part of a machine... (...
8.p Methods of measurement of temperature ...
B.5.1 General ..o
B.5.2 Resistance method ... ...
B.5.3 Embedded temperature detector (ETD) method ...........ccoiiiiiiiiiiiieenn.
B8.5.4 Thermometer method. . .. . e
8.p Determination of windingMemperature ...,
B.6.1 Choice of MEtROE ... ... oo
B.6.2 Determination-by resistance method ...
3.6.3 Determination by ETD method ..o,
B.6.4 Determination by thermometer method ...
8.F Duration of thermal tests ... ...
B.7.1 Rating for continuous running duty .........ccocoiiiiiiiii
B.7.2 Rating for short-time duty ...
B.7.3 Rating for periodic dUty.......ccooiiiiii e
B4 Ratings for non-periodic duty and for duty with discrete constant loads .....
8.8 Determination of the thermal equivalent time constant for machines of
AUEY Y P SO
8.9 Measurement of bearing temperature.............oooiiiiiiiii
8.10 Limits of temperature and of temperature rise ...
8.10.1 L= a1 =Y PPN
8.10.2 Indirect cooled WINAINGS . ...
8.10.3 Direct cooled WiNAiNgS . ..o
8.10.4 Adjustments to take account of hydrogen purity ontest .............cocooiiinni.

8.10.5 Permanently short-circuited windings, magnetic cores and all structural
components (other than bearings) whether or not in contact with

INSULA I ON <. e s

8.10.6 Commutators and sliprings, open or enclosed and their brushes and

DrUS A . e


https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

-4- IEC 60034-1:2022 RLV © IEC 2022

9  Other performance and teSES ... i 58
9.1 ROUIING 1SS . e 58
9.2 Withstand voltage teSt. . ..o 60
9.3 Occasional eXCeSS CUIMENT ... o 64

9.3.1 GBNEIAL . 64
9.3.2 LT 1= = Lo (= 64
9.3.3 Motors (except commutator motors and permanent magnet motors) .............. 64
9.3.4 Commutator MaChINES ... coun e 64
9.4 Momentary excess torque for Motors ........coooiiiiiiiii 64
D.4.1 Polyphase induction motors and DC motors.........ccccceevviiiiiiieiieiieeeeen A ...64
D.4.2 Polyphase synchronous motors .........oooeiiiiiiiiii A ...65
D.4.3 Other MOTOIS .o e e ...65
9.b Pull-up torque and locked-rotor torque for cage induction motors with.direct
oNliNg Starting .....oeieiii e S ...65
9.6 Safe operating speed of cage induction motors ... ...65
9.7 OVEISPEEA ..o Y e ...066
9.8 Short-circuit current for synchronous machines............. .\, ...67
9.p Short-circuit withstand test for synchronous machines~...7.......ccocooinn. ...67
9.10 Commutation test for commutator machines..........s8( i ...68
9.11  Total harmonic distortion (THD) for synchronoussmachines ..............cccoceveennn. ...68
D.11.1 GENEIAL .. e ...68
D.11.2 LimitS oo L Y ...68
D.11.3 LIS £ T PPN ...68
9112 Protective earth test. ... ...68
9.13 Measurement of insulation resistapnce and polarization index of winding
1 ET 1= 4 T o ...69
9.14  Shaft-vollage teSt. ... e N T e ...70

10 [nformation requirements ... ..ol o e ...70
(I I B =Y o = - Y R ...70
10.2  Product documentation ... ... e ...70
10.3  RaAtiNG Plate .ot teei i ...70
10.4 Marking Information content.. ... .. 71

10.4.1 GBNAIAD ..o .12
10.4.2 Minimum information requirements ... 12
10.4.3 AN AC MACHINES ..o .73
10.44 Al DC MaChINES ..o e ... 74
104,5 Machines over 5 kW (or 5 kVA) rated output.........ccoooviiiiiiiiien ... 74
0746 Optiomatimformation e 74

11 Miscellaneous reqUIrEMENtS ... .. i 74
11.1  Protective earthing of machines ..., 74
T1.2  Shaft-@Nd KEY(S) cruiiiiiiiii e e e 76

{2 o] 11 = (o1 =T S PP 76
22 O 7= o =1 = S 76
12.2 Tolerances on values of quantities ..........ccooiiiiiii i 76

13 Electromagnetic compatibility (EMC) ... 78
L I 7= o 1Y = S 78
T3 2 MUY Lo e e e e e e e 79

13.2.1 Machines not incorporating electronic Circuits...........ccoooeiiiiiiiiiiiiinien 79

13.2.2 Machines incorporating electronic CirCuits............ccooviiiiiiiiii, 79


https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 60034-1:2022 RLV © |IEC 2022 -5-

13,8 MO S 0N oo 79

134 IMMUNITY 1E TS i 79

13.5  EMIiSSION MeEaSUIrEmMENTS oo e 79
14  Safety Application reqUIrEMENTS .. ..o 79
Annex A (informative) Guidance for the application of duty type S10 and for
establishing the value of relative thermal life expectancy TL ...........cccooiiiiiiiiiiiiiiee, 81
Annex B (informative) Electromagnetic compatibility (EMC) limits .............cooiiiiiiiins 82
BB O G AP Y . e 83
Figune 1 — Continuous running duty — Duty type S1.....ciiiiii e .19
Figude 2 — Short-time duty — Duty type S2......coiii e S ...20
Figude 3 — Intermittent periodic duty — Duty type S3.......cooiiiii O .21
Figune 4 — Intermittent periodic duty with starting — Duty type S4..................0 . ...22
Figune 5 — Intermittent periodic duty with electric braking — Duty type S5...c..0cceiiniinnni.. .23
Figude 6 — Continuous operation periodic duty — Duty type S6 ..........cvdueeeiiiiiinini, .24
Figude 7 — Continuous operation periodic duty with electric braking~-Duty type S7 .......... ...25
Figune 8 — Continuous operation periodic duty with related load/speed changes — Duty
1477 0 L= 3 P P .27
Figune 9 — Duty with non-periodic load and speed variations’— Duty type S9..................... ...28
Figude 10 — Duty with discrete constant loads — Duty{ype S10 ..o ...30

Figuje 11 — Voltage and frequency limits forxmotors and for generators except
genefators or synchronous compensatorsiwwithin the scope of IEC 60034-3 and hydro
genefators within the scope of IEC B0Q34-33 .. ... i .42

Figune 12 — Worst case increase in.fémperature rise (A¢) and recommended reduction
of ouftput power (AP) of motors ag-a function of the combined change of voltage and

frequency |AQ| (indicative guidetine to users of motors and generators only) .................... ...42
Figure 13 — Factor K for detefmining RPpE [\ --o-vvoovveiiiiiiiii ...69
Tablg 1 — Preferred'voltage ratings ..o .34
Tabl¢ 2 — Unbalanced operating conditions for synchronous machines ............................. ...38
Tablg 3 — CEC/symbol designation..........cooiiii i ...39
Tablg 4.~ Primary functions of Machines...........cccoiiiiiii e .41
Table_ 5= Reference coolant (see also Tahle 11) .44
Table 6 — Time INTEIVAL ... e 48
Table 7 — MeasUNNG POINTS ..o e e e e e ee e enen 50
Table 8 — Limits of temperature rise of windings indirectly cooled by air...............cc.ooovnenn. 52
Table 9 — Limits of temperature rise of windings indirectly cooled by hydrogen ..................... 53
Table 10 — Adjustments to limits of temperature rise at the operating site of indirect

cooled windings to take account of non-reference operating conditions and ratings .............. 54
Table 11 — Assumed maximum ambient temperature ... 55

Table 12 — Adjusted limits of temperature rise at the test site (Af1) for windings
indirectly cooled by air to take account of test site operating conditions.........................ollL 56

Table 13 — Limits of temperature of directly cooled windings and their coolants .................... 57



https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

-6- IEC 60034-1:2022 RLV © IEC 2022

Table 14 — Adjustments to limits of temperature at the operating site for windings
directly cooled by air or hydrogen to take account of non-reference operating

CONAItIONS AN FAEINGS .ot 57
Table 15 — Adjusted limits of temperature at the test site &1 for windings directly

cooled by air to take account of test site operating conditions ...l 58
Table 16 — Minimum routine tests for machines assembled and tested in the factory of

the MaNUTaCIUI e . e 59
Table 17 — Withstand voltage teStS ... e 62

Table 18 — Test voltage factors for machines with an assigned Impulse Voltage

i ..63
Tabl¢ 19 — Maximum safe operating speed (min—1) of three-phase single-speed cage
indugtion motors for voltages up to and including 1 000 V........coooiiiiiiiiii ...66
Tablg 20 — OVEISPEEOAS ..uieiiii i T aas ...67
Tablg 21 — Cross-sectional areas of earthing conductors ............ccooiviip o Mo, ...76
Tablg 22 — Schedule of tolerances on values of quantities ....................N . LLT7
Tabl¢ B.1 — Electromagnetic emission limits per CISPR 11 Class B Group 1......cceevnennenen. ...82

Tabl¢ B.2 — Electromagnetic emission limits per CISPR 11 Class. AAGroup 1.........cceevnenee. ...82



https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 60034-1:2022 RLV © |IEC 2022 -7-

1)

2)

3)

4)

5)

6)

7)

8)

9)

This

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -
Part 1: Rating and performance

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern
coloperation on all questions concerning standardization in the electrical and electronic fields. Ao this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Techhical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
préparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr.
interested IEC National Committees.

IEC Publications have the form of recommendations for international\us€ and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible forsthe“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anl IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pdblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.

the pfrevious:edition IEC 60034-1:2017. A vertical bar appears in the margin wherever a ch
has Qeenimade. Additions are in green text, deletions are in strikethrough red text.
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International Standard.

This fourteenth edition cancels and replaces the thirteenth edition published in 2017. This

edition constitutes a technical revision.

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

edition:
subciause Ghange
1 Clarification of the scope
2 General use of dated references
3.29 Clarification on identification of maximum and minimum current
3.34 Definition of main insulation
3.35 Definition of converter capable machine
3.36 Definition of converter duty machine
3.37 Definition of shaft voltage
4.2 Explanation for using duty types S9 and S10 for converter dlty machines
5.6.3 New subclause for clarification of the terms range of rated xvoltages and voltage variations
6.2 Requirement to consider reduced arcing distance in machine design for altitudes >1 000 m
71 Clarification on bus transfer or fast reclosing
Clarification on the capability to withstand impulse voltages
7.3 New subclause on voltage deviation duringrstarting
7.4 Extended variation of supply frequency.
Note added on design for operatign with extended voltage and frequency
Recommended derating addedfor high variations of voltage and frequency
7.6 Clarification that enamelléd wires are no bare living material
8.3.1 Clarification on electrical supply during thermal tests added
9.1 Changes in Tabfe 16, especially inclusion of PM and reluctance synchronous machines
9.2 Requirement on test equipment for withstand voltage test added
Test voltage for variable speed AC machines added
Clarification to withstand voltage test for machines after stock holding
9.5 Extended to requirements on minimum locked rotor torque
9.10 Note added on criteria for commutation test
9.11]3 Clarification added that synchronous motors do not need a THD test
9.12 New subclause on protective earth test
9.13 New subclause on measurement of insulation resistance and polarization index
9.14 New subclause on shaft-voltage measurement
10. Clause has been rearranged completely
Clarification on unit symbol for speed added
1.1 Clarification on protective earth test after installation added
12.1 Clarification on the tolerances due to the accuracy of the test equipment

Note on measurement uncertainty added



https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 60034-1:2022 RLV © |IEC 2022 -9-

Clause or
subclause Change
12.2 Change in the tolerance on efficiency
Clarification on the tolerance on locked-rotor current
New tolerance on sound pressure level
14 Improved title of clause
The text of this International Standard is based on the following documents:
Draft Report on voting
2/2084/FDIS 2/2090/RVD

Full i

the 4

The |

This
acco
at w
desc

A list
mach

The
stabi
spec

—

° W

—
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€

€

bove table.
anguage used for the development of this International Standard is English.

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

vw.iec.ch/members_experts/refdocs. The main déecument types developed by IEC
ibed in greater detail at www.iec.ch/standardsdev/publications.

of all parts of the IEC 60034 series, published under the general title Rotating eleg
ines, can be found on the IEC website.

hformation on the voting for its approval can be found in the report on‘woting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

are

trical

tommittee has decided that the contents of this document will remain unchanged untjil the

ity date indicated on the IEC website under webstore.iec.ch in the data related t
fic document. At this date, thedocument will be

confirmed,

ithdrawn,

placed by a revised-edition, or

mended.

b the

IMP
con
con

ORTANT — The "colour inside" logo on the cover page of this document indicates th

at it
f its

ains colours which are considered to be useful for the correct understanding o
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ROTATING ELECTRICAL MACHINES -

Part 1: Rating and performance

1 Scope

This

2022

part of IEC 60034 is applicable to all rotating electrical machines,-exceptthose-covered-by

othet
road

Mach
addit

NOTE
to rad

HEC -standards,—for-example, tEC-60349 except rotating electrical machines for _rai

vehicles, which are covered by the IEC 60349 series of standards.

ines within the scope of this document may also be subject to superseding, modifyi
onal requirements in other standards, for example, IEC 60079 and IEC 60092.

oactivity or machines for aerospace, all other clauses apply insofar as they are.compatible.

2 Normative references

The following documents are referred to in the text in such a‘way that some or all of their co

cons
For
amer

itutes requirements of this document. For dated references, only the edition cited ap
undated references, the latest edition of the™referenced document (including
dments) applies.

IEC 60027-1:1992, Letters symbols to be used.jn-electrical technology — Part 1: General

IEC ¢
IEC ¢

mach

IEC §

0027-1:1992/AMD1:1997
0027-1:1992/AMD2:2005
IEC 60027-4:2006, Letter symbols to_be used in electrical technology — Part 4: Rotating el
ines
0034-2 (all parts), Rotating electrical machines — Part 2: Standard method.

detefimining losses and efficiency from tests (excluding machines for traction vehicles)

IEC ¢
sync
sync

IEC ¢
integ|

0034-3:2020, (Rotating electrical machines — Part 3: Specific requirements
hronous generators driven by steam turbines or combustion gas turbines an
hronous cempensators

0034-572020, Rotating electrical machines — Part 5: Degrees of protection provided B
ral design of rotating electrical machines (IP code) — Classification

and

ng or

If particular clauses of this document are modified to meet special applications, fof'ekample machines slubject

ntent
Dlies.
any

petric

T

5 for

for
o for

y the

IEC 60034-6:1991, Rotating electrical machines — Part 6: Methods of cooling (IC code)

IEC 60034-8:2007, Rotating electrical machines — Part 8: Terminal markings and direction of

rotati

on

IEC 60034-8:2007/AMD1:2014

IEC 60034-12:2016, Rotating electrical machines — Part 12: Starting performance of single-
speed three-phase cage induction motors

IEC 60034-15:2009, Rotating electrical machines — Part 15: Impulse voltage withstand levels
of form-wound stator coils for rotating a.c. machines
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IEC 60034-18 (all parts), Rotating electrical machines — Part 18: Functional evaluation of
insulation systems

IEC 60034-18-41:2014, Rotating electrical machines — Part 18-41: Partial discharge free
electrical insulation systems (Type 1) used in rotating electrical machines fed from voltage
converters — Qualification and quality control tests

IEC 60034-18-41:2014/AMD1:2019

IEC 60034-18-42:2017, Rotating electrical machines — Part 18-42: Partial discharge resistant
electrical insulation systems (Type Il) used in rotating electrical machines fed from voltage

converters — Qualification tests
IEC $0034-18-42:2017/AMD1:2020

IEC $60034-19:2014, Rotating electrical machines — Part 19: Specific test metho@s fon d.c.
machines on conventional and rectifier-fed supplies

IEC TS 60034-25:2014, Rotating electrical machines — Part 25: AC electrical machines used in
powdr drive systems — Application guide

IEC 60034-27-4, Rotating electrical machines — Part 27-4: Measurement of insulation
resisfance and polarization index of winding insulation of rotatinG electrical machines

IEC 60034-29:2008, Rotating electrical machines — Part 29: Equivalent loading| and
supelposition techniques — Indirect testing to determinetemperature rise

IEC 60034-30-1:2014, Rotating electrical machines~— Part 30-1: Efficiency classes of line
operated AC motors (IE-code)

IEC TS 60034-30-2, Rotating electrical mashines — Part 30-2: Efficiency classes of vafiiable
speef AC motors (IE-code)

IEC 60034-33: Rotating electrical m@aechines — Part 33: Specific technical requirements for hydro
geneyators

EC40038HEC—standard-voltages

IEC 60050-411:1996, \International Electrotechnical Vocabulary (IEV) — Part 411: Rofating
maechines machinery.

IEC $0050-411,4996/AMD1:2007
IEC 60050-4 H<1996/AMD2:2021

IEC 6006041:2010, High-voltage test techniques — Part 1: General definitions and| test
requfements

IEC 60085:2007, Electrical insulation — Thermal evaluation and designation

IEC 60204-1:2016, Safety of machinery — Electrical equipment of machines — Part 1. General
requirements

IEC 60204-11:2018, Safety of machinery — Electrical equipment of machines — Part 11:
Requirements for-HY equipment for voltages above 1 000 V AC or 1 500 V DC and not
exceeding 36 kV
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IEC 60335-1:20402020, Household and similar electrical appliances — Safety — Part 1: General
requirements

IEC 60364 (all parts), Low-voltage electrical installations

IEC 60417, Graphical symbols for use on equipment — 12-month subscription to regularly
updated online database comprising all graphical symbols published in IEC 60417

IEC 60445:2017, Basic and safety principles for man-machine interface, marking and
identification — Identification of equipment terminals, conductor terminations and conductors

IEC 60664-1:2020, Insulation coordination for equipment within low-voltage systems =Part 1:
Pringiples, requirements and tests

IEC 61148:2011, Terminal markings for valve device stacks and assemblies~and for power
conversion equipment

IEC TS 61800-8, Adjustable speed electrical power drive systems ='Part 8: Specificatipn of
voltapje on the power interface

IEC 414293
=P 1T299;

Foaleretis

Narlkina of elactrical o
vidiHg—-or—eectHca—©

CISHR 11:2015, Industrial, scientific and medical equipment — Radio-frequency disturbance
characteristics — Limits and methods of measuremefit
CISAR 11:2015/AMD1:2016
CISAR 11:2015/AMD2:2019

CISPR 14 (all parts), Electromagnetic compatibility — Requirements for household appliapces,
electlic tools and similar apparatus

CISHR 16 (all parts), Specification:for radio disturbance and immunity measuring appafatus
and methods

3 Terms and definitions

For the purposes of\this document, the terms and definitions in IEC 60050-411,-seme-ofhich
are-rppeated-hereforconvenience; and the following apply.

NOTE|1 For_definitions concerning cooling and coolants, other than those in 3.17 to 3.22, see IEC 60034-6.

NOTE|2 { For'the purposes of this document, the term ‘agreement’ means ‘agreement between the manufacturgr and
purchgser¥

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

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

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

3.1

rated value

quantity value assigned, generally by a manufacturer, for a specified operating condition of a
machine

Note 1 to entry: The rated voltage or voltage range is the rated voltage or voltage range between lines at the
terminals.
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[SOURCE: IEC 60050-411:1996, 411-51-23]

3.2
rating
set of rated values and operating conditions

[SOURCE: IEC 60050-411:1996, 411-51-24]

3.3

rated output
value-of-theoutput-included-in-the rating
g g

3.4

load
all the values of the, in case of a generator, electrical and, in case of a mofor;"mechgnical
quantities that signify the demand made on a rotating machine by an ele€trical circuit|or a
mechanism at a given instant

[SOURCE: IEC 60050-411:1996, 411-51-01, modified:modification indicated in italics.]

3.5
no-lgad (operation)
state| of a machine rotating with zero output power (but~under otherwise normal operating
condjtions)

[SOYRCE: IEC 60050-411:1996, 411-51-02, modified: modification indicated in italics.]

3.6
full Ipad
load which causes a machine to operate.at‘its rating

[SOURCE: IEC 60050-411:1996, 411>-51-10]

3.7
full Ipad value
quanfity value for a machine operating at full load

Note ] to entry: This_concept applies to power, torque, current, speed, etc.

[SOURCE: IEC.60050-411:1996, 411-51-11]

3.8
rest p

[SOURCE: IEC 60050-411:1996, 411-51-03]

3.9

duty

statement of the load(s) to which the machine is subjected, including, if applicable, starting,
electric braking, no-load and rest and de-energized periods, and including their durations and
sequence in time

[SOURCE: IEC 60050-411:1996, 411-51-06]
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3.10

duty type

continuous, short-time or periodic duty, comprising one or more loads remaining constant for
the duration specified, or a non-periodic duty in which generally load and speed vary within the
permissible operating range

[SOURCE: IEC 60050-411:1996, 411-51-13]

3.1

cyclic duration factor
ratio between the period of loading, including starting and electric braking, and the duration of
the duty cycle, expressed as a percentage

[SOURCE: IEC 60050-411:1996, 411-51-09]

3.12
lockéd-rotor torque
smalfest minimum measured torque the motor develops at its shaft and\with the rotor logked,
over @ll its angular positions, at rated voltage and frequency

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

3.13
locked-rotor current
greafest steady-state r.m.s. current taken from the ling with the-meter-held-atrest rotor logked,
over jall angular positions of its rotor, at rated voltageland frequency

[SOYRCE: IEC 60050-411:1996, 411-48-16]

3.14
pull-up torque <of an AC motor>
smalfest minimum steady-state asynchronous torque which the motor develops between|zero
speefd and the speed which corresponds to the breakdown torque, when the motor is supplied
at the¢ rated voltage and frequency

Note 1 to entry: This definition does not apply to those asynchronous motors of which the torque contjnually
decregses with increase in speed.

Note 2 to entry: In addition to the steady-state asynchronous torques, harmonic synchronous torques, which are a
functign of rotor load_angle, will be present at specific speeds.

At sugh speedssthe accelerating torque may be negative for some rotor load angles.

Experfence and calculation show this to be an unstable operating condition, and therefore, harmonic synchronous
torqugs do not prevent motor acceleration, and are excluded from this definition.

3.15

breakdown torque <of an AC motor>

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

Note 1 to entry: This definition does not apply to motors with torques that continually decrease with increase in
speed.

3.16

pull-out torque <of a synchronous motor>

maximum torque which the synchronous motor develops at synchronous speed with rated
voltage, frequency and field current
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3.17

cooling
procedure by means of which heat resulting from losses occurring in a machine is given up to
a primary coolant, which may be continuously replaced or may itself be cooled by a secondary
coolant in a heat exchanger

[SOURCE: IEC 60050-411:1996, 411-44-01]

3.18

coolant

medi

um, liquid or gas, by means of which heat is transferred

[SOYRCE: IEC 60050-411:1996, 411-44-02]

3.19
prim
medi

pry coolant
im, liquid or gas, which, being at a lower temperature than a part of.a machine a

contgct with it, removes heat from that part

[SOURCE: IEC 60050-411:1996, 411-44-03]

3.20

secondary coolant

medi
the h
surfa

Lm, liquid or gas, which, being at a lower temperature than the primary coolant, rem
Eat given up by this primary coolant by means offa heat exchanger or through the ext
e of the machine

[SOYURCE: IEC 60050-411:1996, 411-44-04]

3.21

diregt cooled winding

inne
wind
cond

cooled winding
ng mainly cooled by coolant flowing in direct contact with the cooled part through h
Lictors, tubes, ducts or channels which, regardless of their orientation, form an integra

of the winding inside the mainjinsulation

Note 1 to entry: In all cases when ‘indirect’ or ‘direct’ is not stated, an indirect cooled winding is implied.

[SOYRCE: IEC 60050-411:1996, 411-44-08]

3.22

indirpct cooled winding
any winding other than a direct cooled winding

nd in

oves
ernal

Dllow
| part

Note 1 to entry: In all cases when ‘indirect’ or ‘direct’ is not stated, an indirect cooled winding is implied.

[SOURCE: IEC 60050-411:1996, 411-44-09]

3.23

supplementary insulation
independent insulation applied in addition to the main insulation in order to ensure protection
against electric shock in the event of failure of the main insulation

3.24

moment of inertia
sum (integral) of the products of the mass elements of a body and the squares of their distances
(radii) from a given axis
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3.25

thermal equilibrium

state reached when the temperature rises of the several parts of the machine do not vary by
more than a gradient of 1 K per half hour

Note 1 to entry: Thermal equilibrium may be determined from the time-temperature rise plot when the straight lines
between points at the beginning and end of two successive intervals of half hour each have a gradient of 1 K or less
per half hour or 2 K or less per hour.

[SOURCE: IEC 60050-411:1996, 411-51-08, modified: modification indicated in italics.]

3.26
thermal equivalent time constant
time ponstant, replacing several individual time constants, which determines approximately the
tempgrature course in a winding after a step-wise current change

3.27
encapsulated winding
winding which is completely enclosed or sealed by moulded insulation

[SOYRCE: IEC 60050-411:1996, 411-39-06]

3.28
rated form factor of direct current supplied to a DC motor armature from a static power
converter
ratio jof the r.m.s. maximum permissible value of the current /¢ 1axn to its average valug /

(meahn value integrated over one period) at rated conditions:

avN

ke = Irms, maxN
NS
TayN

3.29
current ripple factor
ratio |of the difference betweenthe maximum value /,,, and the minimum value I;, ¢f an

undulating current to two times.the average value I, (mean value integrated over one pefiod):

_ Imax _Imin

9 2x1g,

Note 1 to entry: €or.small values of current ripple, the ripple factor may be approximated by the following fofmula:

_ Imax _]min

Imax + Imin

Note 2 to entry: The above formula may be used as an approximation if the resulting calculated value of ¢, is equal
to or less than 0,4.

The basis for determining this variation should be by oscillograph measurement (or a comparable device) and not by
ammeter readings. A line should be drawn on the oscillogram through the consecutive peaks of the current wave.
This line is the envelope of the current wave. The variation is the difference between the maximum (7_..) and
minimum (7_. ) ordinates of this envelope.

3.30
tolerance
permitted deviation between the declared value of a quantity and the measured value
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3.31

type test

test of one or more machines made to a certain design to show that the design meets certain
specifications

Note 1 to entry: The type test may also be considered valid if it is made on a machine which has minor deviations
of rating or other characteristics. These deviations should be subject to agreement.

[SOURCE: IEC 60050-411:1996, 411-53-01]

3.32

routipe-test
test fo which each individual machine is subjected during or after manufacture to asgertain
whether it complies with certain criteria

[SOYRCE: IEC 60050-411:1996, 411-53-02]

3.33
runaway speed
maximum speed attained by the engine/motor-generator set after remoeval of the full load ¢f the
generator if the speed regulator does not function

Note 1 to entry: The motor can be also a turbine or an internal combustjorengine.

Note 4 to entry: For motors, the maximum overspeed at loss of supply is meant that a motor might reach driyen by
the coupled equipment

[SOYRCE: IEC 60050-411:1996, 844411-17-23]

3.34
main| insulation
basid insulation (see IEC 60664-1) of a refating electrical machine

3.35
conVerter capable machine
electfical machine designed fo¥ direct online start and suitable for operation on a power
electfonic frequency converter without special filtering

Note 1 to entry: Such motoxs include but are not limited to IEC Design N, NE, H, or HE, or NEMA Design A} B, or
C whi¢h may be subject 0o energy efficiency regulation in the EU, North America or other locations.

Note 4 to entry: The&ihtent of the converter capable motor is to run within the thermal class of the insulation system:;
but ag the harmoni€¢ ctontent of the converter output voltage varies between different drive topologies, coordipation
with the manufacturer may be required by the end user.

Note 3 tor enfry: See IEC TS 60034-25 for performance variations of all characteristics such as efficiendqy and
acousfie Yoise when operating a converter capable motor on a frequency converter.

3.36

converter duty machine

electrical machine designed specifically for operation fed by a power electronic frequency
converter with a temperature rise within the specified insulation thermal class or thermal class.

Note 1 to entry: Such motors have no IEC Design or NEMA Design letter and may be exempted from energy
efficiency regulation in the EU, North America and other locations.

3.37

shaft voltage

voltage of mainly supply frequency measured between the shaft ends of an electrical machine,
which may occur due to magnetic asymmetries

Note 1 to entry: For more information on the root cause of the shaft voltage, see IEC TS 60034-24:2009, 5.5 and
Clause 6.
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can be caused in converter-fed machines by a high frequency (HF) common mode current impulse.

4 Duty

4.1

Declaration of duty

2022

The shaft voltage of (mainly) supply frequency should not be mixed-up with the HF shaft voltage

It is the responsibility of the purchaser to declare the duty. The purchaser may describe the
duty by one of the following:

a) numerically, where the load does not vary or where it varies in a known manner;

b) a
c) b

The ¢
the v

An e

5 a time sequence graph of the variable quantities;

y selecting one of the duty types S1 to S10 that is no less onerous than the expected

uty type shall be designated by the appropriate abbreviation, specified in 4¢2,lwritten
plue of the load.

pression for the cyclic duration factor is given in the relevant duty_type figure.

The purchaser normally cannot provide values for the moment of inertia of the machine (J

the 1
mand

Whe

elative thermal life expectancy (TL), see Annex A. Thesk jyvalues are provided b
facturer.

e the purchaser does not declare a duty, the manufacturer shall assume that duty tyq

(confinuous running duty) applies.

4.2
421

Oper
equil

Duty types
Duty type S1 — Continuous running duty

duty.

after

M) or
the

e S1

ation at a constant load maintained for sufficient time to allow the machine to reach th¢rmal

brium, see Figure 1.

The @ppropriate abbreviation is(S9.



https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 60034-1:2022 RLV © |IEC 2022 -19 -

Poj

|

~

@max ~= "

e mccccfecccccc e e e ———

IEC
Key

P load

Py electrical losses

(©) temperature

(€] maximum temperature attained

time

~

Figure 1 — Continuous running duty — Duty type S1

4.2.2 Duty type S2 — Short-time duty

Operation at constant load for a given time, less than that required to reach thermal equilibrium,
followed by a time at rest and de-energized of sufficient duration to re-establish machine
temperatures within 2 K of the coolant temperature, see Figure 2.

The appropriate abbreviation is S2, followed by an indication of the duration of the duty.

Example: S2 60 min.
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IEC
Key

P load

Py electrical losses

(©) temperature

(€] maximum temperattre attained

max

time

~

Aty operation-time at constant load,
e. g\ Aty = 60 min for S2 60 min

e ;
Figure2=Shorttimeduty =Duty-type S2——

4.2.3 Duty type S3 - Intermittent periodic duty

NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle 7 other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each including a time of operation at constant load and a

time at rest and de-energized, see Figure 3. In this duty, the cycle is such that the starting
current does not significantly affect the temperature rise.

The appropriate abbreviation is S3, followed by the cyclic duration factor.

Example: S3 25 %.
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P g

A
Y

A[P AIR

A
y
A
Y

max

—mm e ————— e

IEC
Key
P load
Py electrical losses
(€] temperature
0.« | maximum temperaturétattained
t time
Te time of one load, cycle
Atp operation_tinte at constant load
Atg time at.rest and de-energized

Cyclic|dyration factor = Atp/T

Figure 3 — Intermittent periodic duty — Duty type 53

4.2.4 Duty type S4 - Intermittent periodic duty with starting
NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle 7 other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle including a significant starting time, a time of
operation at constant load and a time at rest and de-energized, see Figure 4.

The appropriate abbreviation is S4, followed by the cyclic duration factor, the moment of inertia
of the motor (J);) and the moment of inertia of the load (J,;), both referred to the motor shaft.
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Example: S4 25 % J,, = 0,15 kg x m? Joui = 0,7 kg x m?
Py - Te N
- - |
|
i
!
| | i
! ! | »
Lo ! | | b !
| 1 H 1 1 1 I
| 1 H 1 1 1 !
! I ' : ! R
1 | Atp | AIR | : | |
———— P
Py | Lo b
| ] 1 I | | |
| | | | | 1 '
| ! | | 1 | |
| | | | | | .
| | | 1 | | |
| | | | | | .
1 1 | 1 1 I |
1 1 ) 1 1 ] .
I ) 1 ] I
' 1 ! I .
| ' | ' |
Atp ! ' i I
> - ! H ¢
: Q-
i ! |
1 .
| i
|
| >
i
i
i
i
i
i
i
i

e
@max

i
IEC

Key

P load t time

Py, electricdl lpsses T time of one load cycle

® temperature Aty starting/accelerating time

0 max maximum temperature attained Aty operation time at constant load

Atg time at rest and de-energized

Cyclic duration factor = (Atp + Atp)/ T,

Figure 4 — Intermittent periodic duty with starting — Duty type S4

4.2.5 Duty type S5 - Intermittent periodic duty with electric braking
NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle 7 other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle consisting of a starting time, a time of operation
at constant load, a time of electric braking and a time at rest and de-energized, see Figure 5.
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The appropriate abbreviation is S5, followed by the cyclic duration factor, the moment of inertia
of the motor (Jyy) and the moment of inertia of the load (J;), both referred to the motor shaft.

Example: S5 25 % J,, = 0,15 kg x m?

Joi = 0,7 kg x m?

P
- fc >
|
|
i
N |
| i L
l i | i u | i
| | ‘
LV N
o [ o [ |
) I | | | | | | .
Lo . P ' |
- LA P b [
S I
|
Py g Pl Ap 1 Arg ro P i
e I D
Do o P .
b Lo o !
P b v i
| | ) | | I .
[ ! |
1 1 : .
Do !
Lo !
: !
' !
!
i | |
L S ) .
. P P I
[ (- I [
[ (. ol [ |
I [N I [ :
. ol . ol |
1ol . ol P i
) | 1 | H | 1 | |
[ [ [ [ .
b - . b !
© 4 o b b P |
i i [N ' | [ |
o (R o [ '
[ 1 [ 'l |
Omax _____ | § f ______________ T T" '
b T | I |
[ ! 1 ! |
[ ! | ! |
' i ! i i
: Y H | .
1, I, !
|
|
i =
t
IEC
Key
P load T time of one load cycle
Py electrical losses Aty starting/accelerating time
(€] temperature Aty operation time at constant load
O ax maximum temperature attained Ate time of electric braking
t time Atg time at rest and de-energized

Cyclic duration factor = (At + At + At)/ T,

Figure 5 — Intermittent periodic duty with electric braking — Duty type S5
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4.2.6 Duty type S6 — Continuous operation periodic duty
NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle 7 other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle consisting of a time of operation at constant
load and a time of operation at no-load. There is no time at rest and de-energized, see Figure 6.

The appropriate abbreviation is S6, followed by the cyclic duration factor.

Example—~S6-40-%

A[P - A[R

A
y

A
Y

"
<

max

©)
i
[
PSS S, =S Ay P
i
1
[
[
1
[
|
[
1
1
[
[
!
[
J R VPR PHPPPY S

IEC
Key

P load t time

P, electrical losses T time of one load cycle

(€] temperature Aty operation time at constant load
0 max maximum temperature attained Aty operation time at no-load

Cyclic duration factor = A#,/T,

Figure 6 — Continuous operation periodic duty — Duty type S6
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4.2.7 Duty type S7 — Continuous operation periodic duty with electric braking
NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle 7 other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle consisting of a starting time, a time of operation
at constant load and a time of electric braking. There is no time at rest and de-energized, see
Figure 7.

The appropriate abbreviation is S7, followed by the moment of inertia of the motor (J);) and the

mom ntaof inertia aof tha lagd (I \ _haoth refarred to-the-motorshaft
Ht—-E+— e+t a—or—trie—1oa e+ ea—+to—tHe-Hoto—SHatt

ST exi/ ot

Example: S7 J,, = 0,4 kg x m? Joyt = 7,5 kg x m?
Tc
Poj
| T T r
| | |
| | | -
[ [ 1 1
| | /
| | |
i | J l
o e P
Mol iy M Lt -
a1 P o
% ! ! ' ! |
: [ : [ : [
Lo P b
! | ! | ! |
| l |
| | |
| | |
| | |
|

\

IEC
Key

P load t time

P, electrical losses T time of one load cycle

® temperature Aty starting/accelerating time

0 max maximum temperature attained Aty operation time at constant load
Cyclic duration factor = 1 Ate time of electric braking

Figure 7 — Continuous operation periodic duty with electric braking — Duty type S7
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4.2.8 Duty type S8 — Continuous operation periodic duty with related load/speed
changes

NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle 7 other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle consisting of a time of operation at constant
load corresponding to a predetermined speed of rotation, followed by one or more times of
operation at other constant loads corresponding to different speeds of rotation (carried out, for
example, by means of a change in the number of poles in the case of induction motors). There
is no time at rest and de-energized (see Figure 8).

The appropriate abbreviation is S8, followed by the moment of inertia of the motor (Jyy) and the
moment of inertia of the load (J,), both referred to the motor shaft, together with the [load,
speefl and cyclic duration factor for each speed condition.

Example: S8 Jy, = 0,5 kg x m? Joy = 6 kg x m? 16 kW 740 mins]! 30 po
40 kW 1,460 min~"' 30 po
25 kW 980 min~! 40 .
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IEC
Key
P load t time
Py electrical losses T time of one load cycle
(€] temperature Aty starting/accelerating time
0.« | maximum temperature attained Aty operation time at constant load (P1, P2, P3)
n speed Ate time of electric braking (F1, F2)
Cycliq duration factor = (Atg KAL) Te; (Atpy + Atpy) Te; (Atp, + Atpg) T
Figure 8 — Continuous operation periodic duty
with related load/speed changes — Duty type S8
4.2.9 Duty type S9 — Duty with non-periodic load and speed variations

A duty in which generally load and speed vary non-periodically within the permissible operating
range. This duty includes frequently applied overloads that may greatly exceed the reference
load (see Figure 9).

The appropriate abbreviation is S9.

For this duty type, a constant load appropriately selected and based on duty type S1 is taken
as the reference value (P, in Figure 9) for the overload concept.

Converter duty can also be determined under duty type S9 when operated on dynamic non-
periodic load and speed variations. Subclause 4.2 of IEC TS 60034-25:2014 can be considered
as reference in determining converter duty.


https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

- 28— IEC 60034-1:2022 RLV © IEC 2022

-t AP
A[F
Aty Aty
n o etCle -l leaR
|
[}
(i |
P il
Atg | 1
_>'_l<_
|
i
P !
|
T
}
]

-

3

Q

>

T

|

1
cmmm e

1

|

1

1

|

!
——mm—————]

S S

IEC
Key

P load t time
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P, electrical losses Aty operation time at constant load

® temperature Ate time of electric braking

0.« | maximum.temperature attained Aty time at rest and de-energized

n speed Atg time under overload

4.2.10 Duty type S10 — Duty with discrete constant loads and speeds

A duty consisting of a specific number of discrete values of load (or equivalent loading) and if
applicable, speed, each load/speed combination being maintained for sufficient time to allow
the machine to reach thermal equilibrium, see Figure 10. The minimum load within a duty cycle
may have the value zero (no-load or at rest and de-energized).

The appropriate abbreviation is S10, followed by the per unit quantities p/A¢ for the respective
load and its duration and the per unit quantity 7L for the relative thermal life expectancy of the
insulation system. The reference value for the thermal life expectancy is the thermal life
expectancy at rating for continuous running duty and permissible limits of temperature rise
based on duty type S1. For a time at rest and de-energized, the load shall be indicated by the
letter r.
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Example: S10 p/At = 1,1/0,4; 1/0,3; 0,9/0,2; »/0,1 TL = 0,60.

The value of TL should be rounded off to the nearest multiple of 0,05. Advice concerning the
significance of this parameter and the derivation of its value is given in Annex A.

For this duty type a constant load appropriately selected and based on duty type S1 shall be
taken as the reference value (P in Figure 10) for the discrete loads.

The discrete values of load will usually be equivalent loading based on integration over a period
of time. It is not necessary that each load cycle be exactly the same, only that each load within
a cycle be maintained for sufficient time for thermal equilibrium to be reached, and that each
load cycle be capable of being integrated to give the same relative thermal life expectancyy.

ConVerter duty can also be determined under duty type S10 when operated on discrete] i. e.
non-dlynamic, non-periodic load and speed variations. Subclause 4.2 of IEC TS 60034-25:2014
can lye considered as reference in determining converter duty.
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® temperature n speed

Oref temperature at reference load based on duty type S1

Figure 10 — Duty with discrete constant loads — Duty type S10
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5 Rating

5.1 Assignment of rating

The rating, as defined in 3.2, shall be assigned by the manufacturer. In assigning the rating the
manufacturer shall select one of the classes of rating defined in 5.2.1 to 5.2.6. The designation
of the class of rating shall be written after the rated output. If no designation is stated, rating
for continuous running duty applies.

When accessory components (such as reactors, capacitors, etc.) are connected by the
manufacturer as part of the machine, the rated values shall refer to the supply terminals of
the whole arrangement.

NOTE| This does not apply to power transformers connected between the machine and the supply.

Specjal considerations are required when assigning ratings to machines fed from“or supglying
stati¢ converters. IEC TS 60034-25 gives guidance on this.

5.2 | Classes of rating
5.21 Rating for continuous running duty

A ratjng at which the machine may be operated for an unlimijtéd period, while complying with
the réquirements of this document.

This flass of rating corresponds to duty type S1 and.is.designated as for the duty type S1,.

5.2.2 Rating for short-time duty

A rafing at which the machine may be operated for a limited period, starting at ampbient
tempgrature, while complying with the requirements of this document.

This plass of rating corresponds to duty type S2 and is designated as for the duty type S2.

5.2.3 Rating for periodic duty

A raling at which the machine may be operated on duty cycles, while complying with the
requirements of this doCument.

This [class of rating, corresponds to one of the periodic duty types S3 to S8 and is designated
as fof the corresponding duty type.

Unless otherwise specified, the duration of a duty cycle shall be 10 min and the cyclic duration
factof shall be one of the following values:

15 %, 25 %, 40 %, 60 %.

5.2.4 Rating for non-periodic duty

A rating at which the machine may be operated non-periodically while complying with the
requirements of this document.

This class of rating corresponds to the non-periodic duty type S9 and is designated as for the
duty type S9.
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5.2.5 Rating for duty with discrete constant loads and speeds

A rating at which the machine may be operated with the associated loads and speeds of duty
type S10 for an unlimited period of time while complying with the requirements of this document.
The maximum permissible load within one cycle shall take into consideration all parts of the
machine, for example, the insulation system regarding the validity of the exponential law for the
relative thermal life expectancy, bearings with respect to temperature, other parts with respect
to thermal expansion. Unless specified in other relevant IEC standards, the maximum load shall
not exceed 1,15 times the value of the load based on duty type S1. The minimum load may
have the value zero, the machine operating at no-load or being at rest and de-energized.
Considerations for the application of this class of rating are given in Annex A.

This [class of rating corresponds to the duty type S10 and is designated as for the duty|type
S10.

NOTE| Other relevant IEC standards may specify the maximum load in terms of limiting winding.temperatyre (or
tempefrature rise) instead of per unit load based on duty type S1.

5.2.6 Rating for equivalent loading

A rat|ng, for test purposes, at which the machine may be operated aticonstant load until thermal
equillbrium is reached and which results in the same stator winding temperature rise ap the
average temperature rise during one load cycle of the specified'duty type.

The getermination of an equivalent rating should take account of the varying load, speed and
coolipg of the duty cycle.

This flass of rating, if applied, is designated 'equ';

5.3 | Selection of a class of rating

A mgchine manufactured for general pufpose shall have a rating for continuous running|duty
and Be capable of performing duty typ& S1.

If the|duty has not been specified\by the purchaser, duty type S1 applies and the rating assigned
shall|be a rating for continuous: running duty.

When a machine is intended to have a rating for short-time duty, the rating shall be basgd on
duty fype S2, see 4.2(2,

When a machinetis intended to supply varying loads or loads including a time of no-load or
timeg where the machine will be in a state of at rest and de-energized, the rating shall|be a
ratin* for periodic duty based on a duty type selected from duty types S3 to S8, see $.2.3

to 4.2.8.

When a machine is intended to supply non-periodically variable loads at variable speeds,
including overloads, the rating shall be a rating for non-periodic duty based on duty type S9,
see 4.2.9.

When a machine is intended to supply discrete constant loads including times of overload or
times of no-load (or at rest and de-energized), the rating shall be a rating with discrete constant
loads based on duty type S10, see 4.2.10.

5.4  Allocation of outputs to class of rating

In the determination of the rating:

For duty types S1 to S8, the specified value(s) of the constant load(s) shall be the rated
output(s), see 4.2.1 to 4.2.8.
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For duty types S9 and S10, the reference value of the load based on duty type S1 shall be taken
as the rated output, see 4.2.9 and 4.2.10.

5.5
5.5.1

Rated output

DC generators

The rated output is the output at the terminals and shall be expressed in watts (W).

5.5.2

The 1
(VA)

The

AC generators

together with the power factor.

ated power factor for synchronous generators shall be 0,8 lagging (over-excited), u

otherwise specified by the purchaser.

NOTE
on ge

5.5.3

A P-Q capability diagram (power chart) indicating the limits of operation, provides more detailed inforf
erator’s performance.

Motors

The rated output is the mechanical power available at the shaft and shall be express

watts

NOTE
in hor:

(W).

It is the practice in some countries for the mechanical poweravailable at the shafts of motors to be exp
epower (1 h.p. is equivalent to 745,7 W; 1 ch (cheval or ptetric horsepower) is equivalent to 736 W).

5.5.4 Synchronous-condensers compensators

The 1

reactive{var) (VA) in leading (under-excited)’and lagging (over-excited) conditions.

5.6
5.6.1

For [
and ¢
7.3.

5.6.2

For A
and
also

Rated voltage
DC generators

C generators intended to’operate over a relatively small range of voltage, the rated o
urrent shall apply atithe highest voltage of the range, unless otherwise specified, se¢

AC generators

C generators intended to operate over a relatively small range of voltage, the rated o
bower factor shall apply at any voltage within the range, unless otherwise specified
/.3,

eres

hless

nation

ed in

essed

ated output is the reactive power at thecterminals and shall be expressed in volt-amperes

utput
also

utput
, see

5.6.3

AC motors

AC motors may have two or more different rated voltages or a rated voltage range, as indicated
on the rating plate (see 10.4.2). In all these cases, voltage (and frequency) variations according
to 7.4 are valid in addition and do not need be indicated separately.

5.7

Co-ordination Preferred combinations of voltages and outputs

It is not practical to build machines of all ratings for all rated voltages. In general, for AC
machines, based on design and manufacturing considerations, preferred voltage ratings above

1kV

in terms of rated output are as shown in Table 1.



https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

- 34— IEC 60034-1:2022 RLV © IEC

Table 1 — Preferred voltage ratings

Rated voltage Minimum rated output
kV kW (or kVA)
1,0<Uy=3,0 100
3,0<Uy=6,0 150
6,0 <Uy=11,0 800
11,0 < Uy = 15,0 2 500

2022

5.8

For n

Machines with more than one rating

nachines with more than one rating, the machine shall comply with this docdment

respgcts at each rating.

For n

hulti-speed machines, a rating shall be assigned for each speed.

When a rated quantity (output, voltage, speed, etc.) may assume several values or

conti
does
star-

6

rd .Y

6.1

Unle
the g
temp
devig

Mach
cons

6.2

The
cons

huously within two limits, the rating shall be stated at these(values or limits. This proy
not apply to voltage and frequency variations during Operation as defined in 7.3
lelta connections intended for starting.

bite conditions

General

asing during operation, for standstilly"storage and transportation. The cold coolant
eratures for different types of cooling are specified in Table 5. For site operating cond
ting from those values, corrections are given in Clause 8.

ines operating outside-the’ range of the standard site conditions shall require sp
deration.

Altitude

altitude shall\not exceed 1 000 m above sea level. For higher altitudes, it sh
dered in<the design of the machine that the arcing distance will decrease wit

decr¢asing air-pressure.

6.3

Maximum ambient air temperature

in all

vary
ision
or to

5s otherwise specified, machines shall be suitable for the following site conditions outside

inlet
tions

ecial

I be
the

The ambient air temperature shall not exceed 40 °C.

6.4

Minimum ambient air temperature

Unless otherwise agreed between manufacturer and customer, the ambient air temperature
shall not be less than —15 °C for all machines except machines with any of the following, for
which the ambient temperature shall be not less than 0 °C:

a) rated output greater than 3 300 kW (or kVA) per 1 000 min—1;
b) rated output less than 600 W (or VA);

c) a
d) a

commutator;

sleeve bearing;
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e) water as a primary or secondary coolant.
6.5 Water coolant temperature

For the reference water coolant temperature, see Table 5. For other water coolant
temperatures, see Table 10. The water coolant temperature shall not be less than +5 °C.

6.6 Standstill, storage and transport

When temperatures lower than specified in 6.4 are expected during transportation, storage, or
after installation at standstill, the purchaser shall inform the manufacturer and specify the

expe'\fnd minimum. +nmpnr‘9h Ire

NOTEl-Special measures may be needed before energizing the machine after longer pefiods of
standstill, storage and transportation. Special measures may also be needed during thé un-
operational periods. See manufacturer’s instructions.

6.7 | Purity of hydrogen coolant

Hydrpgen cooled machines shall be capable of operating at rated output_under rated conditions
with & coolant containing not less than 95 % hydrogen by volume.

NoTEl-For safety reasons, the hydrogen content should at alltimes be maintained at 90(% or
more|, it being assumed that the other gas in the mixture is air:

For galculating efficiency in accordance with IEC 6003442 (all parts), the standard composition
of th¢ gaseous mixture shall be 98 % hydrogen and‘2 % air by volume, at the specified values
of prgssure and temperature of the re-cooled gas; unless otherwise agreed. Windage Igsses
shall|be calculated at the corresponding density:

7 Electrical operating conditions

71 Electrical supply

For three-phase AC machines,50 Hz or 60 Hz, intended to be directly connected to distribution
or ut|lisation systems, the rated voltages shall be derived from the nominal voltages given in
IEC 60038.

NOTE]| For large high-vpltage AC machines, the voltages may be selected for optimum performance.

For AC machines:connected to static converters these restrictions on voltage, frequency and
wavgform domnot apply. In this case, the rated voltages shall be selected by agreement.

For converter capable or converter duty electrical machines with Type | or Type Il insulation
systems according to IEC 60034-18-41 or IEC 60034-18-42, the manufacturer can assign an
impulse voltage insulation class (IVIC) for the insulation system.

In case of a converter capable or converter duty electrical machine with rated power above 1
kW with a Type | insulation system and an IVIC assigned, the insulation system should be
suitable for IVIC C for phase-to-phase and IVIC B for phase-to-ground, or as otherwise agreed
to between the user and the manufacturer.
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In case of a converter capable or converter duty electrical machine with rated voltage Uy < 1 kV

with a Type Il insulation system and an IVIC assigned, the insulation system should be suitable
for IVIC 5 for phase-to-phase and IVIC 4 for phase-to-ground or as otherwise agreed to between

the

user and the manufacturer.

In case of a converter capable or converter duty electrical machine with rated voltage Uy > 1 kV

with a Type |l insulation system, it is the responsibility of the electrical machine manufacturer
to specify the impulse voltage withstand ability of the electrical machine winding insulation.
Since drive topologies vary greatly, and since these larger motors are converter duty machines
mostly custom designed as needed, it is, in case an IVIC is assigned, not practical to define a

defa

systgm are known, IEC TS 61800-8 can be used to give an indication of the peak voltagé, 4
motof terminals and therefore the motor’s needed IVIC.

on the rating plate (see Clause 10).

NOTE| For more information on special considerations for converter fed machines, see IEC TS 60034-25.

Any bus transfer or fast reclosing of an AC machine, as it might occuy, for example, due t

volt
end

ape ride through requirements of grid codes, can lead,.to-very high peak cur
angering the stator winding overhang and to a very high peak-torque of up to 20 times

torgue endangering the mechanical structure including the.coeupling and the driven or df

equ

ipment, if the reclosing is done without synchronizingy*Bus transfer or fast reclosi

thergfore only allowed if specified and accepted by the‘manufacturers of electric maching

driv

For
ope

eh equipment.

induction machines with ratings < 10 MW orkMVA, slow reclosing exceeding 1,5 time
n| circuit time constant is allowed, if specified and accepted by the manufacturers g

electfic machine and the driven equipment. Eor ratings > 10 MW or MVA, the allowed min
time ffor slow reclosing should be determihed by transient analysis of the complete syste|

the
and

7.2
7.2.
7.2.

gen
volt

slystem integrator and is allowed if;dccepted by the manufacturers of the electric ma
he driven equipment.

Form and symmetry of.voltages and currents
1 AC motors

11 AC motorsirated for use on a power supply of fixed frequency, supplied from a
erator (whether local or via a supply network) shall be suitable for operation on a s
ape having a“harmonic voltage factor (HVF) not exceeding:

0]02 forssingle-phase motors and three-phase motors, including synchronous motor
ekcluding motors of design N (see IEC 60034-12), unless the manufacturer dec
otherwise;

o the

rents
rated
iving
ng is
2 and

s the
f the
mum
m by
cChine

n AC
Lipply

5 but
lares

0,03 for design N motors.

The HVF shall be computed by using the following formula:

k2
HVF = —_—
n=2

where

Uy

n
k=

is the ratio of the harmonic voltage U, to the rated voltage Uy;

is the order of harmonic (not divisible by three in the case of three-phase AC motors);
13.
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Three-phase AC motors shall be suitable for operation on a three-phase voltage system having
a negative-sequence component not exceeding 1 % of the positive-sequence component over
a long period, or 1,5 % for a short period not exceeding a few minutes, and a zero-sequence
component not exceeding 1 % of the positive-sequence component.

Should the limiting values of the HVF and of the negative-sequence and zero-sequence
components occur simultaneously in service at the rated load, this shall not lead to any harmful
temperature in the motor, and it is recommended that the resulting excess temperature rise
related to the limits specified in this document should be not more than approximately 10 K.

NoTE_In the vicinity of large single-phase loads (e.g. induction furnaces), and in rural areas
parti¢ularly on mixed industrial and domestic systems, supplies may be distorted beyond the
limitq set out above. Special arrangements will then be necessary.

7.2.1.2 AC motors supplied from static converters have to tolerate higher harpionic contents
of the¢ supply voltage; see IEC TS 60034-25.

NOTE| When the supply voltage is significantly non-sinusoidal, for example from static convérters, the r.m.s|value
of the|total waveform and of the fundamental are both relevant in determining the perfesmance of an AC machine.

7.2.2 AC generators

Threg¢-phase AC generators shall be suitable for supplying circuits which, when supplied|by a
systgm of balanced and sinusoidal voltages:

a) result in currents not exceeding a harmonic current factor (HCF) of 0,05, and

b) rgsultin a system of currents where neither the négative-sequence component nor the gero-
sequence component exceed 5 % of the positive-sequence component.

The HCF shall be computed by using the following formula:

HCF = /Zk:ij
n=2

i, igthe ratio of the harmonic current /, to the rated current 7;

wherg

id the order of harmonic;
k=1B.

this shall not lead to any harmful temperature in the generator, and it is recommended
he resulting excess temperature rise related to the limits specified in this document should
be ngtmere than approximately 10 K.

Sho:]ld the limits of deformation and imbalance occur simultaneously in service at the rated

7.2.3 Synchronous machines

Unless otherwise specified, three-phase synchronous machines shall be capable of operating
continuously on an unbalanced system in such a way that, with none of the phase currents
exceeding the rated current, the ratio of the negative-sequence component of current (](2)) to

the rated current () does not exceed the values in Table 2, and under fault conditions shall
be capable of operation with the product of (1(2)/1N)2 and time (¢) not exceeding the values in
Table 2.
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Table 2 — Unbalanced operating conditions for synchronous machines

Item Machine type Maximum I(Z)IIN value for Maximum (I(z)IIN)z x ¢in
continuous operation seconds for operation under
fault conditions
Salient pole machines and PM excited machines
1 Indirect cooled windings
motors 0,1 20
generators 0,08 20
synchronous-condensers 0.1 20
compensators
2 Direct cooled (inner cooled) stator
and/or field windings
motors 0,08 15
generators 0,05 15
synchronous-condensers 0,08 15
compensators
Cylindrical rotor synchronous machines
3 Indirect cooled rotor windings
air-cooled 0,1 15
hydrogen-cooled 0,1 10
4 Direct cooled (inner cooled) rotor
windings
<350 MVA 0,08 8
>350 =900 MVA a b
>900 <1250 MVA a 5
>1 250 <1600 MVA 0,05 5
a8 Fpr these machines, the value of 1(2)/1N is~calculated as follows:
K Y ol lo _ 0,08 NE
In 3x10* 1 3x10°
b Fpr these machines, the value of ([(2)/IN)2 x ¢, in seconds, is calculated as follows:
(] 2)/IN)Z x ¢t =8~ 0,00646(S, — 350)
where in the two fogtnotes, S\ is the rated apparent power in MVA.

7.2,

Curremn

DC-motors supplied from static power converters

and the commutation is more difficult compared with a DC motor supplied from a pure DC power

source.

It is necessary, therefore, for motors with a rated output exceeding 5 kW, intended for supply
from a static power converter, to be designed for operation from a specified supply, and, if
considered necessary by the motor manufacturer, for an external inductance to be provided for
reducing the undulation.

The static power converter supply shall be characterized by means of an identification code, as

follows:

[CCC— Uy -/~ 1]
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where
CCC is the identification code from Table 3, which is based on IEC 61148;

U,y consists of three or four digits indicating the rated alternating voltage at the input
terminals of the converter, in V;

f consists of two digits indicating the rated input frequency, in Hz;

L consists of one, two or three digits indicating the series inductance to be added
externally to the motor armature circuit, in mH. If this is zero, it is omitted.

Table 3 — CCC symbol designation

IdeL\tification code 1-pair configuration Pair number “m” Clause No. and title
cce (configuration name) for arms in in IEC 61148
IEC 61148

A-Type Thyristor + Thyristor m=3 5.1.3.2 Bridge connection
(Full bridge)

B-Type Thyristor + Diode m=3 Same as_above
(Mixed bridge)

C-Type Thyristor + Thyristor m =2 Same as above
(Full bridge)

D-Type Thyristor + Diode m =2 Same as above

(Mixed bridge)

Motors with rated output not exceeding 5 kW, instead of being tied to a specific type of $tatic
powdr converter, may be designed for use withi-any static power converter, with or wirhout
external inductance, provided that the rated ferrm factor for which the motor is designed will not
be surpassed and that the insulation level, of the motor armature circuit is appropriate fdr the
rated alternating voltage at the input terminals of the static power converter.

In alljcases, the undulation of the static power converter output current is assumed to be sp low
as to[result in a current ripple facter not higher than 0,1 at rated conditions.

7.3 | Voltage during starting of AC motors

An AIC motor will stagt only if its starting torque is adequately matched to the counter-tarque
and the inertia of thie joad. For three-phase, single-speed AC motors, a motor shall be able to
startfat 90 % of its\rated voltage at a load torque proportional to the speed squared up to [/0 %
of the rated tofgue at rated speed and a load inertia up to 50 % of the motor’s inertia, as|long
as nqg differentvalue has been specified beforehand.

NOTE|148¢ee IEC TS 60034-25 for information on converter duty machines.

NOTE 2 For starting performance of design N motors, see |[EC 60034-12.
7.4 Voltage and frequency variations during operation

For AC machines rated for use on a power supply of fixed frequency supplied from an AC
generator (whether local or via a supply network), combinations of voltage variation and
frequency variation are classified as being either zone A or zone B in accordance with
Figure 11 For
generators or synchronous compensators within the scope of IEC 60034-3 and for hydro
generators within the scope of IEC 60034-33, different voltage and frequency limits apply as
defined in those standards.

For DC machines, when directly connected to a normally constant DC bus, zones A and B apply
only to the voltages.
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A machine shall be capable of performing its primary function, as specified in Table 4,
continuously within zone A, but need not comply fully with its performance at rated voltage and
frequency (see rating point in Figure 11-anrd-42), and may exhibit some deviations. Temperature

rises

may be higher than at rated voltage and frequency.

A machine shall be capable of performing its primary function within zone B, but may exhibit
greater deviations from its performance at rated voltage and frequency than in zone A.
Temperature rises may be higher than at rated voltage and frequency and most likely will be
higher than those in zone A. Extended operation at the perimeter of zone B is not recommended.

In practical applications and operating conditions, a machine will sometimes be required to

and
reasq
mach

For n
the d
redu
can

variation of voltage and frequency is calculated as:

Oper

and the magnetic pull.

NOTE
and m
extren
docuni

NOTE|

count
Couht

operjite outside the perimeter of zone A. Such excursions should be limited in value, dun

requency of occurrence. Corrective measures should be taken, where practicak, wit
nable time, for example, a reduction in output. Such action may avoid a _reducti
ine life from temperature effects.

hachines that are designed to operate at the temperature rise limits ofsth&ir thermal g

tion of output power as function of the combined variation of voltage and frequency
imit, but not necessarily completely avoid a reduction in mashine life. The comlf

U-Un  f=fN
AD| = |——— —
1A0] Un N

pting outside zone A may also have significant‘effécts on the acoustic noise, the vibn

1 The temperature-rise limits or temperature limits’in accordance with this document apply at the rating
ay be progressively exceeded as the operating point moves away from the rating point. For conditions
e boundaries of zone A, the temperature rises and temperatures typically exceed the limits specified
ent by approximately 10 K; the hot-spot temperature might even increase significantly more.
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NOTE|

e it is required for operational”reasons to operate a machine continuously at the perimeter of zone B a
this requirement can_be,considered beforehand by the customer to specify the required motor rating
bower at rated voltageahd rated frequency or specifying a range of rated voltages) and to have the
nto account in the-metor design.
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Table 4 — Primary functions of machines

Item Machine type Primary function
1 AC generator, excluding item 5 Rated apparent power (kVA), at rated power factor where this is
separately controllable
2 AC motor, excluding item 3 Rated torque (Nm)
3 Synchronous motor Rated torque (Nm), the excitation maintaining either rated field
current or rated power factor, where this is separately
controllable

4 Synchronous-eendenser compensator, | Rated reactive power (k\Ar kVA) within the zone applicable to a
excluding item 5 generator, see Figure 11, unless otherwise agreed

5 Synchronous generator driven by See IEC 60034-3
steam turbines or combustion gas
turbines and synchronous
compensators with rated output >10

MVA
6 DC generator Rated output (kW)
7 DC motor Rated torque (Nm), the excitation of a shunt motor maintaining

rated speed, where this is separately ‘Controllable
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Figure 11 — Voltage and fréquency limits Figure 12 — Worst case increase in
for motors and for generators except temperature rise (A6) and recommended
generators prysynchronous reduction of output power (AP) of motprs
compensatorg within the scope of as a function of the combined chang€ of
IEG 60034-3 and hydro generators within voltage and frequency |AQJ]| (indicatiye
the s€ope of IEC 60034-33 guideline to users of motors and
generators only)

7.5 Three-phase AC machines operating on unearthed systems

Three-phase AC machines shall be suitable for continuous operation with the neutral at or near
earth potential. They shall also be suitable for operation on unearthed systems with one line at
earth potential for infrequent periods of short duration, for example as required for normal fault
clearance. If it is intended to run the machine continuously or for prolonged periods in this
condition, a machine with a level of insulation suitable for this condition will be required.

If the winding does not have the same insulation at the line and neutral ends, this shall be stated
by the manufacturer.
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The earthing or interconnection of the machine's neutral points should not be undertaken
without consulting the machine manufacturer because of the danger of zero-sequence
components of currents of all frequencies under some operating conditions and the risk of
mechanical damage to the windings under line-to-neutral fault conditions.

7.6

Voltage (peak and gradient) withstand levels

For AC machines, the manufacturer shall declare a limiting value for the peak voltage and for
the voltage gradient in continuous operation, if required by the customer.

For machines used in power drive systems (PDS), see also IEC TS 60034-25.
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igh-veltage AC machines with rated voltage Uy > 1 kV, see also IEC 60034-15.
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P experience.
Reference coolant

eference coolant for a given method of cooling the machine is specified in Table 5.

he responsibility of the manufactuter of the machine to interpret the results obtaing

2 The continued use of an.existing insulation system is acceptable where it has been proved by satisf]
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Table 5 — Reference coolant (see also Table 11)

Item Primary Method of Secondary Table Table referred to in Reference coolant
coolant cooling coolant number column 5 specifies
limits of:
1 Air Indirect None +8 Temperature rise Ambient air
2 Air Indirect Air 78 Reference temperature:
40 °C
3 Air Indirect Water #8 Coolantatinletto
machine or-ambient water
4 Hydrogen Indirect Water 89
coalina aac At inlat o
g I
Reference temperatufe of
note)

Referenee temperatufe of
primary coolant at inlet to
machine: 40 °C

Reference temperatufe of
ambient water: 25 °C

5 Air Direct None 1213 Temperature Ambient air
6 Air Direct Air 4213 Reference temperature:
40 °C
7 Air Direct Water 4213 Gas at entry to machjne
- or liquid at entry to the
8 Hydrogen Direct Water 4213 windings
or liquid

Reference temperatufe:
40 °C

NoTEL-A machine with indirect cooled windings and a water cooled heat exchanger may be fated
usind either the primary or secondary*coolant as the reference coolant (see also 10 for
information to be given on the rating plate). A submersible machine with surface cooling or a
machine with water jacket cooling. should be rated using the secondary coolant as refenence
coolgnt.

If a Iuird coolant is used; temperature rise shall be measured above the temperature df the
primary or secondary (oolant as specified in Table 5.

NOTE| A machine may'be so arranged and cooled that more than one item of Table 5 applies, in which case different
referehce coolants_may apply for different windings.

8.3 Conditions for thermal tests

8.3.1 Electrical supply

During thermal testing of an AC machine the HVF of the supply shall not exceed 0,015 and
the negative-sequence component of the system of voltages shall be less than 0,5 % of the
positive-sequence component, the influence of the zero-sequence component being eliminated.

During thermal tests done at full load of machines with a rated voltage up to 1000 V, the average
supply frequency shall be within £0,1 % of the rated frequency, the average supply voltages
shall be within £0,5 % of the rated voltage and the average load shall not be less than the rated
power for the test being conducted.

NOTE For machines with a rated voltage above 1 000 V, the thermal test can be made without the restrictions in
voltage and frequency accuracy due to equipment limitations.

By agreement, the negative-sequence component of the system of currents may be measured
instead of the negative-sequence component of the system of voltages. The negative-sequence
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component of the system of currents shall not exceed 2,5 % of the positive-sequence
component.

8.3.2 Temperature of machine before test

If the temperature of a winding is to be determined from the increase of resistance, the initial
winding temperature shall not differ from the coolant by more than 2 K.

When a machine is to be tested on a short-time rating (duty type S2) its temperature at the
beginning of the thermal test shall be within 5 K of the temperature of the coolant.

8.3.3 Temperature of coolant

A mgchine may be tested at any convenient value of coolant temperature. See Table 12 (for
indirgct cooled windings) or Table 15 (for direct cooled windings).

8.3.:] Measurement of coolant temperature during test
1

8.3.4, General

The yalue to be adopted for the temperature of a coolant during a test shall be the mean aof the
readings of the temperature detectors taken at equal intervals of time during the last quarer of
the duration of the test. To reduce errors due to the time lag. 6f the change of temperatyre of
largel machines following variations in the temperature of thelcoolant, all reasonable precadtions
shall|be taken to minimize such variations.

8.3.4.2 Closed machines without heat exchangers (cooled by surrounding ambient
air or gas)

The femperature of the ambient air or gas.shall be measured by means of several detectors
placgd at different points around and halfway up the machine at 1 m to 2 m from it. Each
detegtor shall be protected from radianttheat and draughts.

8.3.4.3 Open machines and machines cooled by air or gas from a remote source
through ventilation-ducts and machines with separately mounted heat
exchangers

The femperature of the primary coolant shall be measured where it enters the machine.

8.3.44 Closed machines with machine-mounted or internal heat exchangers

The {emperaiuré-of the primary coolant shall be measured where it enters the machine] The
temperature.of'the secondary coolant shall be measured where it enters the heat exchanger.

8.4 | -Temperature rise of a part of a machine

The temperature rise, Af, of a part of a machine is the difference between the temperature of
that part measured by the appropriate method in accordance with 8.5, and the temperature of
the coolant measured in accordance with 8.3.4.

For comparison with the limits of temperature rise (see Table 8 or Table 9) or of temperature
(see Table 13), when possible, the temperature shall be measured immediately before the
machine is shut down at the end of the thermal test, as described in 8.7.

When this is not possible, for example, when using the direct measurement of resistance
method, see 8.6.2.3.
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For machines tested on actual periodic duty (duty types S3 to S8) the temperature at the end
of the test shall be taken as that at the middle of the rise period causing the greatest heating in
the last cycle of operation (but see also 8.7.3).

8.5 Methods of measurement of temperature
8.5.1 General
Three methods of measuring the temperature of windings and other parts are recognized:

— resistance method;

— efnbedded temperature detecior (ETD) method,
— thermometer method.

Diffefent methods shall not be used as a check upon one another.
For indirect testing, see IEC 60034-29.

8.5.2 Resistance method

The femperature of the windings is determined from the increase of the resistance of the
windings.

8.5.3 Embedded temperature detector (ETD) method

The |temperature is determined by means of ({emperature detectors (e.g. resisfance
thermometers, thermocouples or semi-conductor snegative coefficient detectors) built intp the
machine during construction, at points which arélinaccessible after the machine is complgted.

8.5.4 Thermometer method

The [temperature is determined by_thermometers applied to accessible surfaces of the
completed machine. The term 'thermometer' includes not only bulb-thermometers, but also|non-
embegdded thermocouples and resistance thermometers. When bulb-thermometers are usled in
placgs where there is a strong:varying or moving magnetic field, alcohol thermometers shfll be
used|in preference to mercuryjthermometers.

8.6 | Determinationof\winding temperature
8.6.1 Choice of method

In geperal, formeasuring the temperature of the windings of a machine, the resistance method
in acpordance with 8.5.2 shall be applied (but see also 8.6.2.3.3).

For AC.stator windings of machines having a rated output of 5 000 kW (or kVA) or morg the
ETD method shall be used.

NOTE |If agreed between manufacturer and customer, the resistance method may be used also for machines having
a rated output of 5 000 kW (or kVA).

For AC stator windings of machines having a rated output less than 5 000 kW (or kVA) but
greater than 200 kW (or kVA), the manufacturer shall choose either the resistance or the ETD
method, unless otherwise agreed.

For AC stator windings of machines having a rated output less than or equal to 200 kW (or kVA)
the manufacturer shall choose the direct measurement version or the superposition version of
the resistance method (see 8.6.2.1), unless otherwise agreed (but see also below).
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For machines having a rated output less than or equal to 600 W (or VA), when the windings are
non-uniform or severe complications are involved in making the necessary connections, the
temperature may be determined by means of thermometers. Temperature rise limits in
accordance with Table 8, item 1d) for resistance method shall apply.

The thermometer method is recognized in the following cases:

a)

b)

c)

For AC stator windings having only one coil-side per slot, the ETD method shall hot'be use
verifying compliance with this document: the resistance method shall be used

NoTElL-For checking the temperature of such windings in service, an embedded detector 2
bottojm of the slot is of little value because it gives mainly the temperatire of the iron co
detegtor placed between the coil and the wedge will follow the temperature of the winding

more{ closely and is, therefore, better for checks in service. Becausethe temperature therg

when it is not practicable to determine the temperature rise by the resistance method as,

for example, with low-resistance commutating coils and compensating windings an

d, in

general, in the case of low-resistance windings, especially when the resistance of joints and

connections forms a considerable proportion of the total resistance;

s[ngle layer windings, rotating or stationary;

dbring routine tests on machines manufactured in large numbers.

d for

t the
re. A
much
may

be rgther low, the relation between it and the temperature measured by the resistance me¢thod

shou|d be determined by a thermal test.

For gqther windings having one coil-side per slot and for’end windings, the ETD method
not ble used for verifying compliance with this document.

For windings of armatures having commutators and for field windings, the resistance meth
recognized. For stationary field windings of DG machines having more than one layer the
methpd may be used.

8.6.2 Determination by resistance method
8.6.2/.1 Measurement

One pf the following version§ of the method shall be used:

rect measurementwat'the beginning and the end of the test, using an instrument hay
Jitable range;

easurement by. DC current/voltage in DC windings, by measuring the current in an
bltage across the winding, using instruments having suitable ranges;

inding;'when de-energized;

shall

od is
ETD

ing a

d the

b the

f DC

easurement by DC current/voltage in AC windings, by superposing small amount g

d
s
m
v
measurement by DC current/voltage in AC windings, by injecting direct current int
W
m
c

urrent into the winding, when energized.

8.6.2.2 Calculation

The temperature rise, 6, — 6,, may be obtained from the formula:

92 +k _R_2
91+k R1

where

0, is the temperature (°C) of the winding (cold) at the moment of the initial resistance

measurement;
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6, is the temperature (°C) of the winding at the end of the thermal test;
6, is the temperature (°C) of the coolant at the end of the thermal test;
R, is the resistance of the winding at temperature 6, (cold);

R, is the resistance of the winding at the end of the thermal test;

k is the reciprocal of the temperature coefficient of resistance at 0 °C of the conductor
material.

For copper k£ = 235.

For aluminium k£ = 225, unless specified otherwise.

For gractical purposes, the following alternative formula may be found convenient:

Ro — R
92—98=%x(k+91)+91—6’a

8.6.2,.3 Correction for stopping time
8.6.2.3.1 General

The measurement of temperatures at the end of the thermaktést by the direct measurement
resistance method requires a quick shutdown. A carefully ptanned procedure and an adequate
number of people are required.

8.6.2.3.2 Short stopping time

If thg initial resistance reading is obtained within the time interval specified in Table 6] that
reading shall be accepted for the temperature measurement.

Table’6 — Time interval

Rated output.(P) Time interval after switching off power
kW orkVA s
Py <50 30
50 < Py =200 90
200 < Py =5000 120
5000 < Py By agreement

8.6.2.3.3 Extended stopping time

If a resistance reading cannot be made in the time interval specified in Table 6, it shall be made
as soon as possible but not after more than twice the interval specified in Table 6, and additional
readings shall be taken at intervals of approximately 1 min until these readings have begun a
distinct decline from their maximum value. A curve of these readings shall be plotted as a
function of time and extrapolated to the appropriate time interval of Table 6 for the rated output
of the machine. A semi-logarithmic plot is recommended where temperature or resistance is
plotted on the logarithmic scale. The value of temperature thus obtained shall be considered as
the temperature at shutdown. If successive measurements show increasing temperatures after
shutdown the highest value shall be taken.

If a resistance reading cannot be made until after twice the time interval specified in Table 6,
this method of correction shall only be used by agreement.
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8.6.2.3.4 Windings with one coil-side per slot

For machines with one coil-side per slot, the resistance method by direct measurement may be
used if the machine comes to rest within the time interval specified in Table 6. If the machine
takes more than 90 s to come to rest after switching off the power, the superposition method
(see 8.6.2.1) may be used if previously agreed.

8.6.3 Determination by ETD method
8.6.3.1 General

The detectors-shallbe cnifahly distributed fhrr\nghnnf the \Alinr'ling and-the number of detectors
installed shall be not less than six.

All reasonable efforts, consistent with safety, shall be made to place the detectors at'the points
wherg the highest temperatures are likely to occur, in such a manner that they. are effectively
protgcted against contact with the primary coolant.

The lhighest reading from the ETD elements shall be used to determine)the temperature qf the
winding.

ETD |elements or their connections may fail and give incorrect\readings. Therefore, if one or
more| readings are shown to be erratic, after investigation they‘should be eliminated.

8.6.3,.2 Two or more coil-sides per slot

The g¢etectors shall be located between the insulated coil-sides within the slot in positions at
whiclh the highest temperatures are likely to occur:

8.6.3,.3 One coil-side per slot

The detectors shall be located between'the wedge and the outside of the winding insulation in
positlons at which the highest temperatures are likely to occur, but see also 8.6.1.

8.6.314 End windings

The temperature detectors shall be located between two adjacent coil-sides within thg end
windings in positions where the highest temperatures are likely to occur. The sensing pojnt of
each| detector shall-be’in close contact with the surface of a coil-side and be adeqguyately
protected against the-influence of the coolant, but see also 8.6.1.

When placing a‘temperature detector in the end windings of high voltage machines, care|shall
be taken thatthe stress grading of the insulation is not compromised and that the differenfce of
potential‘along the winding overhang does not cause problems. In addition, the ground qf the
meaguring system is thus directly capacitive coupled to the HV-system. Disconnection qf the
measurement ground will in this case immediately Tead to over voltages on the measuring
system. Measures have to be taken to prevent consequential damage up to lethal injuries.

NOTE |If the stator winding is a direct liquid cooled bar type, a temperature detector installed in the nozzle area of
each bar monitoring water outlet temperature can give an indication of conductor strand cooling passage blocking.

8.6.4 Determination by thermometer method

All reasonable efforts, consistent with safety, shall be made to place thermometers at the point,
or points where the highest temperatures are likely to occur (e.g. in the end windings close to
the core iron) in such a manner that they are effectively protected against contact with the
primary coolant and are in good thermal contact with the winding or other part of the machine.

The highest reading from any thermometer shall be taken to be the temperature of the winding
or other part of the machine.
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8.7 Duration of thermal tests
8.7.1 Rating for continuous running duty

The test shall be continued until thermal equilibrium has been reached.

8.7.2 Rating for short-time duty

The duration of the test shall be the time given in the rating.

8.7.3 Rating for periodic duty

Normally the rating for equivalent loading assigned by the manufacturer (see 5.2.6) shall be
applied until thermal equilibrium has been reached. If a test on the actual duty is agreed, the
load tycle specified shall be applied and continued until practically identical temperature cjycles
are optained. The criterion for this shall be that a straight line between the corresponding points
of supcessive duty cycles on a temperature plot has a gradient of less than 1¢(K'per half hqur. If
necepsary, measurements shall be taken at reasonable intervals over a period of|time
(see [3.25).

8.7.4 Ratings for non-periodic duty and for duty with discrete-constant loads

Therlating for equivalent loading assigned by the manufacturer (s€e 5.2.6) shall be applied until
thernpal equilibrium has been reached.

8.8 | Determination of the thermal equivalent time constant for machines of
duty type S9

The thermal equivalent time constant with ventilatien as in normal operating conditions, suitable
for approximate determination of the temperature course, can be determined from the cdoling
curvg plotted in the same manner as in 8,6:2.3. The value of the time constant is 1,44 {imes
(that[is to say, 1/In(2) times) the time taken by the machine to cool to one-half of the fullfload
tempgrature rise, after its disconnection:from the supply.

8.9 | Measurement of bearing.temperature

Either the thermometer method or the ETD method may be used.

The measuring point¢shall be as near as possible to one of the two locations specified in
Tabl¢ 7.

Table 7 — Measuring points

Type of(bearing Measuring point Location of measuring point
Hall 'erroller A In the bearing housing preferably in contact with the outer ring|of
the bearing, but not more than TU mm? from 1t°
B Outer surface of the bearing housing as close as possible to the
outer ring of the bearing
Sleeve or tilting A In the pressure zone of the bearing shell¢ and not more than
pad 10 mma from the oil-film gap®.
B Elsewhere in the bearing shell

2 The distance is measured to the nearest point of the ETD or thermometer bulb.

In the case of an ‘inside out’ machine, point A will be in the stationary part not more than 10 mm from the
inner ring and point B on the outer surface of the stationary part as close as possible to the inner ring.

¢ The bearing shell is the part supporting the bearing material and which is secured in the housing. The pressure
zone is the portion of the circumference which supports the combination of rotor weight and radial loads.
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The thermal resistance between the temperature detector and the object whose temperature is
to be measured shall be minimized; for example, air gaps shall be packed with thermally
conducting paste.

NOTE Between the measuring points A and B, as well as between these points and the hottest point of the bearing,
there are temperature differences which depend, among other things, on the bearing size. For sleeve bearings with
pressed-in bushings and for ball and roller bearings with an inside diameter of up to 150 mm, the temperature
difference between points A and B may be assumed to be negligible. In the case of larger bearings, the temperature
difference between measuring points A and B is approximately 15 K.

8.10 Limits of temperature and of temperature rise

8.10.4—General

Limits are given for operation under site operating conditions specified in Clause 6 andhat rating
for cgntinuous running duty (reference conditions), followed by rules for the adjustment of those
limit§ when operating at site under other conditions and on other ratings. Furthef rules| give
adjugtments to the limits during thermal testing when conditions at the test site,differ from those
at the operating site.

It is junderstood that the temperature of the hottest point of each winding under referlence
cond|tions, i.e. the rated conditions, generally does not exceed 'the agreed thermal flass
temperature of the insulation system.

The limits are stated relative to the reference coolant specified in Table 5.
A rulg is given to allow for the purity of hydrogen coolant.

8.10.2 Indirect cooled windings

Temperature rises under reference conditions shall not exceed the limits given in Table 8 (air
coolgnt) or Table 9 (hydrogen coolant) as_appropriate for both, ETD and R method if applicable.

NOTE| The measured temperature differences between method ETD and method R may be significantly higher or
lower than the temperature limits specifiediin’Table 8 or Table 9, depending on the machine design and the dooling
system. It is not intended to compare ETD.and R method against each other.

For gther operating site conditions, for ratings other than continuous running duty, and for rated
voltapes greater than 12,000 V, the limits shall be adjusted according to Table 10. (Seg| also
Tabl¢ 11 for limit on coolant temperature which is assumed in Table 10.)

In thé case of thermometer readings made in accordance with 8.6.1, the limit of temperpture
rise ghall be according to Table 8.

If, for windings indirectly cooled by air, conditions at the test site differ from those 4t the
operarting Site, the adjusted limits given in Table 12 shall apply at the test site.

If the adjusted limits given in Table 12 lead to permissible temperatures at the test site which
the manufacturer considers to be excessive, the testing procedure and the limits shall be
agreed.

If temperature rise is to be measured above the temperature of the water where it enters the
cooler, the effect of altitude on the temperature difference between air and water should strictly
be allowed for. However, for most cooler designs, the effect will be small, the difference
increasing with increasing altitude at the rate of roughly 2 K per 1 000 m. If an adjustment is
necessary, it should be by agreement.

No adjustments at the test site are given for windings indirectly cooled by hydrogen, because it
is very unlikely that they will be tested at rated load anywhere other than at the operating site.
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Table 9 — Limits of temperature rise of windings indirectly cooled by hydrogen

Thermal class 130 (B) 155 (F)
Method of measurement Resistance | ETD | Resistance | ETD
ETD = Embedded temperature detector K K K K
Item
1 AC windings of machines having outputs of 5 000 kW (or kVA)
or more or having a core length of 1 m or more
Absolute hydrogen pressure ° < 150 kPa (1,5 bar) - 852 - 1052
> 150 kPa < 200 kPa (2,0 bar) - 802 - ooa
> 200 kPa < 300 kPa (3,0 bar) - 782 - Dg @
> 300 kPa < 400 kPa (4,0 bar) - 732 S p3 @
> 400 kPa - 702 - Do 2
2a | |AC windings of machines having outputs of less than 80 g5 a 100 1102
5 000 kW (or kVA), or having a core length of less than 1 m
2b | | DC field windings of AC and DC machines other than those in 80 ~ 105 -
items 3 and 4
3 DC field windings of machines having cylindrical rotors 85 - 105 -
4a | | Low-resistance field windings of more than one layer and 80 - 100 -
compensating windings
4b | | Single-layer windings with exposed bare or varnished metal 90 - 110 -
surfaces °
a8 For adjustment for high-voltage AC windings, see item 4 of.Table 10.
b This is the only item where the limit of temperature rise‘is dependent on hydrogen pressure.
¢ Also includes multi-layer field windings provided*that the under layers are each in contact with the circulating

pifimary coolant.
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Table 10 — Adjustments to limits of temperature rise at the operating site of indirect
cooled windings to take account of non-reference operating conditions and ratings

Item

Operation conditions or
rating

Adjustment to limit of
temperature rise (A6) in
Table 8 and Table 9

Item

1a

Maximum temperature of
ambient air or of the
cooling gas at inlet to the
machine (6,) and for

altitudes of up to
1000 m.

0°C=<¢,<40°C

Increased by the amount by which the coolant
temperature is less than 40 °C.

If the difference between
the thermal class and the
observable limit of
temperature, consisting
of the sum of the
reference cold coolant
inlet temperature of

40 °C and the limit of
temperature rise
according to Table 8 and
Table 9 is less or equal
to 5 K:

For a higher altitude
replace 40 °C with the
value given in Table 11.

1b

1c

1d

Maximum temperature of
ambient air or of the
cooling gas at the inlet to
the machine (6,) and for

altitudes of up to
1000 m.

If the difference between
the thermal class and the
observable limit of the
temperature, consisting
of the sum of the
reference cold coolant
inlet temperature of

40 °C and the limit of
temperature rise
according to Table 8,and
Table 9 is larger than

5 K:

For a higher,altitude
replace 40:2C with the
value given-in Table 11.

40°C<6,<60°C

9,<0°Corg,>60°C

The limit of temperature rise A0 for cold ga

temperature ¢, shall be

where

AG

ref

ThCI

Cref

Reduced by the amount by which the coola

N

frhel —Oc
hcl — Ocref

b

is the limit of temperature rise acconding

to Table 8 or Table 9 at 40 °C;

is the temperature of the thermal clg
(for example 130 °C or 155 °C);

is the reference cold coolant
temperature (40 °C).

temperature exceeds 40 °C

By agreement

ht
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Item | Operation conditions or | Adjustment to limit of Item
rating temperature rise (A6) in
Table 8 and Table 9
2 Maximum temperature of 5°C=<¢g,<25°C Increased by 15 K and by the difference
the water at the inlet to between 25 °C and 6,
water-cooled heat
exchangers or maximum 6,>25°C Increased by 15 K and reduced by the
temperature of the difference between ¢, and 25 °C
ambient water for
submersible machines
with surface cooling or
machines with water
jacket cooling (6,
3a Altitude (H) — general 1000m<H<4000m No adjustment. It shall be assumed thatthg
rule and maximum ambient reduced cooling resulting from altitudenis
air temperature not compensated by a reduction of maximum
specified ambient temperature below 40 °C and that [he
total temperature will therefore.not exceed
40 °C plus the Table 8 and Table 9 temperature
rises @
H>4000m By agreement
3b Altitude (H) — power plant according specification The capability of-pewer plant generators
generator specific of the purchaser should be adjusted and is a function of the
altitude (airpressure). No adjustment of the
capability/is\needed for power plant generators
if the absolute coolant pressure is maintaingd
constant regardless of the altitude.
4 Rated stator winding 12 kV < Uy = 24 kV Abdor embedded temperature detectors (ETD)
voltage (Uy) shall be reduced by 1 K for each 1 kV (or part
thereof) from 12 kV up to and including 24 kV
Uy > 24 kV By agreement
5b Rating for short-time duty (S2), with rated output less | Increased by 10 K
than 5 000 kW (kVA)
6P Rating for non-periodic duty (S9) A may be exceeded for short periods durirlg
the operation of the machine
7b Rating for duty with discrete loads:(S10) A6 may be exceeded for discrete periods
during the operation of the machine
a8 Assuming the decrease in ambient temperature is 1 % of the limiting rises for every 100 m of altitude alpove
1| 000 m, the maximum ambient air temperature at the operating site can be as shown in Table 11.
b Hor air-cooled windings.only.
Table 11 — Assumed maximum ambient temperature
Thermal class
Altitude 130 (B) 155 (F) 180 (H) 200 (N)
v Temperature
°C
1000 40 40 40 40
2 000 32 30 28 26
3 000 24 19 15 12
4 000 16 9 3 0

8.10.3 Direct cooled windings

Temperatures under reference conditions shall not exceed the limits given in Table 13.

For other operating site conditions the limits shall be adjusted according to Table 14.
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If conditions at the test site differ from those at the operating site, the adjusted limits given in
Table 15 shall apply at the test site.

If the adjusted limits given in Table 15 lead to temperatures at the test site which the
manufacturer considers to be excessive, the testing procedure and the limits shall be agreed.

8.10.4 Adjustments to take account of hydrogen purity on test

For windings directly or indirectly cooled by hydrogen, no adjustment shall be made to limits of
temperature rise or of total temperature if the proportion of hydrogen in the coolant is between

95 %

and 100 %.

8.10.

The
or to

8.10.

The
be d

The femperature rise or temperature of a commutator or slipring shall not exceed that at V

the c

the full operating range.

5 Permanently short-circuited windings, magnetic cores and all structural
components (other than bearings) whether or not in contact with insulation

emperature rise or the temperature shall not be detrimental to the insulation of tha
any other part adjacent to it.

emperature rise or temperature of any commutator, slipring, brush or brushgear sh
trimental to the insulation of that part or any adjacent part!

bmbination of brush grade and commutator or slipring material can handle the current

Table 12 — Adjusted limits of temperature rise at the test site (A6y)

for windings indirectly cooled by air to take account of
test site operating conditions

6 Commutators and sliprings, open or enclosed and their brushes and brushjear

part

Il not

vhich
over

Item Test condition Adjusted limit at test site A,
1 Temperature difference of Absolute value of AOr = AO
reference coolant at test site
(6,7) and operating site (¢;) (0= 6,7) = 30K
Absolute value of By agreement
(60,- 0,4)>30K
2 Difference oftaltitudes of test 1000m<H<4000m H -1000m
site (H;) and operating site (H) A = A1 - —
Hy=1000m 10 000 m
H<1000m ror - nel 1 Hy —1000 m
1000 m < Hy <4000 m T T 0000 m
1000m < H<4000m
Aoy = a0 14 211
1000m<HTs4000m L 10000 m

H>4000morH;>4000m |Byagreement

NOTE-4+ AQis given in Table 8 and adjusted if necessary in accordance with Table 10.
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Table 13 — Limits of temperature of directly cooled windings and their coolants

Thermal class 130 (B) 155 (F)
Method of measurement Thermo- | Resistance | ETD [Thermo-| Resistance | ETD
meter meter
°C °C °C °C °C °C
Item Part of the machine
1 |Coolant at the outlet of direct-cooled
AC windings. These temperatures are
preferred to the values given in item 2
as the basis of rating.
1a) TGastairhydrogem et et +16 = = 136 = -
1b) | |Liquid (water, oil, etc.) 90 - - 90 - -
2 | [AC windings ]
2a) | |Gas cooled - S 1202 - 4 45 @
2b) | |Liquid or evaporative cooled I
3 | |Field windings of turbine type
machines
3a)| |Cooled by gas leaving the rotor
through the following number of outlet
regions ®
1and 2 - 100 £ - 115 -
3and 4 - 105 e - 120 -
5and 6 - 110 - - 125 -
7 to 14 - 115 - - 130 -
above 14 - 120 - - 135 -
3b) | | Liquid or evaporative cooled Observance «0f the maximum coolant temperature given in
item 1b) will ensure that the hotspot temperature of the windipg
is not excessive
4 Field windings of AC and DC
machines having DC excitation other
than in item 3.
4a) | | Gas cooled - 130 - - 150 -
4b) | [Liquid or evaporative cooled Observance of the maximum coolant temperature given in
item 1b) will ensure that the hotspot temperature of the windipg is
not excessive
2 Np adjustment in the case of high-voltage AC windings is applicable to these items, see Table 14, item 2
b The rotor ventilation is classified by the number of radial outlet regions on the total length of the rotor. Special
olitlet regions for the goglant of the end windings are included as one outlet for each end. The common putlet
rggion of two axiallyopposed flows is to be counted as two regions.

Tiable 14 <Adjustments to limits of temperature at the operating site for windings
directly cooled by air or hydrogen to take account of non-reference
operating conditions and ratings
Ite Opprafing caondition or rafing Adjuqupnf to limit of temperature in Table 13
1 Temperature 6, of 0°C=¢,<40°C Reduction by the amount of the difference between
reference coolant 40 °C and ¢_. However, by agreement, a smaller

reduction may be applied, provided that for 6, < 10 °C
the reduction is made at least equal to the difference
between 10 °C and 4.
40°C<6,<60°C No adjustment
6.<0°Corg >60°C |Byagreement
2 Rated stator winding No adjustment

voltage (Uy)

Uy > 11kV

the winding.

The heat flow is mainly towards the coolant inside the
conductors and not through the main insulation of
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Table 15 — Adjusted limits of temperature at the test site &; for windings
directly cooled by air to take account of test site operating conditions

Item Test condition Adjusted limit of temperature
at test site 6
1 Difference of reference Absolute value of 0, =0
coolant temperatures of
test site (6,;) and (0, = 6,7) = 30K
operating site (6,) Absolute value of By agreement
(60,- 0,4)>30K
2 Difference of altitudes 1000m<H<4000m
of test site (H;) and O+ = (g .y 17w r
ing si Hy <1000m T ° 10000m ) ¢
operating site (H)
H<1000m
< oy —(9-0,) 1+ 110007,
1000m<HT_4000m 10 000.M
1000m<H<4000m
3 o =(0-0, I + 04
1000m<HT_4000m 10000 m
H>4000mor H; >4000m |By agreement
NOTE @is given in Table 13 and adjusted if necessary in accordance with Table 14.

9 Other performance and tests

9.1 Routine tests

Rout|ne tests are always factory tests.(They shall be performed on all machines whic

n are

assenbled at the factory of the manufaeturer. The machines need not be completely assempled.

They|can lack components which are not significant for the testing. Routine tests do not
the nmpachines to be coupled except for the open-circuit test on synchronous machines.

need

The minimum test schedule is'listed in Table 16 and is applicable for machines with rated output
< 20 MW (MVA) that areassembled and tested in the factory. Additional routine tests may be
perfdrmed especially (on"machines with ratings above 200 kW (kVA). The term synchrgnous

machines includes brushless permanent magnet machines.

For DC machines, depending on size and design, a commutation test under load mdy be

perfdrmed-as.a routine test.
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Table 16 — Minimum routine tests for machines assembled
and tested in the factory of the manufacturer

h : hi .
( ||sllushng “I'“' sep zu_ata_ of
induction motors)2 Mleters | Gemerniers
2 No-load-losses-and-current-® Yes -
3a No-loadlosses-at-unity power - Yes¢
factor®
3b No-load excitation current at - Yegd
S
testP
4 e - -
speed and rated armature
voltage
9 Open-circuit secondary-induced Yes -
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Item Test Induction Electrically Synchronous DC machines
machines excited reluctance with separate
(including synchronous machines and or shunt
synchronous machines PM excited excitation
induction synchronous
machines) @ machines
1 Resistance of windings (cold) Yes Yes Yes Yes
2 No-load losses and current ¢ Yes - Yes -
3a No-load losses at unity power - Yes © - -
factor ©
3 No-load excitation current at = Yes © = =
rated voltage by open-circuit
test ©
4 Excitation current at rated - - - Yes
speed and rated armature
voltage
5 Open circuit secondary Yes - - -
induced voltage at standstill
(wound rotor)P
6 Direction of rotation (motors) Yes Yes Yes Yes
or phase sequence
(generators)
7 Withstand voltage test Yes Yes Yes Yes
according to 9.2

()
junl

C 60050-411:1996, 411-33-04.

o
-n

r safety considerations this test may be performed at reduced voltage.

¢ Oply one of the tests 3a or 3b is required.

a
Z

b stabilization of temperature required for measurément of no-load losses.

9.2 | Withstand voltage test

A tegdt voltage, as specified below, shall be applied between the windings under test angd the
fram¢ of the machine, with the:cére and the windings not under test connected to the frame. It
shalllbe applied only to a new.and completed machine with all its parts in place under conditions
equijalent to normal working conditions and shall be carried out at the manufacturer's factory
or affer erection on site: A withstand voltage test shall be carried out after the completion of the
full tg¢st sequence.

For ¢quipment/manufactured for stock holding, the withstand voltage test carried oyt for
acceptanceOn)completion of manufacture remains valid and shall not be repeated provided the
test yoltage.is equal to, or greater than, the test voltage given in Table 17 based on the rated
voltape/noted on the rating plate.

NOTE 1 For high voltage machines, additional methods as described in the parts of IEC 60034-27 can be used to
prove the suitability of the machine winding insulation system.

Except as stated below, the frequency of the test voltage shall be the power frequency at the
factory of the manufacturer, and the voltage waveform shall be as near as possible to a sine
wave form. The final value of the voltage shall be in accordance with Table 17. However, for
machines with a rated voltage 6 kV or greater, when power frequency equipment is not
available, then by agreement a DC test may be carried out at a voltage 1,7 times the r.m.s.
value given in Table 17.

NOTE 2 It is recognized that, during a DC test, the surface potential distribution along the end winding insulation
and the ageing mechanisms are different from those occurring during an AC test.

In the case of polyphase machines with rated voltage above 1 kV having both ends of each
phase individually accessible, the test voltage shall be applied between each phase and the
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frame, with the core and the other phases and windings not under test connected to the frame.
The test shall be commenced at a voltage not exceeding half of the full test voltage. The voltage
shall then be increased to the full value, steadily or in steps of not more than 5 % of the full
value, the time allowed for the voltage increase from half to full value being not less than 10 s.
The full test voltage shall then be maintained for 1 min in accordance with the value as specified
in Table 17. The voltage test equipment shall be capable of maintaining the test voltage
throughout the test within +5 % of the specified value. There shall be no failure (see IEC 60060-

1) du

ring this period.

During the routine testing of quantity produced machines up to 200 kW (or kVA) and rated for
Uy = 1 kV, the 1 min test may be replaced by a test of 1 s at 120 % of the test voltage specified

in Taple 17. In the case applying this for very small sized machines rated up to 1 kW (ar

with
in Tg
exce

The

repeated. If, however, a second test is made at the request of the purchaser, after further d

if con

To de¢termine the test voltage from Table 17 for DC motors supplied-by static power conve

thed

at the¢ input terminals of the static power converter shall be used, whichever is the greater.

Volta

For v
assig
IECH|
as de

Com

When a user and a repair contractor have agreed to carry out withstand voltage tests in @

wher
folloy

a) P
th
b) O
tq
g

VIC C or D assigned (item 2b in Table 17), 120 % of the test voltage according to itg
ble 17 (i. e. including the test voltage factor according to Table 18) for 1s faay b
Esive. In this case, 100 % of the test voltage specified in Table 17 can be used for 1 s

vithstand voltage test at full voltage made on the windings on acceptance shall n

sidered necessary, the test voltage shall be 80 % of the voltage.specified in Table 1

rect voltage of the motor or the r.m.s. phase-to-phase value'of the rated alternating vo

ariable speed AC machines that are subjected\o impulse voltages during operation h
ned an Impulse Voltage Insulation Class (IVIC) according to IEC 60034-18-4
0034-18-42, the test voltage shall be chosen according to the IVIC of its insulation sy

bletely rewound windings shall bé-tested at the full test voltage for new machines.

e windings have been (partially rewound or in the case of an overhauled maching
ving procedure is recommended:

artially rewound. windings are tested at 75 % of the test voltage for a new machine. B
e test, the old '‘part of the winding shall be carefully cleaned and dried.

1,5 times'the rated voltage, with a minimum of 1 000 V if the rated voltage is equal
reater<than 100 V and a minimum of 500 V if the rated voltage is less than 100 V.

fined in IEC 60034-18-41 or IEC 60034%18-42, respectively (see item 2b in Table 17)).

kVA)
m 2b
b too
test.

bt be

rying
7.

rters,
Itage

ge variation according to 7.3 should not be considered when determining the test voltage.

bving
1 or
stem

ases
, the

efore

verhauled-machines, after cleaning and drying, are subjected to a test at a voltage ¢qual

to or
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Table 17 — Withstand voltage tests

Item Machine or part Test voltage © (r.m.s.)

1 Insulated windings of rotating machines of rated | 500 V + twice the rated voltage
output less than 1 kW (or kVA) and of rated
voltage less than 100 V with the exception of
those in items 4 to 8

2 Insulated windings of rotating machines of rated
output less than 10 000 kW (or kVA) with the
exception of those in item 1 and items 4 to 8 °

2a) | for sinusoidal supply or for frequency converter |1 000 V + twice the rated voltage with a minimum of

SUPPTYy Wit trhie eACEpPLOIT U tuse 1T el 20 I U0V *

2b)| | with an IVIC assigned according to 1 000 V + twice the rated voltage multiplied_ with the
IEC 60034-18-41 or IEC 60034-18-42, i.e. test voltage factor (TVF) according to Tabfe/.8,
subjected to repetitive impulse voltages, such i.e. 1000V + (2 x Uy x TVF)

as those generated by pulse width modulation
(PWM) voltage-source converters

3 Insulated windings of rotating machines of rated
output 10 000 kW (or kVA) or more with the
exception of those in items 4 to 8 P

Rated voltage 2:

- up to and including 24 000 V 1 000 V + twice the rated voltage
- above 24 000 V Subject to agreement

4 Separately excited field windings of DC 1 000 V #+ twice the maximum rated circuit voltagg with
machines a minimum of 1 500 V

5 Field windings of synchronous generators,

synchronous motors and synchronous
condensers compensators.

5a)| | Rated field voltage:

- up to, and including 500 V, Ten times the rated field voltage with a minimum ¢f
1500V
- above 500 V. 4 000 V + twice the rated field voltage

5b)| | When a machine is intended to be‘started with Ten times the rated field voltage with a minimum ¢f
the field winding short-circujted or connected 1 500 V and a maximum of 3 500 V.
across a resistance of value.less than ten times
the resistance of the winding

5c¢)| | When the machine is intended to be started 1 000 V + twice the maximum value of the r.m.s.
either with the field"winding connected across a | voltage, which can occur under the specified start|ng
resistance of value-equal to, or more than, ten conditions, between the terminals of the field winding,
times the resistance of the winding, or with the or in the case of a sectionalized field winding between
field windings,on open circuit with or without a the terminals of any section, with a minimum of
field-dividing switch 1500V¢°

6 Secendary (usually rotor) windings of induction
machines or synchronous induction motors if not
permanently short-circuited (e.g. if intended for
theostatic starting)

6a) | For non-reversing motors or motors reversible 1 000 V + twice the open-circuit standstill voltage as

from standstill only measured between slip-rings or secondary terminals
with rated voltage applied to the primary windings

6b) | For motors to be reversed or braked by 1 000 V + four times the open-circuit standstill
reversing the primary supply while the motor is | secondary voltage as defined in item 6a)
running

7 Exciters (except as below) As for the windings to which they are connected

Exception 1: exciters of synchronous motors 1 000 V + twice the rated exciter voltage, with a
(including synchronous induction motors) if minimum of 1 500 V

connected to earth or disconnected from the
field windings during starting

Exception 2: separately excited field windings of
exciters (see item 4)
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Item Machine or part

Test voltage © (r.m.s.)

8 Electrically interconnected machines and
apparatus be avoided if possible, but if a test is performed o

group of machines and apparatus, each having

appropriate for any individual piece of the
arrangement ¢

A repetition of the tests in items 1 to 7 above should

na

previously passed its withstand voltage test, the test
voltage to be applied to such an electrically connected
arrangement shall be 80 % of the lowest test voltage

9 Devices that are in physical contact with 1500V
windings, for example, temperature detectors,

shall be tested to the machine frame.

During the withstand voltage test on the
machine winding, all devices in physical contact
with the winding shall be connected to the
machine frame.

10 For devices used on extra-low voltage circuits
with protective-separation, which are not used
in explosive atmospheres, it is sufficient to
connect them to the frame when performing the
tests according to the previous items.

no test required

n

pr two-phase windings having one terminal in common, the voltage in the fofmula shall be the highest
Itage arising between any two terminals during operation.

<

Withstand tests on machines having graded insulation should be the subject of agreement.

—

he voltage occurring between the terminals of the field windings, or sections thereof, under the spe
sfarting conditions, may be measured at any convenient reduced supply voltage, and the voltage so mea
shall be increased in the ratio of the specified starting supply veltage to the test supply voltage.

Fpr windings of one or more machines connected together electrically, the voltage to be considered i
maximum voltage that occurs in relation to earth.

—

he leakage current drawn by the machine during withstand voltage test will vary according to the size
mlachine.

r| case of an IVIC assigned, it is sufficient to {est the phase-to-ground insulation only.

.m.s.

cified

tured

s the

f the

Table 18 — Test voltage fagtors for machines with an assigned Impulse Voltage
Insulation Class (IVI€).according to IEC 60034-18-41 and IEC 60034-18-42

Windings,within the scope of Windings within the scope of
IEC\60034-18-41 IEC 60034-18-42
IVIC phase*to- Test voltage IVIC phase-to- Test voltage
ground factor ground factor
A 1,0 1to4 1,0
B 1,0 5 1,2
C 1,3 6 1,3
D 1.7 7 1.5
o Ed o v
22 22

a

In case of the manufacturer specified Impulse Voltage Insulation Class (IVIC) S,
Y is the maximum allowable peak to peak operating value of the phase-to-ground
voltage in units of the rated voltage U,.
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9.3 Occasional excess current
9.3.1 General

The excess current capability of rotating machines is given for the purpose of co-ordinating
these machines with control and protective devices. Tests to demonstrate these capabilities are
not a requirement of this document. The heating effect in the machine windings varies
approximately as the product of the time and the square of the current. A current in excess of
the rated current will result in increased temperature. Unless otherwise agreed, it can be
assumed that the machine will not be operated at the excess currents specified for more than
a few short periods during the lifetime of the machine. When an AC machine is to be used as
both a generator and a motor, the excess current capability should be the subject of agreement.

NOTE| For the capability of synchronous machines concerning the occasional negative-sequence cemponlent of
current under fault conditions, see 7.2.3.

9.3.2 Generators

AC generators having rated outputs not exceeding 1 200 MVA shall be capable of withstanding
a current equal to 1,5 times the rated current for not less than 30 s.

AC generators having rated outputs above 1 200 MVA shall be capable of withstanding a crrent
equal to 1,5 times the rated current for a period which shall be agreed, but this period shall be
not lgss than 15 s.

9.3.3 Motors (except commutator motors and permanent magnet motors)

Polyphase motors having rated outputs not exceeding.315 kW and rated voltages not exceg¢ding
1 kVshall be capable of withstanding:

— a|current equal to 1,5 times the rated current for not less than 2 min.

NOTE| For polyphase motors having rated outputs-above 315 kW and all single-phase motors, no occasional gxcess
current is specified.

9.3. Commutator machines

A cofnmutator machine shall be\capable of withstanding, for 60 s, 1,5 times rated current under
the appropriate combination‘ef conditions as follows:

a) speed:

-_—

DC motor: highest full-field speed;

N

DC generator: rated speed;

w

AC commutator motor: highest full-field speed;
b) armature voltage: that corresponding to the specified speed.

NoTE—Attentiom—shoutd—be—givenr—to—the—timits—of commutation—capabitity—Ftre—timits  of

commutation of a given DC machine are defined in IEC 60034-19.

9.4 Momentary excess torque for motors
9.4.1 Polyphase induction motors and DC motors

Motors, whatever their duty and construction, shall be capable of withstanding an excess torque
of at least 60 % of their rated torque for 15 s without either stalling or exhibiting an abrupt
change of speed (under gradual increase of torque). The voltage and frequency (for induction
motors) shall be maintained at their rated values.

Higher torques are required for some motors manufactured according to IEC 60034-12.

For DC motors, the excess torque shall be expressed in terms of overload current.
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Motors for duty type S9 shall be capable of withstanding momentarily an excess torque
determined according to the duty specified.

For an approximate determination of the change in temperature due to the current-related
losses, the thermal equivalent time constant determined according to 8.8 may be used.

Motors intended for specific applications that require a high torque (for example for hoisting)

shall

be the subject of agreement.

For cage- type mductlon motors speC|aIIy deS|gned to ensure a startmg current of Iess than

60 %%

In the

exani
conv

9.4.2

Unle
capa
sync

ment.

case of special types of induction motors with special inherent starting. propertie
ple motors intended for use at variable frequency or induction motors stpplied from
prters, the value of the excess torque shall be the subject of agreement,

Polyphase synchronous motors

5s otherwise agreed, a polyphase synchronous motor, irrespective of the duty, sha
ble of withstanding an excess torque as specified below’ for 15 s without falling 9
hronism, the excitation being maintained at the value eorresponding to rated load.

5, for
static

Il be
ut of
(Vhen

autornatic excitation is used, the limits of torque shall be the same values with the excitation

equif
- s
- s
- s

9.4.3

The

ment operating under normal conditions:

nchronous (wound rotor) induction motors: 35 % excess torque;
nchronous (cylindrical rotor) motors: 35 % excess torque;
nchronous (salient pole) motors: 50 % excess torque.

Other motors

momentary excess torque and‘'time for single-phase, commutator and other motors

be the subject of agreement.

9.5

Pull-up torque and-ocked-rotor torque for cage induction motors with direct
online starting

e of cage induction motors under full voltage shall be not less than 0,3 times the
e. The logked rotor torque shall also not be less than 0,3 times the rated torque.

Safe operating speed of cage induction motors

shall

5s otherwise specified (for example machines according to IEC 60034-12), the pull-up

rated

) 315

and for voltages up to and including 1 000 \% shall be capable of safe contlnuous operatlon at
speeds up to the appropriate speed given in Table 19 unless otherwise stated on the rating
plate.
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Table 19 — Maximum safe operating speed (min—1) of three-phase
single-speed cage induction motors for voltages up to and including 1 000 V
Frame number 2 pole 4 pole 6 pole
<100 5200 3600 2 400
112 5200 3600 2 400
132 4 500 2700 2 400
160 4 500 2700 2 400
180 4 500 2700 2 400
200 4 500 2300 1800
225 3 600 2300 1800
250 3 600 2300 1800
280 3 600 2300 1800
315 3600 2300 1 800
NOTE The above values may have to be reduced to meet the requirements of
IEC 60079.
When operating at speeds above rated speed, for example, when used with adjustable speed
controls, noise and vibration levels will increase. The user may require the manufacturer t¢ fine
balance the motor rotor for acceptable operation above rated speed. Bearing life mdgy be
ed. Attention should be paid to the re-greasing-intervals and the grease service life.
Overspeed
Machines shall be designed to withstand the'speeds specified in Table 20.
berspeed test is not normally considered necessary, but can be performed when this is
fied and has been agreed. (For turbine-type AC generators, see also IEC 60034-3]) An
overgpeed test shall be considered as satisfactory if no permanent abnormal deformatipn is
rent subsequently, and nofother weakness is detected which would prevent the maghine
operating normally, and provided the rotor windings after the test comply with the required
Ctric tests. The duration of any overspeed test shall be 2 min.
to settling of laminated rotor rims, laminated poles held by wedges or by bolts, efc., a
e permanentiinCrease in the diameter is natural, and not to be considered as an abngrmal
deformation indicating that the machine is not suitable for normal operation.
Durirlg commissioning of a hydraulic-turbine driven synchronous generator, the machine|shall
iven dat the speed it can reach with the overspeed protection operating, so as to ascertain

be d
that

e-balance is satisfactory up to that speed
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Table 20 — Overspeeds

Item Machine type

Overspeed

AC machines

All machines other than those
specified below:

1,2 times the maximum rated speed

1a) Water-turbine driven generators, and | Unless otherwise specified, the runaway speed of the set but
any auxiliary machines connected not less than 1,2 times the maximum rated speed
directly (electrically or mechanically)
to the main machine
1b) Machines which may under certain The specified runaway speed of the set but not less than
circumstances be driven by the load 1,2 times the maximum rated speed.
1c) Series and universal motors 1,1 times the no-load speed at rated voltage. For motors
integrally attached to loads that cannot become accidentall
disconnected, the words ‘no-load speed’ shall be'interpretefl to
mean the lightest load condition possible with-thedoad
1d) Three-phase single-speed cage 1,2 times the maximum safe operating speed
induction motors according to 9.6
2 DC machines
2a) Shunt and separately excited motor 1,2 times the highest rated speed.or 1,15 times the
corresponding no-load speeds whichever is greater
2b) Compound excited motors having 1,2 times the higher rated\speed or 1,15 times the
speed regulation of 35 % or less corresponding no-load¢speed, whichever is greater but not
exceeding 1,5 times the highest rated speed
2c) Compound excited motors having The manufacturershall assign a maximum safe operating speed
speed regulation greater than 35 % which shall be"marked on the rating plate. The overspeed for
and series motors these motors shall be 1,1 times the maximum safe operating
speed. The\safe operating speed marking is not required or
motors_that are capable of an overspeed of 1,1 times the ng-
load speed at rated voltage
2d) Permanent-magnet excited motors Querspeed as specified in item 2a) unless the motor has a
series winding and, in such a case, they shall withstand the]
overspeeds specified in items 2b) or 2¢) as appropriate
2e) Generators 1,2 times the rated speed
9.8 | Short-circuit current for synchronous machines
Unless otherwise spgcified, the peak value of the short-circuit current for synchrgnous

mach
circu
or 21

Verif
rated

ines, including. turbine-type machines not covered by IEC 60034-3, in the case of ghort
t on all phases‘during operation at rated voltage, shall not exceed 15 times the peak yalue

times theus=m.s. value of the rated current.

cationmay be carried out by calculation or by means of a test at a voltage of 0,5 timels the

Veltage or above.

9.9

Short-circuit withstand test for synchronous machines

The three-phase short-circuit test for synchronous machines shall be carried out only at the
request of the purchaser. In this case, the test shall be carried out on the machine running on
no-load with an excitation corresponding to the rated voltage unless otherwise agreed. The test
shall not be carried out with an excitation greater than that corresponding to 1,05 times the

rated

voltage at no load.

The excitation for the test, as determined, may be reduced by agreement, in order to take into
account the impedance of the transformer which may be placed between the machines and the
system. In this latter case, it may also be agreed that the test be made at the operating site
with the over-excitation device in operation. The short circuit shall be maintained for 3 s.
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The test is considered satisfactory if no harmful deformation occurs and if the requirements of
the applied voltage dielectric test (see Table 17) are met after the short-circuit test. For three-
phase turbine-type machines, see IEC 60034-3.

9.10 Commutation test for commutator machines

A DC or AC commutator machine shall be capable of operating from no-load to operation with
the excess current or excess torque, specified in 9.3 and 9.4 respectively, without permanent
damage to the surface of the commutator or brushes and without injurious sparking, the brushes
remaining in the same set position. If possible, the commutation test shall be performed in warm
conditions.

NOTE| Annex A of IEC 60276:2018 gives clarification on how to assess these criteria. Inp 83.2 of

IEC

considers reliable”.

9.11| Total harmonic distortion (THD) for synchronous machines

9.11.1 General

The

of 300 kW (or kVA) or more, intended for connection to power netwerks operating at no

freq

the

achines.

9.112 Limits

When tested on open-circuit and at rated speed and voltage, the total harmonic distortion (
of th¢ line-to-line terminal voltage, as measured according to the methods laid down in 9.
shall|not exceed 5 %.

NOTE|

above|requirements will operate satisfactory.

9.113 Tests

Type|tests shall be carried out.6m' AC machines to verify compliance with 9.11.2. The ran

frequencies measured shall cover all harmonics from rated frequency up to the 100" harmlonic.
Synchronous motors do pot.need to be measured.

Either the THD may be'measured directly by means of a meter and associated network spe

desid

meagured valugs_the THD shall be computed using the following formula:

60034-19:2014, it is further specified that “Commutation is assessed by any means that theMmawnufdcturer

equirements of this subclause apply only to synchronous machines having rated ougputs

minal

encies of 16 2/3 Hz to 100 Hz inclusive, with a view to minimizing interference causg¢d by

THD)
11.3,

Limiting values of individual harmonics are.not specified as it is considered that machines which mqget the

ge of

cially

ned for thetpurpose, or each individual harmonic shall be measured and from the

k
THD = > u’
Vn:2
where
u, is the ratio of the line-to-line terminal voltage U, of the harmonic n of the machine t

n

k=

line-to-line terminal fundamental voltage U, of the machine;

is the order of harmonic;
100.

9.12 Protective earth test

o the

In a type test of a machine with rated voltage not exceeding AC 1 000 V or DC 1 500 V,
respectively, a protective earth test shall be performed in addition.
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Machines with rated voltage not exceeding AC 1 000 V or DC 1 500 V, respectively, and with
an earthing terminal require a protective earth type test to ensure sufficiently small internal
resistances. If not defined by a different product standard, the type test can be done by
determining the possible voltage drop between any point of the machine, which has the risk of
coming into contact with live parts, and the earthing terminal. The test is considered successful,
when the measured value of the resistance Rpg \y between these two points does not exceed:

Rpg 0,830 V/ (K- Iy) for AC circuits,

o) <ng. i i
PENM g

wher|

0,8

a)
-

is the rated current of the machine,

is a safety factor, and
is a factor as shown in Figure 13.

The factor K is derived from the typical fuse size assigned to mo%@ for direct online starting
with @ ratio of starting current to rated current of 10, multiplied . This approach is valld for
genefators as well. For power ratings above 1 000 kW, K = 3\ plies.

S

12

Factor K

100

1000
Output power

IEC

Figuret3=Factor K fordetermiming RpEM
The current used to determine the resistance Rpg \ shall be at least 3 A.

NOTE The method is based on the protective equipotential bonding impedance type test described in IEC 62477-1.
9.13 Measurement of insulation resistance and polarization index of winding insulation

For measurement of insulation resistance and polarization index of a winding insulation,
see |[EC 60034-27-4.
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9.14 Shaft-voltage test

A shaft-voltage test shall not be made in case of insulated bearings (1 MQ or higher for
sinusoidal or DC power supply) or in case safety aspects are concerned. The shaft voltage of
(mainly) supply frequency (not to be mixed-up with a HF shaft voltage, see 3.37) shall be
measured directly between the two shaft ends of an electrical machine being operated at rated
voltage and rated frequency at no load and preferably uncoupled. It is not permitted to
determine the shaft voltage by measuring the shaft-to-ground voltages across the two bearings
and subtracting the values, as this may lead to false results. The shaft voltage has to be
evaluated as RMS value. As long as no other limitation is agreed on between manufacturer and

customer, the RMS value of the shaft voltage in case of non-insulated ball or roller bearings (or
3imi|qr) should not exceed 350 m\/

10 Ipformation requirements

10.1| General

Each| electrical machine shall be delivered with appropriate documentation comprising the
minimally required information (see 10.4) and a rating plate or rating plates (see 10.3).

10.2| Product documentation

The product documentation shall be delivered by the manufacturer including the data sheets
and/¢r operating manual. This documentation can be supplied with the motor physically of in a
digitgl form. For series production of standardized m@athines, this information can aldo be
direcfly accessible in the manufacturer’s websitewhich should be easily available.| The
minium content of the product document is givem\in®10.4.

10.3 | Rating plate
Every-electrical-machine-shal-be-providegdiwith-a—+rating-plate{s)- The plates shall be mafe of

durable material and be securely mounted. The writing has to be made with durable marking
(e.g.|print, engraving).

The fating plate(s) shall preferably be mounted on the frame of the machine and be locat¢d so
as to|be easily legible in the position of use determined by the type of construction and moulnting
arrarjgement of the machine. If the electrical machine is so enclosed or incorporated in the
equipment that its rating-plate is not easily legible, the manufacturer shall, on request, stipply
a segond plate to be-mounted on the equipment.

Rating plate(s)ahall be durably marked with the items in 10.4, as far as they apply. The ltems
need|not all Be)on the same plate. Letter symbols for units and quantities shall be in accordance
with [EC 66027-1 and IEC 60027-4.

As am-optic =Tdlla?- 2 me = : > mac 2's terminal
box) may carry an electronic identification symbol, e.g. a QR code, including a direct link to the
product documentation at the manufacturer’s website.

NOTE QR code according to ISO/IEC 18004:2015.

Except for normal maintenance (lubrification, cleaning, bearing replacement), when a machine
is repaired or refurbished, an additional plate shall be provided to indicate the name of the
company undertaking the work, the year of repair. In case of modification, the changes affecting
the original rating plate data shall be displayed on this additional plate, as well. Additional
information on the modifications and its influence to technical data not being displayed on the
rating plate can be received from the company undertaking the work.
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10.4.

1 g/ﬁééne ral

The i
well

ems In 10.4.Z 1o 10.4.5 shall be given, when applicable, In the product documentation as
as on the rating plate(s). If the manufacturer gives more information in the product

documentation, this need not necessarily be marked on the rating plate(s). The items in 10.4.6
are optional, but recommended at least for machines over 5 kW (or 5 kVA) rated output.

The items are numbered a) to jj) for convenient reference, but the order in which they appear
in the product documentation and on the rating plate(s) is not standardized. Items may be
suitably combined.

10.4.
The

2 Minimum information requirements

minimum information requirements for machines with all rated output sizes, including

special-purpose and built-in machines, are:

a) The manufacturer's name or mark.
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b)

The manufacturer's serial number or identification mark.

NOTE 1 A single identification mark may be used to identify each member of a group of machines which are made
to the same electrical and mechanical design and are produced in one batch using the same technology.

c)
d)
e)

The manufacturer's machine code.
Information to identify the year of manufacture.

The rated voltage(s) or range of rated voltage;
two different rated values shall be indicated by “/” (e.g. 400V/230 V) while a range of rated
values shall be indicated by “-“ (e.g. 380V-440 V).

NOTE 2 In all these cases, voltage (and frequency) variations according to 7.4 are valid and will not be indicated

separfiely. A

f)
g)

h)

0)

p)

10.4. \(</gﬂ AC machines

'he rated current(s) or range of rated current.

Y
The connecting instructions in accordance with IEC 60034-8 by means of avd?;grann (or
fext located near the terminals). (],

Q
The rated output(s) or range of rated output power and the class( s()],of rating of the
machine if designed for other than rating for continuous running dut)&&, see 5.2.

The rated speed(s) or range of rated speed and the permissibl (&yerspeed if other[than

g¢pecified in 9.7 or the maximum safe operating speed if Iessg) in 9.6 or in casg of a
onverter duty machine, given in the unit min-! or 1/min case of a converter|duty
machine, the range of speed can also be given in per uni ercent of the rated spegd.

fFor motors within the scope of IEC 60034-30-1 and I5Q\60034-30-2, the efficiency plass
IE code) and for motors within the scope of IEC 6(((%3 30-1 also the rated efficiency].

Vhen specified, the approximate total mass of @wachine, if exceeding 30 kg.

The degree of protection provided by the inte design of the rotating electrical maghine
IP code) in accordance with IEC 60034-5.

The thermal class and the limit of temp@re or of temperature rise (when lower than that
f the thermal class) in accordance with IEC 60085 and, if necessary, the meth¢d of
easurement, followed in the case machine with a water-cooled heat exchanger by 'P'
r 'S', depending on whether th&“temperature rise is measured above the primafy or
econdary coolant respectiveﬂgsee 8.2). This information shall be given for both gtator
nd rotor (separated by as when their thermal class differ.

or motors within the s of IEC 60034-12, the design letter(s) as specified in Clajise 5
f IEC 60034-12: 2016 indicating the starting requirements in case it is not design N.

or machines sui e for operation in only one direction of rotation, the directipn of
otation, indica ither by indicating cw (clockwise) or ccw (counter clockwise) op the
ating plate @p an arrow. This arrow need not be on the rating plate, but it shall be gasily
isible.

he a@e for which the machine is designed if exceeding 1 000 m above sea level

10.4.3.1

q)
r)

For AC machines, the number of phases.

For AC machines the rated frequency and in case of converter duty machines the term
‘converter duty’.

For universal motors, the rated frequency shall be followed by the appropriate symbol, for
example, ~ 50 Hz/ === (IEC 60417-5031) or AC 50 Hz / DC.

10.4.3.2 All synchronous machines

s)
t)
u)

In case of machines excited by permanent magnets, the open circuit voltage at rated speed.
In case of electrical excitation, the rated field voltage and the rated field current.
In case of electrical excitation, the rated power factor.
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10.4.3.3 All wound-rotor induction machines

v) The rated open-circuit voltage between slip-rings and the rated slip-ring current.

10.4.4 All DC machines

w) For machines with separate excitation or with shunt excitation, the rated field voltage and
the rated field current.

x) The rated form factor and the rated alternating voltage at the input terminals of the static
power converter, when this exceeds the rated direct voltage of the motor armature circuit.

10.4.5 Machines over 5 kW (or 5 kVA) rated output

y) he number(s) of the rating and performance standard(s) which are applicable (IEC 6(0034-
and/or equivalent national standard(s)). If IEC 60034 is marked, this implies campliance
ith all the other relevant standards of the IEC 60034 series. If IEC 60034-1<is~marked,

his implies compliance with the standard itself, not with the references.

z) he maximum ambient air temperature if other than 40 °C.

aa) The minimum ambient air temperature if other than specified in 6.4.
bb) The maximum water coolant temperature if other than 25 °C.

cc) kor hydrogen-cooled machines, the hydrogen pressure at rated\output.

10.4. Optional information
dd) The method of cooling (IC code) in accordance with IEG 60034-6 in case it is not IC4{11.
ee) ffor AC machines, the rated power factor(s).

ff) or induction machines, the locked rotor apparentpower.

gg) The types of the bearings, the type of grease,or oil and the lubrication interval in case of
oller or ball bearings.

hh) fFor motors with duty type S9, the momentary excess torque capability at rated spegd in
ercent of the rated torque, in case the value exceeds 160 %.

i) For machines with an IVIC assigned, the IVIC level in accordance with IEC 60034-18-41 or
[EC 60034-18-42, respectively.

jj) For converter capable machifies (see 3.35), the term ‘converter capable’.
11 Miscellaneous requirements

11.1| Protective earthing of machines

Machines shall’beprovided with an earthing terminal or another device to permit the conngction
of a protective'conductor or an earthing conductor.

The gymbol @ (IEC 60417-5019) or legend shall identify this device. However, machines
shall nerfther be earthed nor be provided with an earthing terminal when:

a) they are fitted with supplementary insulation, or;
b) they are intended for assembly in apparatus having supplementary insulation, or;

c) they have rated voltages up to AC 50V or DC 120 V and are intended for use on SELV
circuits.

NOTE 1 The term SELV is defined in IEC 60884-2-4.

In the case of machines having rated voltages greater than AC 50V or DC 120V, but not
exceeding AC 1 000 V or DC 1 500 V, the terminal for the earthing conductor shall be situated
in the vicinity of the terminals for the line conductors, being placed in the terminal box, if one is
provided. Machines having rated outputs in excess of 100 kW (or kVA) shall have in addition
an earthing terminal fitted on the frame.
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Machines for rated voltages greater than AC 1 000 V or DC 1 500 V shall have an earthing
terminal on the frame, for example an iron strap, and in addition, a means inside the terminal

box f

or connecting a conducting cable sheath, if any.

The earthing terminal shall be designed to ensure a good connection with the earthing
conductor without any damage to the conductor or terminal. Accessible conducting parts which
are not part of the operating circuit shall have good electrical contact with each other and with
the earthing terminal if there is a risk that they will come into contact with live parts. When all
bearings and the rotor winding of a machine are insulated, the shaft shall be electrically
connected to the earthing terminal, unless the manufacturer and the purchaser agree to
alternative means of protection.

WhelL an earthing terminal is provided in the terminal box, it shall be assumed that the _ear
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In the documentation—of each machine with rated voltage not exceeding AC 1 000
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IEC ¢
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Lictor is made of the same metal as the lead conductors.

de of another metal (for example, steel). In this case, in designing the'terminal, p
deration shall be given to the conductivity of the conductor.

parthing terminal shall be designed to accommodate an earthing conductor of ¢

bnal area in accordance with Table 21. If an earthing conductor larger than the size

ble 21 is used, it is recommended that it should correspond“as nearly as possible tq
other sizes listed.

ther cross-sectional areas of phase conductors, the‘earthing or protective conductor
a cross-sectional area at least equivalent to:

at of the phase conductor for cross-sectionalareas less than 25 mm?;
5 mm?2 for cross-sectional areas betweéh*25 mm?2 and 50 mm?;

D % of that of the phase conductor for cross-sectional areas exceeding 50 mm2.

enerators = 20 MVA the earthing conductor cross-sectional area outside the ma
d be calculated by the system integrator and the neutral point bus-bar cross-sectional
e manufacturer to safely meet the short circuit current at double earth fault during the
d until the machine has)ybeen disconnected by the protective system and is deex
arthing terminal shall'be identified in accordance with IEC 60445.

500V, respectively, it shall be clearly stated that a protective earth test as requirg
0364, if applicable, or as stated by specific customer requirements shall be made
stallatign\of the machine. The responsibility for conducting this test is not with the ma
factured, but with the end-user or the system integrator.

thing

an earthing terminal is provided on the frame, the earthing conductor may, )by agreement,

roper

ross-
given
one

shall

Chine
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time
cited.

\V or
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NOTE|

2\.For small machines with frame sizes below 63 mm, proper earthing may be provided by the flange 4

lone.
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Table 21 — Cross-sectional areas of earthing conductors

11.2

When a machine shaft end is provided with;ene or more keyways, each shall be provided

a full

12 Tolerances

12.1

Tole
and ;I
test ¢
devid
of a
of th

NOTE
in raw

ance is the maximum, allowed deviation between the test result of a quantity from Tab)
he declared value on the rating plate or in the catalogue. As long as test procedureg

Cross-sectional area Cross-sectional area of the earthing
of the phase conductor or protective conductor
mm? mm?
4 4
6 6
10 10
16 16
25 25
35 25
50 25
70 35
95 50
120 70
150 70
185 95
240 120
300 150
400 185

Shaft-end key(s)

key of normal shape and length.

General

with

le 22
5 and

quipment accarding to IEC standards are used, the test result shall not exceed the allpwed

tion independent of test laboratory or equipment. Tolerance does not cover the uncert
st procedure, i.e. the deviation between the test result and the true value. The tolerg
test equipment itself are included in the tolerances specified in Table 22.

1<{JInTase of a series production the tolerance applies to any selected sample, i.e. tolerance covers vari
material properties and manufacturing procedures.

ainty
nces

lations

NOTE 2 Detailed information on the influence of measurement uncertainty can be found in IEC Guide 115:2021.

12.2

Tolerances on values of quantities

Unless stated otherwise, tolerances on declared values shall be as specified in Table 22.
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Table 22 — Schedule of tolerances on values of quantities

Item Quantity Tolerance
1 Efficiency n ¢ —-15 % of (1 = 1)
e e e e e L T L —40-%of (+—#)
2 Rated field current of synchronous machines +15 % of the value
3 Power-factor, cos ¢, for induction machines and |-1/6 (1 — cos ¢)
ermanent magnet synchronous machines
gnpmﬁm din:mgt nn_“):,p Minimum absolute value 0,02
Maximum absolute value 0,07
4 Speed of DC motors (at full load and at working
temperature) @
4a) Shunt and separately excited motors 1000 P\/ny < 0,67 + 15\%
0,67 < 1000 Py/ny <2,5 +10 %
2,5 = 1000 Py/ny <10 +75%
10 < 1000 Py/ny + 5%
4b)| | Series motors 1000 Pyiny < 0,67 +20%
0,67 < 1000 P/n <25 +15%
2,5 =84 000 Py/ny <10 +10 %
19" = 1000 Py/ny +75%
4c) Compound excited motors Tolerances as for item 4b) unless otherwise agrg¢ed
5 Variation of speed of DC shunt and compoungd +20 % of the variation with a minimum of 2 % of the
excited motors (from no-load to full load) rated speed
6 Inherent voltage regulation of DC generators, +20 % of the regulation at that point
shunt or separately excited at any point on the
characteristic
7 Inherent voltage regulation of\compound excited |+20 % of the regulation, with a minimum of 3 %| of
generators (at the rated poweérsfactor in the case |the rated voltage. (This tolerance applies to the
of alternating current) maximum deviation at any load between the
observed voltage at that load and a straight line
drawn between the points of no-load and full-loafd
voltage.)
8 a Slip of induction machines (at full load and at
working temperature)
Oy <1 kW +30 % of the slip
Pyz1kW +20 % of the slip
8b Speed of AC (commutator) motors with shunt — on the highest speed:
characteristics (nf full load and at \Alnrl(ing
temperature) -3 % of the synchronous speed
— on the lowest speed:
+3 % of the synchronous speed
9 Locked rotor current of cage induction motors +20 % of the current; for motors within the scope of
with any specified starting apparatus IEC 60034-12, the limit specified in IEC 60034-12 for
the locked rotor apparent power shall not be
exceeded.
10 Locked rotor torque of cage induction motors +25
_15 % of the torque.
(+25 % may be exceeded by agreement)
11 Pull-up torque of cage induction motors -15 % of the value
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Item Quantity Tolerance

12 Breakdown torque of induction motors —-10 % of the torque except that after allowing for this
tolerance the torque shall be not less than 1,6 or 1,5
times the rated torque, see 9.4.1

13 Locked rotor current of synchronous motors + 20 % of the value

14 Locked rotor torque of synchronous motors +25
_15 % of the value

(+25 % may be exceeded by agreement)

15 Pull-out torque of synchronous motors —10 % of the value except that after allowing for this
tolerance, the torque shall be not less than 1,35 or
I~ o tacl it . 4.9
=o-tHmes-theratedtorate—see—94-2

16 Peak value of short-circuit current of an AC +30 % of the value®

generator under specified conditions

17 Steady short-circuit current of an AC generator at | +15 % of the value
specified excitation

18 Moment of inertia +10 % of the value
19 Average A-weighted sound pressure level or + 3 dB(A)

sound power level at no-load and sinusoidal

supply

NOTE When a tolerance is stated in only one direction, the value is not limited in the other direction.

plerances in item 4 depend on the ratio of rated output P in kW, tq rated speed in min~".

[
—

br some simulations, tolerances in item 16 are too wide. Manufactufer and customer may agree on
gher accuracy.

o
- T

o
—

he tolerance on efficiency implies a tolerance on the total ¥¢sses of +15 % of the total losses.

13 Electromagnetic compatibility (EMC)

13.1| General

The EMC requirements specified!lin this clause apply to rotating electrical machines with rated
voltapes not exceeding AC 1000’V or DC 1 500 V intended for operation and use in residential,
commercial or industrial envicenments.

Electronic components mounted inside a rotating electrical machine and which are essentigl for
its ogeration (for example rotating excitation devices) are part of the machine.

Reqgyirements-which apply to the final drive system and its components, for example powef and
control electrohic equipment, coupled machines, monitoring devices, etc., whether mounted
inside or(outside the machine, are outside the scope of this document.

The requirements of this clause apply to machines that are supplied directly to the end-user.

NOTE 1 The purpose of this clause is to give advice for contractual agreements between supplier and end-user.

NOTE 2 Machines that are intended for incorporation as components in an apparatus, where the enclosure and
assembly will affect the EMC emissions, are covered by the EMC standard that relates to the final product.

In synchronous machines, electronic power supplies of the exciter machine’s stator being part
of the synchronous machine shall comply with the EMC requirements of this document.

NOTE 3 As the generator in a power plant is often a very large machine having some higher magnetic fields outside
the housing, it is possible to define boundaries around the generator in the machine hall, inside of which fields may
be higher than according to CISPR requirements and access is forbidden for electronic devices and restricted to
allowed staff only.

Transients (such as starting) are not covered by this clause.
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13.2 Immunity
13.2.1 Machines not incorporating electronic circuits

Machines without electronic circuits are not sensitive to electromagnetic emissions under
normal service conditions and, therefore, no immunity tests are required.

13.2.2 Machines incorporating electronic circuits

As electronic circuits which are incorporated in machines generally utilize components that are
passive (for example diodes, resistors, varistors, capacitors, surge suppressors, inductors),

. . rad
imm nlf\]l tests are not reguire

13.3| Emission

For machines intended for use in residential environments, radiated and conducted emisgions
shall[comply with the requirements of CISPR 11 for class B group 1 equipment;-see Tablg B.1,
in Annex B.

For machines intended for use in industrial environments, radiated_and conducted emisgions
shall[comply with the requirements of CISPR 11 for class A group;1 equipment with a rated
input| power of < 20 kVA , independently from their actual rated-input power. These limits are
also found in Table B.2.

13.4| Immunity tests

Immuynity tests are not required.

13.5| Emission measurements

For deneral purpose rotating electrical machines, type tests shall be carried out in accordance
with CISPR 11 and the respective partscof the CISPR 16 standards series as applicable. [Type
tests|on rotating electrical machines intended for assembly into final products in the scope of
CISHR 14 shall be carried out also.6bserving the advice found in CISPR 14.

For the measurements, the requirements specified in 13.3 apply.
Machines without brushes'shall comply with the emission limits of 13.3 with any load cond|ition.

Maclhines with brushes shall at least comply with the emission limits of CISPR 11 for clgss A
group 1 equipment with a rated input power of < 20 kVA , independently from their actual fated
input| power,(when tested without a load. Such machines need to be denoted as class A
comgonents-

Cagd_ induction machines do not need to be measured.

Emissions at terminals intended for earthing or grounding do not need to be measured.

14 Safety Application requirements

Rotating machines in accordance with this document shall comply with the requirements of
IEC 60204-1 or IEC 60204-11 or, in the case of rotating machines incorporated in household
and similar electrical appliances, IEC 60335-1, as appropriate unless otherwise specified in this
document, and be designed and constructed as far as possible in accordance with
internationally accepted best design practice, appropriate to the application.

NOTE It is the responsibility of the manufacturer or assembler of equipment incorporating electrical machines as
components to ensure that the overall equipment is safe.
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This may involve consideration of relevant product standards such as:
IEC 60079 (all parts),and other parts of IEC 60034 including:

IEC 60034-5, |EC 60034-6, IEC 60034-7, IEC 60034-8, I|EC 60034-9, IEC 60034-11, I|EC 60034-12 and
IEC 60034-14.

In addition, it may be necessary to consider limitation of the surface temperature and similar
characteristics; see for example IEC 60335-1:20402020, Clause 11: Heating.
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A.1

Annex A
(informative)

Guidance for the application of duty type S10 and
for establishing the value of relative thermal life expectancy 7L

The load of the machine at any moment is equivalent to duty type S1 corresponding
to 4.2.1. However, the load cycle may comprise loads other than the rated load based on duty
type S1. A load cycle comprising four discrete constant load/speed combinations is shown in
Figure 10.

A.2
life e
calc(

wher
TL

A®

At

n

A.3

A.4
conc
This
temp

A.5

appr
to du
varyi

Depending on the value and duration of the different loads within one cycle, the re

lated by the following formula:

n AQ;
! tix2 k
—= At; X

D

is the relative thermal life expectancy related to the .thefmal life expectancy in ca
duty type S1 with rated output;

is the difference between the temperature rise af'the winding at each of the various
within one cycle and the temperature rise based upon duty type S1 with reference

is the p.u. time of a constant load within @Joad cycle;

expectancy of the insulation systemiby 50 %;
is the number of discrete values of load.

erature range within which the load cycle takes place according to Figure 10.

TL can be-stated sensibly as a relative value only. This value can be use

ng/loads existing within a cycle the remaining influences over the lifetime of the ma

(e.g.

dielectric stress, environmental influences) are approximately the same as in the ca

ative

xpectancy of the machine based on the thermal ageing of the insulation systém cgn be

ke of

oads
load;

is the increase in temperature rise in(k, which leads to a shortening of the thermal life

The quantity 7L is an integral‘part of the unambiguous identification of the class of rating.

The value of the quantity 7L can be determined only when, in addition to informfation
prning the load cycle.according to Figure 10, the value & for the insulation system is krnjown.
Value £ has to be determined by experiments in conformity with IEC 60034-18 for the whole

d by

pximation 10 assess the real change in the machine thermal life expectancy as compared
ty typeS1 with rated output, because it may be assumed that in consideration gf the

chine
se of

duty type S1 with rated output.

A.6 The manufacturer of the machine is responsible for the correct compilation of the various
parameters for determining the value of TL.
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Electromagnetic compatibility (EMC) limits

Table B.1 — Electromagnetic emission limits per CISPR 11 Class B Group 1

Frequency range

Limits

Radiated emission

30 MHz to 230 MHz

30 dB(pV/m) quasi peak, measured at
10 m distance (Note)

230 MHz to 1 000 MHz

37 dB(pV/m) quasi peak, measured at
10 m distance (Note)

q

Conducted emission
n AC or DC power supply
terminals

0,15 MHz to 0,50 MHz
Limits decrease linearly with
logarithm frequency

66 dB(pV) to 56 dB(pV).quasi pedk
56 dB(pV) to 46 dB(pV).average

0,50 MHz to 5 MHz

56 dB(p\V) quasi peak
46 dB(uV) average

5 MHz to 30 MHz

60-dB(pV) quasi peak
50-dB(uV) average

NOTE

May be measured at 3 m distance using the limits increased by 10 dB"

Table B.2 — Electromagnetic emission limits per CISPR 11 Class A Group 1

Frequency range

Limits

Radiated emission

30 MHz to 230<MHz

30 dB(pV/m) quasi peak,
measured at 30 m distance (Note]

230 MHz tot 000 MHz

37 dB(uV/m) quasi peak,
measured at 30 m distance (Note]

q

Conducted emission
n AC or DC power supply
terminals

0,15\MHz to 0,50 MHz

79 dB(pV) quasi peak
66 dB(uV) average

0,50 MHz to 30 MHz

73 dB(uV) quasi peak
60 dB(uV) average

NOT
the li

F May be measured at 10.m distance using the limits increased by 10 dB or measured at 3 m distance psing

mits increased by 20 dB.
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1)

2)

3)

4)

5)

6)

7)

8)

9)

IEC 60034-1/has been prepared by IEC technical committee 2: Rotating machinery. It
InterpationahStandard.

This [fourteenth edition cancels and replaces the thirteenth edition published in 2017.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -
Part 1: Rating and performance

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern
coloperation on all questions concerning standardization in the electrical and electronic fields. Ao this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Techhical R4
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
préparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr.
interested IEC National Committees.

IEC Publications have the form of recommendations for international\use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content

Publications is accurate, IEC cannot be held responsible forsthe“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Publid
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anly IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
Pyblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.
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This edition includes the following significant technical changes with respect to the previous

edition:
cubciause Ghange
1 Clarification of the scope
2 General use of dated references
3.29 Clarification on identification of maximum and minimum current
3.34 Definition of main insulation
3.35 Definition of converter capable machine
3.36 Definition of converter duty machine
3.37 Definition of shaft voltage
4.2 Explanation for using duty types S9 and S10 for converter duty machines
5.6.3 New subclause for clarification of the terms range of rated voltages and voltage variations
6.2 Requirement to consider reduced arcing distance in machine design for altitudes >1 000 m
71 Clarification on bus transfer or fast reclosing
Clarification on the capability to withstand impulse voltages
7.3 New subclause on voltage deviation during starting
7.4 Extended variation of supply frequency
Note added on design for operation with extended,voltage and frequency
Recommended derating added for high variations\of voltage and frequency
7.6 Clarification that enamelled wires are no bare‘living material
8.3.1 Clarification on electrical supply during thermal tests added
9.1 Changes in Table 16, especially inclusion of PM and reluctance synchronous machines
9.2 Requirement on test equipment for withstand voltage test added
Test voltage for variable speed”AC machines added
Clarification to withstand(voltage test for machines after stock holding
9.5 Extended to requirements on minimum locked rotor torque
9.10 Note added on criteria for commutation test
9.11J3 Clarificationyadded that synchronous motors do not need a THD test
9.12 New subclause on protective earth test
9.13 New subclause on measurement of insulation resistance and polarization index
9.14 New subclause on shaft-voltage measurement
10. Clause has been rearranged completely
Clarification on unit symbol for speed added
1.1 Clarification on protective earth test after installation added
12.1 Clarification on the tolerances due to the accuracy of the test equipment
Note on measurement uncertainty added
12.2 Change in the tolerance on efficiency
Clarification on the tolerance on locked-rotor current
New tolerance on sound pressure level
14 Improved title of clause
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The text of this International Standard is based on the following documents:

Draft Report on voting

2/2084/FDIS 2/2090/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

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

This
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at w
desc

A list of all parts of the IEC 60034 series, published under the general title“Rotating elec
machines, can be found on the IEC website.

The
stabi
spec

—

e withdrawn,

-
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g¢confirmed,

¢placed by a revised edition, or

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

vw.iec.ch/members_experts/refdocs. The main document types developed)by IEC
ibed in greater detail at www.iec.ch/standardsdev/publications.

ity date indicated on the IEC website under webstore.ig€.ch in the data related t
fic document. At this date, the document will be

mended.

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement).available
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ommittee has decided that the contents of this document wilkremain unchanged untjil the

b the

IMP
con
con

ORTANT — The "colour inside(logo on the cover page of this document indicates th
tains colours which are considered to be useful for the correct understanding o
ents. Users should therefore print this document using a colour printer.
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ROTATING ELECTRICAL MACHINES -

Part 1: Rating and performance

1 Scope

This part of IEC 60034 is applicable to all rotating electrical machines, except rotating electrical
machlines for rail and road vehicles, which are covered by the IEC 60349 series of standalrds.

Maclhines within the scope of this document may also be subject to superseding,-modifyihg or
additjonal requirements in other standards, for example, IEC 60079 and IEC 60092.

NOTE| If particular clauses of this document are modified to meet special applications, for example machines sjubject
to radfoactivity or machines for aerospace, all other clauses apply insofar as they are compatible.

2 Normative references

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

IEC ¢0027-1:1992/AMD1:1997

IEC §0027-1 11992, Letters symbols to be used in_electrical technology — Part 1: General
IEC ¢0027-1:1992/AMD2:2005

IEC 60027-4:2006, Letter symbols to be'Used in electrical technology — Part 4: Rotating elgctric
machines

g

IEC 60034-2 (all parts), Rotating electrical machines — Part 2: Standard method$ for
detefimining losses and efficiency from tests (excluding machines for traction vehicles)

IEC §0034-3:2020, Reotating electrical machines — Part 3: Specific requirementg for
syncpronous generators driven by steam turbines or combustion gas turbines and for
synchronous compensators

IEC §0034-5:2020, Rotating electrical machines — Part 5: Degrees of protection provided By the
integfral design of rotating electrical machines (IP code) — Classification

H / I 2P I»]
T

IEC ann24. . :-1004 Raoftat fief 9. o)
VU V. TIJIT, ’\Ulal’l’y CIrovuriodar riravriinmico U

v/

ot - Aot ool £ IH VdVlal
U viCltrniovouo Uil UUUlllIy (IU

ar \a vy

IEC 60034-8:2007, Rotating electrical machines — Part 8: Terminal markings and direction of
rotation
IEC 60034-8:2007/AMD1:2014

IEC 60034-12:2016, Rotating electrical machines — Part 12: Starting performance of single-
speed three-phase cage induction motors

IEC 60034-15:2009, Rotating electrical machines — Part 15: Impulse voltage withstand levels
of form-wound stator coils for rotating a.c. machines

IEC 60034-18 (all parts), Rotating electrical machines — Part 18: Functional evaluation of
insulation systems
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IEC 60034-18-41:2014, Rotating electrical machines — Part 18-41: Partial discharge free
electrical insulation systems (Type 1) used in rotating electrical machines fed from voltage
converters — Qualification and quality control tests

IEC 60034-18-41:2014/AMD1:2019

IEC 60034-18-42:2017, Rotating electrical machines — Part 18-42: Partial discharge resistant
electrical insulation systems (Type Il) used in rotating electrical machines fed from voltage

converters — Qualification tests
IEC 60034-18-42:2017/AMD1:2020

IEC 60034-19:2014, Rotating electrical machines — Part 19: Specific test methods for d.c.
machines on conventional and rectifier-fed supplies

IEC TS 60034-25:2014, Rotating electrical machines — Part 25: AC electrical machinies used in
powdr drive systems — Application guide

IEC 60034-27-4, Rotating electrical machines — Part 27-4: Measurement of insulation
resisfance and polarization index of winding insulation of rotating electrical machines

IEC 60034-29:2008, Rotating electrical machines — Part 29--Equivalent loading| and
superposition techniques — Indirect testing to determine temperature rise

IEC 60034-30-1:2014, Rotating electrical machines — Patt 30-1: Efficiency classes of line
operated AC motors (IE-code)

IEC TS 60034-30-2, Rotating electrical machines:—"Part 30-2: Efficiency classes of vatjable
speefd AC motors (IE-code)

IEC 60034-33: Rotating electrical machines~Part 33: Specific technical requirements for hydro
genefators

IEC 60050-411:1996, International(Electrotechnical Vocabulary (IEV) — Part 411: Rofating
machinery

IEC 60050-411:1996/AMD1:2007
IEC 60050-411:1996/AMD2:2021

IEC 60060-1:2010, High-voltage test techniques — Part 1: General definitions and| test
requifements

IEC 60085:2007, Electrical insulation — Thermal evaluation and designation

IEC 6020421:2016, Safety of machinery — Electrical equipment of machines — Part 1: Geheral
requifements

IEC 60204-11:2018, Safety of machinery — Electrical equipment of machines — Part 11:
Requirements for equipment for voltages above 1 000 V AC or 1 500 V DC and not exceeding
36 kV

IEC 60335-1:2020, Household and similar electrical appliances — Safety — Part 1. General
requirements

IEC 60364 (all parts), Low-voltage electrical installations

IEC 60417, Graphical symbols for use on equipment — 12-month subscription to regularly
updated online database comprising all graphical symbols published in IEC 60417
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IEC 60445:2017, Basic and safety principles for man-machine interface, marking

2022

and

identification — Identification of equipment terminals, conductor terminations and conductors

IEC 60664-1:2020, Insulation coordination for equipment within low-voltage systems — Part 1:

Principles, requirements and tests

IEC 61148:2011, Terminal markings for valve device stacks and assemblies and for p
conversion equipment

ower

IEC TS 61800-8, Adjustable speed electrical power drive systems — Part 8: Specification of

voltage—on-the power interface

CISHR 11:2015, Industrial, scientific and medical equipment — Radio-frequency disturb
characteristics — Limits and methods of measurement

CISPR 11:2015/AMD1:2016

CISPR 11:2015/AMD2:2019

CISHR 14 (all parts), Electromagnetic compatibility — Requirements forhousehold applia
electlic tools and similar apparatus

CISHR 16 (all parts), Specification for radio disturbance and. immunity measuring appa
and methods

3 erms and definitions

For {he purposes of this document, the terms.'and definitions in IEC 60050-411, ang
following apply.
NOTE|1 For definitions concerning cooling and coolants, other than those in 3.17 to 3.22, see IEC 60034-6.

NOTE|2 For the purposes of this document, the term ‘agreement’ means ‘agreement between the manufactur
purchaser’.

ISO And IEC maintain terminological databases for use in standardization at the follg
addresses:

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

e |30 Online browsing platform: available at http://www.iso.org/obp

3.1
rated value
quantity value assigned, generally by a manufacturer, for a specified operating condition
maclhjine

ance

hces,

ratus

| the

er and

wing

of a

Note 1 to entry: The rated voltage or voltage range is the rated voltage or voltage range between lines
terminals.

[SOURCE: IEC 60050-411:1996, 411-51-23]

3.2
rating
set of rated values and operating conditions

[SOURCE: IEC 60050-411:1996, 411-51-24]

3.3
rated output
value of the output included in the rating

at the
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3.4
load

all the values of the, in case of a generator, electrical and, in case of a motor, mechanical
quantities that signify the demand made on a rotating machine by an electrical circuit or a
mechanism at a given instant

[SOURCE: IEC 60050-411:1996, 411-51-01, modified:modification indicated in italics.]

3.5

no-load (operation)
state_of a machine rotating with zero output power (but under otherwise normal operating

cond|
[SOU

3.6
full |
load

tions)

bad
which causes a machine to operate at its rating

[SOURCE: IEC 60050-411:1996, 411-51-10]

3.7
full |

bad value

quantity value for a machine operating at full load

Note 1 to entry: This concept applies to power, torque, current, 'speed, etc.

[SOYRCE: IEC 60050-411:1996, 411-51-11]

3.8

rest pnd de-energized
complete absence of all movement and of all electrical supply or mechanical drive

[SOURCE: IEC 60050-411:1996,,411-51-03]

3.9

duty
state
elect
sequ

ence in tine

[SOYRCE:IEC 60050-411:1996, 411-51-06]

3.10
duty

RCE: IEC 60050-411:1996, 411-51-02, modified: modification indicated in italics.]

ment of the load(s) to which the machine is subjected, including, if applicable, sta
ric braking, ne-load and rest and de-energized periods, and including their durations

rting,
and

type

continuous, short-time or periodic duty, comprising one or more loads remaining constant for
the duration specified, or a non-periodic duty in which generally load and speed vary within the

perm

issible operating range

[SOURCE: IEC 60050-411:1996, 411-51-13]

3.1
cycli

c duration factor

ratio between the period of loading, including starting and electric braking, and the duration of

the d

uty cycle, expressed as a percentage

[SOURCE: IEC 60050-411:1996, 411-51-09]
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locked-rotor torque
minimum measured torque the motor develops at its shaft and with the rotor locked, over all its

angu

lar positions, at rated voltage and frequency

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

3.13

locked-rotor current
greatest steady-state r.m.s. current taken from the line with the rotor locked, over all angular
positions of its rotor, at rated voltage and frequency

2022

[sou

3.14
pull-
minin
the s
volta

Note
decre

Note 2
functi

At sud

Exper
torqueg

3.15
brea
maxi
in sp

Note 1
speed

3.16
pull-
maxi
volta

3.17
cool

RCE: IEC 60050-411:1996, 411-48-16]

Lip torque <of an AC motor>

peed which corresponds to the breakdown torque, when the motor.isxsupplied at the
je and frequency

to entry: This definition does not apply to those asynchronous metors of which the torque cont
ses with increase in speed.

to entry: In addition to the steady-state asynchronous torques, harmonic synchronous torques, which
n of rotor load angle, will be present at specific speeds.

h speeds, the accelerating torque may be negative for some rotor load angles.

ence and calculation show this to be an unstable operating condition, and therefore, harmonic synchn
s do not prevent motor acceleration, and are excluded from this definition.

kdown torque <of an AC motor>
mum steady-state asynchronous.torque which the motor develops without an abrupt
bed, when the motor is suppliedyat the rated voltage and frequency

to entry: This definition does\not apply to motors with torques that continually decrease with incre

put torque <of-a.synchronous motor>
mum torque which the synchronous motor develops at synchronous speed with
e, frequeneéyrand field current

procgduré by means of which heat resulting from losses occurring in a machine is given

ng

hum steady-state asynchronous torque which the motor develops between zero speed and

rated

nually

are a

jonous

drop

Ase in

rated

up to

a primary coolant, which may be continuously replaced or may itself be cooled by a secondary
coolant in a heat exchanger

[SOURCE: IEC 60050-411:1996, 411-44-01]

3.18

coolant
medium, liquid or gas, by means of which heat is transferred

[SOURCE: IEC 60050-411:1996, 411-44-02]
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3.19

primary coolant

medium, liquid or gas, which, being at a lower temperature than a part of a machine and in
contact with it, removes heat from that part

[SOURCE: IEC 60050-411:1996, 411-44-03]

3.20

secondary coolant
medium, liquid or gas, which, being at a lower temperature than the primary coolant, removes
the heat given up by this primary coolant by means of a heat exchanger or through the external
surface of the machine

[SOURCE: IEC 60050-411:1996, 411-44-04]

3.21
direqt cooled winding
innefl cooled winding
winding mainly cooled by coolant flowing in direct contact with the coeled part through hpllow
condpctors, tubes, ducts or channels which, regardless of their orientation, form an integral part
of the winding inside the main insulation

Note 1 to entry: In all cases when ‘indirect’ or ‘direct’ is not stated, an ihdirect cooled winding is implied.

[SOYRCE: IEC 60050-411:1996, 411-44-08]

3.22
indirpct cooled winding
any winding other than a direct cooled winding

Note 1 to entry: In all cases when ‘indirect’ or, ‘direct’ is not stated, an indirect cooled winding is implied.

[SOURCE: IEC 60050-411:1996, 411+-44-09]

3.23
supplementary insulation
independent insulation applied in addition to the main insulation in order to ensure protdction
against electric shocksinthe event of failure of the main insulation

3.24
moment of inértia
sum (integral)_of the products of the mass elements of a body and the squares of their distgnces
(radif) from>a given axis

3.25
thermal equilibrium

state reached when the temperature rises of the several parts of the machine do not vary by
more than a gradient of 17 K per half hour

Note 1 to entry: Thermal equilibrium may be determined from the time-temperature rise plot when the straight lines
between points at the beginning and end of two successive intervals of half hour each have a gradient of 1 K or less
per half hour or 2 K or less per hour.

[SOURCE: IEC 60050-411:1996, 411-51-08, modified: modification indicated in italics.]

3.26

thermal equivalent time constant

time constant, replacing several individual time constants, which determines approximately the
temperature course in a winding after a step-wise current change
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3.27
encapsulated winding
winding which is completely enclosed or sealed by moulded insulation

[SOURCE: IEC 60050-411:1996, 411-39-06]

3.28
rated form factor of direct current supplied to a DC motor armature from a static power
converter

ratio of the r.m.s. maximum permissible value of the current /¢ axN tO its average value 7,
(me value infpgmmd qver aone Inorind) at rated conditions:

]rms, maxN

ki =
[avN

3.29
current ripple factor
ratio |of the difference between the maximum value I,,, and the minishum value I, ¢f an

undulating current to two times the average value I, (mean value integrated over one pefiod):

_ Imax _[min

g 2x1y,

Note 1 to entry: For small values of current ripple, the ripple facter, may be approximated by the following fofmula:

L [max _[min
[ =—nax_min
Imax™min

Note 3 to entry: The above formula may be used as an approximation if the resulting calculated value of ¢, is|equal
to or less than 0,4.

The basis for determining this variation should be by oscillograph measurement (or a comparable device) and ot by
ammeter readings. A line should be drawn,on the oscillogram through the consecutive peaks of the current|wave.
This Ijne is the envelope of the currebt-wave. The variation is the difference between the maximum (7__l) and

minimpm (7_. ) ordinates of this envélope.
3.30
tolerpnce

permijtted deviation between the declared value of a quantity and the measured value

3.31
type|test
test ¢f one jor more machines made to a certain design to show that the design meets cegrtain
specffications

Note 1 to entry: The type test may also be considered valid if it is made on a machine which has minor deviations
of rating or other characteristics. These deviations should be subject to agreement.

[SOURCE: IEC 60050-411:1996, 411-53-01]

3.32

routine test

test to which each individual machine is subjected during or after manufacture to ascertain
whether it complies with certain criteria

[SOURCE: IEC 60050-411:1996, 411-53-02]
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3.33

runaway speed
maximum speed attained by the motor-generator set after removal of the full load of the
generator if the speed regulator does not function

Note 1

Note 2 to entry:

the co

to entry: The motor can be also a turbine or an internal combustion engine.

upled equipment

[SOURCE: IEC 60050-411:1996, 411-17-23]

For motors, the maximum overspeed at loss of supply is meant that a motor might reach driven by

3.34
main
basid

3.35

converter capable machine

elect
elect

Note 1
C whi

Note 2

but ag the harmonic content of the converter output voltage varies between different drive topologies, coordi

with th

Note J
acous

3.36

conVerter duty machine

elect
conv

Note
efficie

3.37
shaf
volta

whiclh may occur due-to magnetic asymmetries

Note 1
Claus

Note 2

insulation
insulation (see IEC 60664-1) of a rotating electrical machine

rical machine designed for direct online start and suitable for_gpération on a p
fonic frequency converter without special filtering

to entry: Such motors include but are not limited to IEC Design N, NE; H,;”or HE, or NEMA Design A
h may be subject to energy efficiency regulation in the EU, North AmeTriea’ or other locations.

to entry: The intent of the converter capable motor is to run within‘the thermal class of the insulation s
e manufacturer may be required by the end user.

to entry: See IEC TS 60034-25 for performance variations of all characteristics such as efficiend
ic noise when operating a converter capable motor on‘a\frequency converter.

rical machine designed specifically;-for operation fed by a power electronic freqy
prter with a temperature rise withinvthe specified insulation thermal class or thermal g

to entry: Such motors have nellEC Design or NEMA Design letter and may be exempted from g
hcy regulation in the EU, North'Amierica and other locations.

voltage
pe of mainly supply frequency measured between the shaft ends of an electrical mac

to entry;7~For more information on the root cause of the shaft voltage, see IEC TS 60034-24:2009, 5
e 6.

te’entfy: The shaft voltage of (mainly) supply frequency should not be mixed-up with the HF shaft v

ower

B, or

stem;
hation

y and

ency
lass.

nergy

hine,

5 and

pltage

which

canvbe caused in converter-fed machines by a high frequency (HF) common mode current impulse.

4 Duty

4.1

Declaration of duty

It is the responsibility of the purchaser to declare the duty. The purchaser may describe the

duty

by one of the following:

a) numerically, where the load does not vary or where it varies in a known manner;

b) as atime sequence graph of the variable quantities;

c) by selecting one of the duty types S1 to S10 that is no less onerous than the expected duty.

The duty type shall be designated by the appropriate abbreviation, specified in 4.2, written after

the v

alue of the load.
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An expression for the cyclic duration factor is given in the relevant duty type figure.
The purchaser normally cannot provide values for the moment of inertia of the machine (Jy;) or
the relative thermal life expectancy (TL), see Annex A. These values are provided by the

manufacturer.

Where the purchaser does not declare a duty, the manufacturer shall assume that duty type S1
(continuous running duty) applies.

4.2 Duty types

4.2.1 Duty type S1 — Continuous running duty

Operption at a constant load maintained for sufficient time to allow the machine to reach thg¢rmal
equillbrium, see Figure 1.

The appropriate abbreviation is S1.
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IEC
Key

P load

Py electrical losses

(©) temperature

(€] maximum temperature attained

time

~

Figure 1 — Continuous running duty — Duty type S1

4.2.2 Duty type S2 — Short-time duty

Operation at constant load for a given time, less than that required to reach thermal equilibrium,
followed by a time at rest and de-energized of sufficient duration to re-establish machine
temperatures within 2 K of the coolant temperature, see Figure 2.

The appropriate abbreviation is S2, followed by an indication of the duration of the duty.

Example: S2 60 min.
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Key

P load

Py electrical losses

(©) temperature

(€] maximum temperattre attained

max

time

~

Aty operation-time at constant load,
e. g\ Aty = 60 min for S2 60 min

4.2.3 Duty type S3 - Intermittent periodic duty

L Figure2—Shorttimeduty—Duty type 52—

NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle T, other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each including a time of operation at constant load and a
time at rest and de-energized, see Figure 3. In this duty, the cycle is such that the starting

current does not significantly affect the temperature rise.

The appropriate abbreviation is S3, followed by the cyclic duration factor.

Example: S3 25 %.
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max

—mm e ————— e

IEC
Key
P load
Py electrical losses
(€] temperature
0.« | maximum temperaturétattained
t time
Te time of one load, cycle
Atp operation_tinte at constant load
Atg time at.rest and de-energized

Cyclic|dyration factor = Atp/T

Figure 3 — Intermittent periodic duty — Duty type 53

4.2.4 Duty type S4 - Intermittent periodic duty with starting
NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle T, other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle including a significant starting time, a time of
operation at constant load and a time at rest and de-energized, see Figure 4.

The appropriate abbreviation is S4, followed by the cyclic duration factor, the moment of inertia
of the motor (J);) and the moment of inertia of the load (J,;), both referred to the motor shaft.
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Example: S4 25 % J,, = 0,15 kg x m? Joui = 0,7 kg x m?
Py - Te N
- - |
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| | L
b ! | | b !
| 1 H 1 1 1 |
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! I ' : ! R
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Atp ! ' i I
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i
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i
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i
IEC

Key

P load t time

Py, electricdl lpsses T time of one load cycle

® temperature Aty starting/accelerating time

0 max maximum temperature attained Aty operation time at constant load

Atg time at rest and de-energized

Cyclic duration factor = (Atp + Atp)/ T,

Figure 4 — Intermittent periodic duty with starting — Duty type S4

4.2.5 Duty type S5 - Intermittent periodic duty with electric braking
NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle T, other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle consisting of a starting time, a time of operation
at constant load, a time of electric braking and a time at rest and de-energized, see Figure 5.
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The appropriate abbreviation is S5, followed by the cyclic duration factor, the moment of inertia
of the motor (Jyy) and the moment of inertia of the load (J;), both referred to the motor shaft.

Example: S5 25 % J,, = 0,15 kg x m?

Joi = 0,7 kg x m?
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IEC
Key
P load T time of one load cycle
Py electrical losses Aty starting/accelerating time
(€] temperature Aty operation time at constant load
O ax maximum temperature attained Ate time of electric braking
t time Atg time at rest and de-energized

Cyclic duration factor = (At + At + At)/ T,

Figure 5 — Intermittent periodic duty with electric braking — Duty type S5
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4.2.6 Duty type S6 — Continuous operation periodic duty
NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle T, other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle consisting of a time of operation at constant
load and a time of operation at no-load. There is no time at rest and de-energized, see Figure 6.

The appropriate abbreviation is S6, followed by the cyclic duration factor.

Example—~S6-40-%

A[P - A[R

A
y

A
Y

"
<

max

©)
i
[
PSS S, =S Ay P
i
1
[
[
1
[
|
[
1
1
[
[
!
[
J R VPR PHPPPY S

IEC
Key

P load t time

P, electrical losses T time of one load cycle

(€] temperature Aty operation time at constant load
0 max maximum temperature attained Aty operation time at no-load

Cyclic duration factor = A#,/T,

Figure 6 — Continuous operation periodic duty — Duty type S6
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4.2.7 Duty type S7 — Continuous operation periodic duty with electric braking
NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle T, other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle consisting of a starting time, a time of operation
at constant load and a time of electric braking. There is no time at rest and de-energized, see
Figure 7.

The appropriate abbreviation is S7, followed by the moment of inertia of the motor (J);) and the

ntaof inertia aof tha laad (I \ _haoth refarred to-the-motorshaft
mompat-efinertia-of thetoad{/ ) bothreforrodto-the-metor shaft.

Example: S7 J,, = 0,4 kg x m? Joyt = 7,5 kg x m?
Tc
Poj
B I T r
| | |
| | | -
[ [ 1 1
| | /
| | |
i | J l
o e P
Mol iy M Lt -
a1 P o
% ! ! ' ! |
P Pl P
Lo P b
! | ! | ! |
| l |
| | |
| | |
| | |
|

\

IEC
Key

P load t time

P, electrical losses T time of one load cycle

® temperature Aty starting/accelerating time

0 max maximum temperature attained Aty operation time at constant load
Cyclic duration factor = 1 Ate time of electric braking

Figure 7 — Continuous operation periodic duty with electric braking — Duty type S7
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4.2.8 Duty type S8 — Continuous operation periodic duty with related load/speed
changes

NOTE 1 Periodic duty implies that thermal equilibrium is not reached during the time on load.

NOTE 2 For duty cycles with a time of one load cycle 7 other than 10 min, see 5.2.3.

A sequence of identical duty cycles, each cycle consisting of a time of operation at constant
load corresponding to a predetermined speed of rotation, followed by one or more times of
operation at other constant loads corresponding to different speeds of rotation (carried out, for
example, by means of a change in the number of poles in the case of induction motors). There
is no time at rest and de-energized (see Figure 8).

The appropriate abbreviation is S8, followed by the moment of inertia of the motor (Jyy) and the
moment of inertia of the load (J,), both referred to the motor shaft, together with the [load,
speefl and cyclic duration factor for each speed condition.

Example: S8 Jy, = 0,5 kg x m? Joy = 6 kg x m? 16 kW 740 mifs]! 30 po
40 kW 1,460 min~"' 30 po
25 kW 980 min~! 40 .
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P load t time
Py electrical losses T time of one load cycle
(€] temperature Aty starting/accelerating time
0.« | maximum temperature attained Aty operation time at constant load (P1, P2, P3)
n speed Ate time of electric braking (F1, F2)
Cycliq duration factor = (Atg KAL) Te; (Atpy + Atpy) Te; (Atp, + Atpg) T
Figure 8 — Continuous operation periodic duty
with related load/speed changes — Duty type S8
4.2.9 Duty type S9 — Duty with non-periodic load and speed variations

A duty in which generally load and speed vary non-periodically within the permissible operating
range. This duty includes frequently applied overloads that may greatly exceed the reference
load (see Figure 9).

The appropriate abbreviation is S9.

For this duty type, a constant load appropriately selected and based on duty type S1 is taken
as the reference value (P, in Figure 9) for the overload concept.

Converter duty can also be determined under duty type S9 when operated on dynamic non-
periodic load and speed variations. Subclause 4.2 of IEC TS 60034-25:2014 can be considered
as reference in determining converter duty.
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P load t time

Pos reference load Aty starting/accelerating time

P, electrical losses Aty operation time at constant load

® temperature Ate time of electric braking

0.« | maximum.temperature attained Aty time at rest and de-energized

n speed Atg time under overload

4.2.10 Duty type S10 — Duty with discrete constant loads and speeds

A duty consisting of a specific number of discrete values of load (or equivalent loading) and if
applicable, speed, each load/speed combination being maintained for sufficient time to allow
the machine to reach thermal equilibrium, see Figure 10. The minimum load within a duty cycle
may have the value zero (no-load or at rest and de-energized).

The appropriate abbreviation is S10, followed by the per unit quantities p/A¢ for the respective
load and its duration and the per unit quantity 7L for the relative thermal life expectancy of the
insulation system. The reference value for the thermal life expectancy is the thermal life
expectancy at rating for continuous running duty and permissible limits of temperature rise
based on duty type S1. For a time at rest and de-energized, the load shall be indicated by the
letter r.


https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 60034-1:2022 © IEC 2022 - 29 -

Example: S10 p/At = 1,1/0,4; 1/0,3; 0,9/0,2; »/0,1 TL = 0,60.

The value of TL should be rounded off to the nearest multiple of 0,05. Advice concerning the
significance of this parameter and the derivation of its value is given in Annex A.

For this duty type a constant load appropriately selected and based on duty type S1 shall be
taken as the reference value (P, in Figure 10) for the discrete loads.

The discrete values of load will usually be equivalent loading based on integration over a period
of time. It is not necessary that each load cycle be exactly the same, only that each load within
a cycle be maintained for sufficient time for thermal equilibrium to be reached, and that each
load cycle be capable of being integrated to give the same relative thermal life expectancyy.

ConVerter duty can also be determined under duty type S10 when operated on discrete] i. e.
non-dlynamic, non-periodic load and speed variations. Subclause 4.2 of IEC TS 60034-25:2014
can he considered as reference in determining converter duty.
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Figure 10 — Duty with discrete constant loads — Duty type S10
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5 Rating

5.1 Assignment of rating

The rating, as defined in 3.2, shall be assigned by the manufacturer. In assigning the rating the
manufacturer shall select one of the classes of rating defined in 5.2.1 to 5.2.6. The designation
of the class of rating shall be written after the rated output. If no designation is stated, rating
for continuous running duty applies.

When accessory components (such as reactors, capacitors, etc.) are connected by the
manufacturer as part of the machine, the rated values shall refer to the supply terminals of
the whole arrangement.

NOTE| This does not apply to power transformers connected between the machine and the supply.

Specjal considerations are required when assigning ratings to machines fed from“or supglying
stati¢ converters. IEC TS 60034-25 gives guidance on this.

5.2 | Classes of rating
5.21 Rating for continuous running duty

A ratjng at which the machine may be operated for an unlimjtéd period, while complying with
the réquirements of this document.

This plass of rating corresponds to duty type S1 and.is.designated as for the duty type S1,.

5.2.2 Rating for short-time duty

A rafing at which the machine may be operated for a limited period, starting at ampbient
tempgrature, while complying with the requirements of this document.

This plass of rating corresponds to duty type S2 and is designated as for the duty type S2.

5.2.3 Rating for periodic duty

A raling at which the machine may be operated on duty cycles, while complying with the
requirements of this doCument.

This [class of rating, corresponds to one of the periodic duty types S3 to S8 and is designated
as fof the corresponding duty type.

Unless otherwise specified, the duration of a duty cycle shall be 10 min and the cyclic duration
factof shall be one of the following values:

15 %, 25 %, 40 %, 60 %.

5.2.4 Rating for non-periodic duty

A rating at which the machine may be operated non-periodically while complying with the
requirements of this document.

This class of rating corresponds to the non-periodic duty type S9 and is designated as for the
duty type S9.
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5.2.5 Rating for duty with discrete constant loads and speeds

A rating at which the machine may be operated with the associated loads and speeds of duty
type S10 for an unlimited period of time while complying with the requirements of this document.
The maximum permissible load within one cycle shall take into consideration all parts of the
machine, for example, the insulation system regarding the validity of the exponential law for the
relative thermal life expectancy, bearings with respect to temperature, other parts with respect
to thermal expansion. Unless specified in other relevant IEC standards, the maximum load shall
not exceed 1,15 times the value of the load based on duty type S1. The minimum load may
have the value zero, the machine operating at no-load or being at rest and de-energized.
Considerations for the application of this class of rating are given in Annex A.

This [class of rating corresponds to the duty type S10 and is designated as for the duty|type
S10.

NOTE| Other relevant IEC standards may specify the maximum load in terms of limiting winding.temperatyre (or
tempefrature rise) instead of per unit load based on duty type S1.

5.2.6 Rating for equivalent loading

A rat|ng, for test purposes, at which the machine may be operated aticonstant load until thermal
equillbrium is reached and which results in the same stator winding temperature rise ap the
average temperature rise during one load cycle of the specified'duty type.

The getermination of an equivalent rating should take account of the varying load, speed and
coolipg of the duty cycle.

This flass of rating, if applied, is designated 'equ';

5.3 | Selection of a class of rating

A mgchine manufactured for general pufpose shall have a rating for continuous running|duty
and e capable of performing duty typ&"S1.

If the|duty has not been specified\by the purchaser, duty type S1 applies and the rating assigned
shalllbe a rating for continuous> running duty.

When a machine is intended to have a rating for short-time duty, the rating shall be basgd on
duty fype S2, see 4.2(2,

When a machinetis intended to supply varying loads or loads including a time of no-load or
timeg where the machine will be in a state of at rest and de-energized, the rating shall|be a
ratin* for periodic duty based on a duty type selected from duty types S3 to S8, see ¢.2.3

to 4.2.8.

When a machine is intended to supply non-periodically variable loads at variable speeds,
including overloads, the rating shall be a rating for non-periodic duty based on duty type S9,
see 4.2.9.

When a machine is intended to supply discrete constant loads including times of overload or
times of no-load (or at rest and de-energized), the rating shall be a rating with discrete constant
loads based on duty type S10, see 4.2.10.

5.4 Allocation of outputs to class of rating

In the determination of the rating:

For duty types S1 to S8, the specified value(s) of the constant load(s) shall be the rated
output(s), see 4.2.1 to0 4.2.8.


https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 6

0034-1:2022 © IEC 2022 - 33 -

For duty types S9 and S10, the reference value of the load based on duty type S1 shall be taken
as the rated output, see 4.2.9 and 4.2.10.

5.5
5.5.1

Rated output

DC generators

The rated output is the output at the terminals and shall be expressed in watts (W).

5.5.2

The 1
(VA)

The

AC generators

together with the power factor.

ated power factor for synchronous generators shall be 0,8 lagging (over-excited), u

othenwise specified by the purchaser.

NOTE| A P-Q capability diagram (power chart) indicating the limits of operation, provides more detailed infor
on generator’s performance.

5.5.3 Motors

The fated output is the mechanical power available at the ghaft and shall be express
wattq (W).

NOTE| Itis the practice in some countries for the mechanical poweravailable at the shafts of motors to be exp

in hor:

epower (1 h.p. is equivalent to 745,7 W; 1 ch (cheval or ptetric horsepower) is equivalent to 736 W).

5.5.4  Synchronous compensators

eres

hless

nation

ed in

essed

utput
also

utput
see

The nated output is the reactive power at thecterminals and shall be expressed in volt-amperes
(VA)fin leading (under-excited) and lagging (o6ver-excited) conditions.

5.6 | Rated voltage

5.6.1 DC generators

For OC generators intended to’operate over a relatively small range of voltage, the rated o
and qurrent shall apply atithe highest voltage of the range, unless otherwise specified, seg
7.3.

5.6.2 AC generators

For AC generators intended to operate over a relatively small range of voltage, the rated o
and power factor shall apply at any voltage within the range, unless otherwise specified
also [.3.

5.6.3 AC motors

AC motors may have two or more different rated voltages or a rated voltage range, as indicated
on the rating plate (see 10.4.2). In all these cases, voltage (and frequency) variations according
to 7.4 are valid in addition and do not need be indicated separately.

5.7

Preferred combinations of voltages and outputs

It is not practical to build machines of all ratings for all rated voltages. In general, for AC
machines, based on design and manufacturing considerations, preferred voltage ratings above

1kV

in terms of rated output are as shown in Table 1.
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Table 1 — Preferred voltage ratings

Rated voltage Minimum rated output
kV kW (or kVA)

1,0<Uy=3,0 100

3,0<Uy=6,0 150

6,0 <Uy=11,0 800

11,0 < Uy = 15,0 2 500

2022

5.8

For n

Machines with more than one rating

nachines with more than one rating, the machine shall comply with this docdment

respgcts at each rating.

For n

hulti-speed machines, a rating shall be assigned for each speed.

When a rated quantity (output, voltage, speed, etc.) may assume several values or

conti
does
star-

6

rd .Y

6.1

Unle
the g
temp
devig

Mach
cons

6.2

The
cons

huously within two limits, the rating shall be stated at these(values or limits. This proy
not apply to voltage and frequency variations during operation as defined in 7.3
lelta connections intended for starting.

bite conditions

General

asing during operation, for standstilly"storage and transportation. The cold coolant
eratures for different types of cooling are specified in Table 5. For site operating cond
ting from those values, corrections are given in Clause 8.

ines operating outside-the’ range of the standard site conditions shall require sp
deration.

Altitude

altitude shallsnot exceed 1 000 m above sea level. For higher altitudes, it sh
dered in<the design of the machine that the arcing distance will decrease wit

decrgasing air-pressure.

6.3

Maximum ambient air temperature

in all

vary
ision
or to

5s otherwise specified, machines shall be suitable for the following site conditions outside

inlet
tions

ecial

Il be
the

The ambient air temperature shall not exceed 40 °C.

6.4

Minimum ambient air temperature

Unless otherwise agreed between manufacturer and customer, the ambient air temperature
shall not be less than —15 °C for all machines except machines with any of the following, for
which the ambient temperature shall be not less than 0 °C:

a) rated output greater than 3 300 kW (or kVA) per 1 000 min—1;
b) rated output less than 600 W (or VA);

c) a
d) a

commutator;

sleeve bearing;
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e) water as a primary or secondary coolant.
6.5 Water coolant temperature

For the reference water coolant temperature, see Table 5. For other water coolant
temperatures, see Table 10. The water coolant temperature shall not be less than +5 °C.

6.6 Standstill, storage and transport

When temperatures lower than specified in 6.4 are expected during transportation, storage, or
after installation at standstill, the purchaser shall inform the manufacturer and specify the

expe'\fnd minimum +nmpnr9h e

Speclal measures may be needed before energizing the machine after longer¢periodls of
standstill, storage and transportation. Special measures may also be needed during thé un-
operational periods. See manufacturer’s instructions.

6.7 | Purity of hydrogen coolant

Hydrpgen cooled machines shall be capable of operating at rated output_under rated conditions
with @ coolant containing not less than 95 % hydrogen by volume.

For dafety reasons, the hydrogen content should at all times ke maintained at 90 % or mqre, it
being assumed that the other gas in the mixture is air.

For galculating efficiency in accordance with IEC 6003442 (all parts), the standard composition
of th¢ gaseous mixture shall be 98 % hydrogen and‘2 % air by volume, at the specified values
of prgssure and temperature of the re-cooled gas; unless otherwise agreed. Windage Igsses
shall|be calculated at the corresponding density

7 Electrical operating conditions

71 Electrical supply

For three-phase AC machines,50 Hz or 60 Hz, intended to be directly connected to distribution
or ut|lisation systems, the rated voltages shall be derived from the nominal voltages given in
IEC 60038.

NOTE| For large high-voltage AC machines, the voltages may be selected for optimum performance.

For AC machines:connected to static converters these restrictions on voltage, frequency and
wavgform domnot apply. In this case, the rated voltages shall be selected by agreement.

For qonverter capable or converter duty electrical machines with Type | or Type Il insullation
systgmsvaccording to IEC 60034-18-41 or IEC 60034-18-42, the manufacturer can assidn an
impulse voltage insulation class (IVIC) for the insulation system.

In case of a converter capable or converter duty electrical machine with rated power above 1
kW with a Type | insulation system and an IVIC assigned, the insulation system should be
suitable for IVIC C for phase-to-phase and IVIC B for phase-to-ground, or as otherwise agreed
to between the user and the manufacturer.

In case of a converter capable or converter duty electrical machine with rated voltage Uy < 1 kV

with a Type Il insulation system and an IVIC assigned, the insulation system should be suitable
for IVIC 5 for phase-to-phase and IVIC 4 for phase-to-ground or as otherwise agreed to between
the user and the manufacturer.
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In case of a converter capable or converter duty electrical machine with rated voltage Uy > 1 kV

with a Type |l insulation system, it is the responsibility of the electrical machine manufacturer
to specify the impulse voltage withstand ability of the electrical machine winding insulation.
Since drive topologies vary greatly, and since these larger motors are converter duty machines
mostly custom designed as needed, it is, in case an IVIC is assigned, not practical to define a
default IVIC level (see IEC TS 60034-25). If the topology of the frequency converter and the
system are known, IEC TS 61800-8 can be used to give an indication of the peak voltage at the

moto

r terminals and therefore the motor’s needed IVIC.

In case an IVIC is assigned, the IVIC level shall be given in the documentation and preferably

on th

e rating plate (see Clause 10).

NOTE| For more information on special considerations for converter fed machines, see IEC TS 60034-25.

Any bus transfer or fast reclosing of an AC machine, as it might occur, for examplé, due t
voltape ride through requirements of grid codes, can lead to very high™péak cur
endapgering the stator winding overhang and to a very high peak torque of up to 20 times
torgue endangering the mechanical structure including the coupling and the driven or di
equipment, if the reclosing is done without synchronizing. Bus transfer or fast reclosi

ther
drive

For i
open
elect
time
the s
and

7.2
7.2.1

7.21
gene
volta

ore only allowed if specified and accepted by the manufacturers 6f electric maching
h equipment.

nduction machines with ratings < 10 MW or MVA, slow reclosing exceeding 1,5 time
circuit time constant is allowed, if specified and aceepted by the manufacturers g
ric machine and the driven equipment. For ratings 210 MW or MVA, the allowed min
for slow reclosing should be determined by transient analysis of the complete syste
stem integrator and is allowed if accepted by the manufacturers of the electric ma
he driven equipment.

Form and symmetry of voltages and.currents
AC motors

.1 AC motors rated for use'oh a power supply of fixed frequency, supplied from a
rator (whether local or via ‘a-supply network) shall be suitable for operation on a s
je having a harmonic voltage factor (HVF) not exceeding:

02 for single-phase.motors and three-phase motors, including synchronous motor
kcluding motors ~efi*design N (see IEC 60034-12), unless the manufacturer dec
herwise;

03 for design'N motors.

HV'F shall. be computed by using the following formula:

o the
rents
rated
iving
ng is
b and

s the
f the
mum
m by
cChine

n AC
Lipply

5 but
lares

where

n

u, is the ratio of the harmonic voltage U, to the rated voltage Uy;

n is the order of harmonic (not divisible by three in the case of three-phase AC motors);
k=13.

Three-phase AC motors shall be suitable for operation on a three-phase voltage system having
a negative-sequence component not exceeding 1 % of the positive-sequence component over
a long period, or 1,5 % for a short period not exceeding a few minutes, and a zero-sequence
component not exceeding 1 % of the positive-sequence component.
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Should the limiting values of the HVF and of the negative-sequence and zero-sequence
components occur simultaneously in service at the rated load, this shall not lead to any harmful
temperature in the motor, and it is recommended that the resulting excess temperature rise
related to the limits specified in this document should be not more than approximately 10 K.

In the vicinity of large single-phase loads (e.g. induction furnaces), and in rural areas
particularly on mixed industrial and domestic systems, supplies may be distorted beyond the
limits set out above. Special arrangements will then be necessary.

7.21.2 AC motors supplied from static converters have to tolerate higher harmonic contents
of the supply voltage; see IEC TS 60034-25.

NOTE| When the supply voltage is significantly non-sinusoidal, for example from static converters, the r.n:s [ value
of the|total waveform and of the fundamental are both relevant in determining the performance of an AC.maclhine.

7.2.2 AC generators

Threg¢-phase AC generators shall be suitable for supplying circuits which, when supplied|by a
systgm of balanced and sinusoidal voltages:

a) result in currents not exceeding a harmonic current factor (HCF)-¢f.0,05, and

b) resultin a system of currents where neither the negative-sequenee component nor the gero-
sequence component exceed 5 % of the positive-sequence cemponent.

The HCF shall be computed by using the following formulag

HCF = /iij
n=2

i, igthe ratio of the harmonic currenti{to the rated current /;

wherg

i the order of harmonic;
k=1B.

load,|this shall not lead.tfo any harmful temperature in the generator, and it is recommended
that the resulting excess temperature rise related to the limits specified in this document should
be ngt more than approximately 10 K.

Sho:]ld the limits of deformation and imbalance occur simultaneously in service at the rated

7.2.3 Synchtonous machines

Unless otherwise specified, three-phase synchronous machines shall be capable of opernating
contingeusly on an unbalanced system in such a way that, with none of the phase currents

P HY +h ol £ _+h I'H £ ¢+ +i $ £ + (I t
eXCequIIH e 1TdiCuU CUTTorrg, urc 1atrv Ut uirc IIU&G[IVU SCTUUTTIVT CUTTTPUTITTIL UT CUTTTITIL \1(2) o

the rated current () does not exceed the values in Table 2, and under fault conditions shall

be capable of operation with the product of (1(2)/1N)2 and time (¢) not exceeding the values in
Table 2.
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Table 2 — Unbalanced operating conditions for synchronous machines

Item Machine type Maximum I(Z)IIN value for Maximum (I(z)IIN)z x ¢in
continuous operation seconds for operation under
fault conditions
Salient pole machines and PM excited machines
1 Indirect cooled windings
motors 0,1 20
generators 0,08 20
synchronous compensators 0.1 20
2 Direct cooled (inner cooled) stator
and/or field windings
motors 0,08 15
generators 0,05 15
synchronous compensators 0,08 15
Cylindrical rotor synchronous machines
3 Indirect cooled rotor windings
air-cooled 0,1 15
hydrogen-cooled 0,1 10
4 Direct cooled (inner cooled) rotor
windings
<350 MVA 0,08 8
>350 <900 MVA a b
>900 <1250 MVA a 5
>1 250 <1600 MVA 0,05 5

N
Fpr

2)

S

— = 0,08 —

Sy, - 350

3x10°*

these machines, the value-of\(Y ,,//, )2 x ¢, in seconds, is calculated as follows:

)N
I1,)? x ¢ = 8 — 0,005 45 (S, = 350)

Fpr these machines, the value of 1(2)/1N is calcltated as follows:

here in the two footnotes, Sy, is the rated apparent power in MVA.

7.2.

DC mgtors supplied from static power converters

In thé case-of a DC motor supplied from a static power converter, the pulsating voltage and
currgnt affect the performance of the machine. Losses and temperature rise will increase
and fhe‘commutation is more difficult compared with a DC motor supplied from a pure DC power
Source.

It is necessary, therefore, for motors with a rated output exceeding 5 kW, intended for supply
from a static power converter, to be designed for operation from a specified supply, and, if
considered necessary by the motor manufacturer, for an external inductance to be provided for
reducing the undulation.

The static power converter supply shall be characterized by means of an identification code, as
follows:

[CCC— Uan —f~ 1]
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where
CCC is the identification code from Table 3, which is based on IEC 61148;

U,y consists of three or four digits indicating the rated alternating voltage at the input
terminals of the converter, in V;

f consists of two digits indicating the rated input frequency, in Hz;

L consists of one, two or three digits indicating the series inductance to be added
externally to the motor armature circuit, in mH. If this is zero, it is omitted.

Table 3 — CCC symbol designation

Idehtification code 1-pair configuration Pair number “m” Clause No. and title
cce (configuration name) for arms in in IEC 61148
IEC 61148

A-Type Thyristor + Thyristor m=3 5.1.3.2 Bridge connection
(Full bridge)

B-Type Thyristor + Diode m=3 Same as_above
(Mixed bridge)

C-Type Thyristor + Thyristor m =2 Same as above
(Full bridge)

D-Type Thyristor + Diode m =2 Same as above

(Mixed bridge)

Motors with rated output not exceeding 5 kW, instead of being tied to a specific type of $tatic
powdr converter, may be designed for use withi-any static power converter, with or wirhout
external inductance, provided that the rated ferrm factor for which the motor is designed will not
be surpassed and that the insulation level, of the motor armature circuit is appropriate fdr the
rated alternating voltage at the input terminals of the static power converter.

In alljcases, the undulation of the static power converter output current is assumed to be sp low
as to[result in a current ripple facter not higher than 0,1 at rated conditions.

7.3 | Voltage during starting of AC motors

An AIC motor will start only if its starting torque is adequately matched to the counter-tarque
and fhe inertia of thie Joad. For three-phase, single-speed AC motors, a motor shall be able to
startjat 90 % of its\rated voltage at a load torque proportional to the speed squared up to [f0 %
of the¢ rated torque at rated speed and a load inertia up to 50 % of the motor’s inertia, as|long
as nq differentvalue has been specified beforehand.

NOTE|14/See IEC TS 60034-25 for information on converter duty machines.

NOTE 2 For starting performance of design N motors, see IEC 60034-12.
7.4 Voltage and frequency variations during operation

For AC machines rated for use on a power supply of fixed frequency supplied from an AC
generator (whether local or via a supply network), combinations of voltage variation and
frequency variation are classified as being either zone A or zone B, in accordance with
Figure 11. For generators or synchronous compensators within the scope of IEC 60034-3 and
for hydro generators within the scope of IEC 60034-33, different voltage and frequency limits
apply as defined in those standards.

For DC machines, when directly connected to a normally constant DC bus, zones A and B apply
only to the voltages.
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A machine shall be capable of performing its primary function, as specified in Table 4,
continuously within zone A, but need not comply fully with its performance at rated voltage and
frequency (see rating point in Figure 11), and may exhibit some deviations. Temperature rises

may

be higher than at rated voltage and frequency.

A machine shall be capable of performing its primary function within zone B, but may exhibit
greater deviations from its performance at rated voltage and frequency than in zone A.
Temperature rises may be higher than at rated voltage and frequency and most likely will be
higher than those in zone A. Extended operation at the perimeter of zone B is not recommended.

In practical applications and operating conditions, a machine will sometimes be required to
te outside the perimeter of zone A. Such excursions should be limited in value, duration

operj:

and frequency of occurrence. Corrective measures should be taken, where practical, wit
reasgnable time, for example, a reduction in output. Such action may avoid a reducti
macline life from temperature effects.

hin a
DN in

For machines that are designed to operate at the temperature rise limits ofsth€ir thermal dlass,

the draph in Figure 12 is offered as indicative guidance to machine users for the req

redu
can
varia

fion of voltage and frequency is calculated as:

U-Un _ f-fN
AD| = |——— —
A0l Un N

uired

tion of output power as function of the combined variation of voltage and frequency that
imit, but not necessarily completely avoid a reduction in machine life. The combined

Operpting outside zone A may also have significant‘effects on the acoustic noise, the vibration

and the magnetic pull.

NOTE|1 The temperature-rise limits or temperature limits’in accordance with this document apply at the rating point
and mjay be progressively exceeded as the operating point moves away from the rating point. For conditions|at the
extrenje boundaries of zone A, the temperature rises and temperatures typically exceed the limits specified fn this
docunjent by approximately 10 K; the hot-spot temperature might even increase significantly more.

NOTE|2 In case it is required for operationalreasons to operate a machine continuously at the perimeter of Jone B
at ratgdd power, this requirement can be‘considered beforehand by the customer to specify the required motor ratings
(i.e. rgted power at rated voltage and-rated frequency or specifying a range of rated voltages) and to have them duly
taken jinto account in the motor design.

Table 4 — Primary functions of machines
Itent Machine type Primary function

1 AC generator, excluding item 5 Rated apparent power (kVA), at rated power factor where this is
separately controllable

2 ACsmaotor, excluding item 3 Rated torque (Nm)

3 Synchronous motor Rated torque (Nm), the excitation maintaining either rated fleld
current or rated power factor, where this is separately
controllable

4 Synchronous compensator, excluding | Rated reactive power (kVA) within the zone applicable to a

item 5 generator, see Figure 11, unless otherwise agreed
5 Synchronous generator driven by See IEC 60034-3

steam turbines or combustion gas

turbines and synchronous

compensators with rated output >10

MVA

6 DC generator Rated output (kW)

7 DC motor Rated torque (Nm), the excitation of a shunt motor maintaining
rated speed, where this is separately controllable
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0,90
IEC
Key
X ax|s frequency p.u.
Y ax|s Voltage p.u.
1 Zone A
2 Zone B (outside zone A) Aglin %
IEC
3 rating point
Fiqure 11 — Voltage and frequency limits Figure 12 — Worst case increase in
for motors and for generators except temperature rise (A6) and recommended
generators or;synchronous reduction of output power (AP) of motprs
compensators within the scope of as a function of the combined change of
IEG 60034-3 and hydro generators within voltage and frequency |AQ| (indicatiye
the sCope of IEC 60034-33 guideline to users of motors and
generators only)

7.5 Three-phase AC machines operating on unearthed systems

Three-phase AC machines shall be suitable for continuous operation with the neutral at or near
earth potential. They shall also be suitable for operation on unearthed systems with one line at
earth potential for infrequent periods of short duration, for example as required for normal fault
clearance. If it is intended to run the machine continuously or for prolonged periods in this
condition, a machine with a level of insulation suitable for this condition will be required.

If the winding does not have the same insulation at the line and neutral ends, this shall be stated
by the manufacturer.
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The earthing or interconnection of the machine's neutral points should not be undertaken
without consulting the machine manufacturer because of the danger of zero-sequence
components of currents of all frequencies under some operating conditions and the risk of
mechanical damage to the windings under line-to-neutral fault conditions.

7.6

Voltage (peak and gradient) withstand levels

For AC machines, the manufacturer shall declare a limiting value for the peak voltage and for
the voltage gradient in continuous operation, if required by the customer.

For machines used in power drive systems (PDS), see also IEC TS 60034-25.

For n
the ¢

For A

For

alum
bare
insul
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8.1

A the
in m4g

It is

thermal endurance testing according te the appropriate part of IEC 60034-18.

NOTE|
mater|

NOTE|
servic

8.2

The 1

hachines with a specified Impulse Voltage Insulation Class IVIC, see IEC 60034-18-
pse of machines designed to operate without partial discharges.

C machines with rated voltage Uy > 1 kV, see also IEC 60034-15.

creepage and clearance distances of bare live conductive materials like copp
nium, e.g. in the terminal area, see IEC 60664-1. Enamelled wires are not consider
live materials. For the evaluation of winding insulation systems (base and func
btion), see 9.2.

[hermal performance and tests

Thermal class

rmal class in accordance with IEC 60085 shall be assigned to the insulation systems
chines.

he responsibility of the manufactuter of the machine to interpret the results obtaing

1 The thermal class of a new jnsulation system is not directly related to the thermal capability of the ind
als used in it.

2 The continued use of an.existing insulation system is acceptable where it has been proved by satisf]
P experience.

Reference coolant

eference Coolant for a given method of cooling the machine is specified in Table 5.

41 in
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pctory



https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 60034-1:2022 © IEC 2022 - 43 -

Table 5 — Reference coolant (see also Table 11)

Item Primary Method of Secondary Table Table referred to in Reference coolant
coolant cooling coolant number column 5 specifies
limits of:
1 Air Indirect None 8 Temperature rise Ambient air
2 Air Indirect Air 8 Reference temperature:
40 °C
3 Air Indirect Water 8 Reference temperature of
- primary coolant at inlet to
4 Hydrogen Indirect Water 9 machine: 40 °C
Reference temperatyre of
ambient water: 25-(
5 Air Direct None 13 Temperature Ambient air
6 Air Direct Air 13 Reference témperatyre:
40 °C
7 Air Direct Water 13 Gas, at entry to machjine
- or’liquid at entry to the
8 Hydrogen Direct Water 13 windings
or liquid
Reference temperatdre:
40 °C
A machine with indirect cooled windings and a water cooled_heat exchanger may be rated using

eithef the primary or secondary coolant as the referencelcoolant (see also 10.2 for inform|
to be| given on the rating plate). A submersible machine‘with surface cooling or a maching
watef jacket cooling should be rated using the secondary coolant as reference coolant.

If a
prim

rird coolant is used, temperature rise.shall be measured above the temperature g
ry or secondary coolant as specified in~Table 5.

NOTE| A machine may be so arranged and coeled that more than one item of Table 5 applies, in which case di
referehce coolants may apply for different windings.

8.3

Conditions for thermal tests

8.3.1 Electrical supply

Duri

ng thermal testing of an AC machine the HVF of the supply shall not exceed 0,015

the negative-sequence component of the system of voltages shall be less than 0,5 % g
positlve-sequence\component, the influence of the zero-sequence component being elimin

Duri

ng thermat'tests done at full load of machines with a rated voltage up to 1000 V, the ave

supply frequency shall be within £0,1 % of the rated frequency, the average supply volf

shal
pow

[lbewithin £0,5 % of the rated voltage and the average load shall not be less than the

ation
with

f the

ferent

and
f the
ated.

rage
ages
rated

£ 4l 4+ 4 1o : ol 4ol
HTUrT uic tcot Uity CUTNMUuUTicTu.

NOTE For machines with a rated voltage above 1 000 V, the thermal test can be made without the restrictions in
voltage and frequency accuracy due to equipment limitations.

By agreement, the negative-sequence component of the system of currents may be measured
instead of the negative-sequence component of the system of voltages. The negative-sequence
component of the system of currents shall not exceed 2,5 % of the positive-sequence

com

ponent.

8.3.2 Temperature of machine before test

If the temperature of a winding is to be determined from the increase of resistance, the initial
winding temperature shall not differ from the coolant by more than 2 K.
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When a machine is to be tested on a short-time rating (duty type S2) its temperature at the
beginning of the thermal test shall be within 5 K of the temperature of the coolant.

8.3.3 Temperature of coolant

A machine may be tested at any convenient value of coolant temperature. See Table 12 (for
indirect cooled windings) or Table 15 (for direct cooled windings).

8.3.4 Measurement of coolant temperature during test

8.3.4.1 General

The yalue to be adopted for the temperature of a coolant during a test shall be the mean\af the
readings of the temperature detectors taken at equal intervals of time during the last)quarter of
the duration of the test. To reduce errors due to the time lag of the change of temperatyre of
largel machines following variations in the temperature of the coolant, all reasonable precadtions
shall[be taken to minimize such variations.

8.3.4.2 Closed machines without heat exchangers (cooled by surrounding ambielnt
air or gas)

The femperature of the ambient air or gas shall be measured py, means of several detectors
placgd at different points around and halfway up the machine™at 1 m to 2 m from it. Each
detegtor shall be protected from radiant heat and draughts.

8.3.4.3 Open machines and machines cooled by air or gas from a remote source
through ventilation ducts and machines with separately mounted heat
exchangers

The femperature of the primary coolant shall b&’ measured where it enters the machine.

8.3.44 Closed machines with machine-mounted or internal heat exchangers

The femperature of the primary ceélant shall be measured where it enters the machine] The
tempgrature of the secondary codlant shall be measured where it enters the heat exchanger.

8.4 | Temperature rise of a’part of a machine

The {emperature rise (A0, of a part of a machine is the difference between the temperatre of
that part measured by the appropriate method in accordance with 8.5, and the temperatyre of
the cpolant measured in accordance with 8.3.4.

For qomparisen with the limits of temperature rise (see Table 8 or Table 9) or of temperpture
(see|Table13), when possible, the temperature shall be measured immediately befor¢ the
maclline’is shut down at the end of the thermal test, as described in 8.7.

When this is not possible, for example, when using the direct measurement of resistance
method, see 8.6.2.3.

For machines tested on actual periodic duty (duty types S3 to S8) the temperature at the end
of the test shall be taken as that at the middle of the rise period causing the greatest heating in
the last cycle of operation (but see also 8.7.3).
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8.5
8.5.1

Methods of measurement of temperature

General

Three methods of measuring the temperature of windings and other parts are recognized:

— resistance method;

— embedded temperature detector (ETD) method,;

— thermometer method.

Different methods shall not be used as a check upon one another.

For i

8.5.2

The
wind

8.5.3
The

ndirect testing, see IEC 60034-29.

Resistance method
femperature of the windings is determined from the increase of the're€sistance of the
ngs.

Embedded temperature detector (ETD) method
temperature is determined by means of temperature./ detectors (e.g. resisfance

thermpometers, thermocouples or semi-conductor negative coefficient detectors) built int

mach

ine during construction, at points which are inaccessible after the machine is complsg

8.5.4 Thermometer method

The

comg
embsg
placq
used

8.6
8.6.1

temperature is determined by thermometers applied to accessible surfaces o
leted machine. The term 'thermometer' includes not only bulb-thermometers, but also
dded thermocouples and resistance thermometers. When bulb-thermometers are us
s where there is a strong varying or.moving magnetic field, alcohol thermometers sh
in preference to mercury thermometers.

Determination of winding temperature

Choice of method

b the
ted.

the
non-
din
Il be

In geperal, for measuring\the temperature of the windings of a machine, the resistance mg¢thod

in ac

For A
ETD

NOTE|
a rate

cordance with 8.5.2 'shall be applied (but see also 8.6.2.3.3).

C stator windings of machines having a rated output of 5 000 kW (or kVA) or mor
methodshall be used.

If-agreed between manufacturer and customer, the resistance method may be used also for machines
i «output of 5 000 kW (or kVA).

e the

aving

For AC stator windings of machines having a rated output less than 5 000 kW (or kVA) but
greater than 200 kW (or kVA), the manufacturer shall choose either the resistance or the ETD
method, unless otherwise agreed.

For AC stator windings of machines having a rated output less than or equal to 200 kW (or kVA)
the manufacturer shall choose the direct measurement version or the superposition version of
the resistance method (see 8.6.2.1), unless otherwise agreed (but see also below).

For machines having a rated output less than or equal to 600 W (or VA), when the windings are
non-uniform or severe complications are involved in making the necessary connections, the
temperature may be determined by means of thermometers. Temperature rise limits in
accordance with Table 8, item 1d) for resistance method shall apply.
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The thermometer method is recognized in the following cases:

a)

b)
c)

2022

when it is not practicable to determine the temperature rise by the resistance method as,
for example, with low-resistance commutating coils and compensating windings and, in
general, in the case of low-resistance windings, especially when the resistance of joints and

connections forms a considerable proportion of the total resistance;
single layer windings, rotating or stationary;
during routine tests on machines manufactured in large numbers.

For AC stator windings having only one coil-side per slot, the ETD method shall not be used for
verifying compliance with this document: the resistance method shall be used.

For

of th

{hecking the temperature of such windings in service, an embedded detector at the bq
slot is of little value because it gives mainly the temperature of the iron core."A det

placgd between the coil and the wedge will follow the temperature of the windingZ/much
closdly and is, therefore, better for checks in service. Because the temperature there m
rathgr low, the relation between it and the temperature measured by the.resistance m
shou|d be determined by a thermal test.

For
not

For

gdther windings having one coil-side per slot and for end windings) the ETD method
ble used for verifying compliance with this document.

windings of armatures having commutators and for fieldwindings, the resistance meth

recognized. For stationary field windings of DC machines having more than one layer the
methpd may be used.

8.6.2 Determination by resistance method

8.6.2.1 Measurement

One pf the following versions of the method shall be used:

8.6.

rect measurement at the beginning and the end of the test, using an instrument hay
Litable range;

easurement by DC current/voltage in DC windings, by measuring the current in an
bltage across the windings using instruments having suitable ranges;

inding when de-energized;

easurement by-.DC current/voltage in AC windings, by superposing small amount g

d
s
m
v
measurement by DCtcurrent/voltage in AC windings, by injecting direct current int
W
m
ctrrent into the ' winding, when energized.

2.2 Calculation

ttom
ector
more
y be
thod

shall

odis
ETD

ing a
1 the
b the

f DC

The llemperature rise, 6, — 6,, may be obtained from the formula:

92 +k_R2
91+k R1

where

6, is the temperature (°C) of the winding (cold) at the moment of the initial resistance

measurement;

is the temperature (°C) of the winding at the end of the thermal test;
is the temperature (°C) of the coolant at the end of the thermal test;
is the resistance of the winding at temperature 6, (cold);

is the resistance of the winding at the end of the thermal test;
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k is the reciprocal of the temperature coefficient of resistance at 0 °C of the conductor
material.

F
F

or copper k = 235.
or aluminium & = 225, unless specified otherwise.

For practical purposes, the following alternative formula may be found convenient:

8.6.2,

8.6.2,

The
resis
numl

8.6.2,

If the
readi

8.6.2,

If a r¢sistance reading cannot be made in the time interval specified in Table 6, it shall be

as sdg
readi
distin
funct

Ry — R
Oy -0y =21 (k+6,)+6, -0,
Ry
3 Correction for stopping time
3.1 General
measurement of temperatures at the end of the thermal test by the direct measure

ance method requires a quick shutdown. A carefully planned procedure-and an adeq
er of people are required.

3.2 Short stopping time

initial resistance reading is obtained within the time inierval specified in Table 6
ng shall be accepted for the temperature measurement.

Table 6 — Time interval

Rated output (P,) Time\interval after switching off power
kW or kVA s
Py <50 30
50 < P, <200 90
200 < P, =5.000 120
5000 < Py By agreement

3.3 Extended\stopping time

ment
uate

that

of th

ade

on as possible but not after more than twice the interval specified in Table 6, and addifional
ngs shall be taken at intervals of approximately 1 min until these readings have beqgun a
ct deetine from their maximum value. A curve of these readings shall be plotted|as a
o oftime and extrapolated to the appropriate time interval of Table 6 for the rated output
e ‘machine. A semi-logarithmic plot is recommended where temperature or resistance is

plotted on the logarithmic scale. The value of temperature thus obtained shall be considered as
the temperature at shutdown. If successive measurements show increasing temperatures after
shutdown the highest value shall be taken.

If a resistance reading cannot be made until after twice the time interval specified in Table 6,
this method of correction shall only be used by agreement.

8.6.2

3.4 Windings with one coil-side per slot

For machines with one coil-side per slot, the resistance method by direct measurement may be
used if the machine comes to rest within the time interval specified in Table 6. If the machine
takes more than 90 s to come to rest after switching off the power, the superposition method

(see

8.6.2.1) may be used if previously agreed.
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8.6.3 Determination by ETD method
8.6.3.1 General

The detectors shall be suitably distributed throughout the winding and the number of detectors
installed shall be not less than six.

All reasonable efforts, consistent with safety, shall be made to place the detectors at the points
where the highest temperatures are likely to occur, in such a manner that they are effectively
protected against contact with the primary coolant.

The iighest reading from the ETD elements shall be used to determine the temperature_gf the
winding.

ETD |elements or their connections may fail and give incorrect readings. Therefore, if one or
more| readings are shown to be erratic, after investigation they should be eliminated.

8.6.3.2 Two or more coil-sides per slot

The ¢etectors shall be located between the insulated coil-sides withir’ the slot in positions at
which the highest temperatures are likely to occur.

8.6.3,.3 One coil-side per slot

The dletectors shall be located between the wedge andthe outside of the winding insulation in
positlons at which the highest temperatures are likely,to’occur, but see also 8.6.1.

8.6.314 End windings

The femperature detectors shall be located\between two adjacent coil-sides within thg end
windings in positions where the highest temperatures are likely to occur. The sensing pojnt of
each| detector shall be in close contagt with the surface of a coil-side and be adeqguyately
protected against the influence of the coolant, but see also 8.6.1.

be taken that the stress grading of the insulation is not compromised and that the differenfce of
potential along the winding overhang does not cause problems. In addition, the ground qf the
meaguring system is thus directly capacitive coupled to the HV-system. Disconnection qf the
meagurement ground\will in this case immediately lead to over voltages on the measpring
systgm. Measures have to be taken to prevent consequential damage up to lethal injuries

Whe}< placing a temperature detector in the end windings of high voltage machines, care|shall

NOTE| If the staterwinding is a direct liquid cooled bar type, a temperature detector installed in the nozzle drea of
each har monitering water outlet temperature can give an indication of conductor strand cooling passage blocking.

8.6.41 Determination by thermometer method

All reasonable efforts, consistent with safety, shall be made to place thermometers at the point,
or points where the highest temperatures are likely to occur (e.g. in the end windings close to
the core iron) in such a manner that they are effectively protected against contact with the
primary coolant and are in good thermal contact with the winding or other part of the machine.

The highest reading from any thermometer shall be taken to be the temperature of the winding
or other part of the machine.

8.7 Duration of thermal tests
8.71 Rating for continuous running duty

The test shall be continued until thermal equilibrium has been reached.
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8.7.2 Rating for short-time duty

The duration of the test shall be the time given in the rating.

8.7.3 Rating for periodic duty

Normally the rating for equivalent loading assigned by the manufacturer (see 5.2.6) shall be
applied until thermal equilibrium has been reached. If a test on the actual duty is agreed, the
load cycle specified shall be applied and continued until practically identical temperature cycles
are obtained. The criterion for this shall be that a straight line between the corresponding points
of successive duty cycles on a temperature plot has a gradient of less than 1 K per half hour. If
necepsary—eastremenis—shal—be—taken—at—+reasenable—irtervrals—ever—a—period—eft time

(see [3.25).

8.7.4 Ratings for non-periodic duty and for duty with discrete constant loads

The rfating for equivalent loading assigned by the manufacturer (see 5.2.6) shall’be applied until
thermal equilibrium has been reached.

8.8 | Determination of the thermal equivalent time constant for-machines of
duty type S9

The thermal equivalent time constant with ventilation as in normaloperating conditions, suitable
for approximate determination of the temperature course, can*be determined from the cdoling
curvg plotted in the same manner as in 8.6.2.3. The value’/of the time constant is 1,44 {imes
(thatlis to say, 1/In(2) times) the time taken by the machine to cool to one-half of the fullfload
tempgrature rise, after its disconnection from the supply.

8.9 | Measurement of bearing temperature

Eithgr the thermometer method or the ETD, method may be used.

The measuring point shall be as near'as possible to one of the two locations specified in
Tablg 7.

Table 7 — Measuring points

Type of bearing Measuring point Location of measuring point
Hall or roller A In the bearing housing preferably in contact with the outer ring|of
the bearing, but not more than 10 mm? from it°
B Outer surface of the bearing housing as close as possible to the
outer ring of the bearing
Slgeve or tilting A In the pressure zone of the bearing shell® and not more than

pad 10 mma from the oil-film gap®.

......

B Elcawhara in tha haoarina chall
=4 =rSEWReTt DeaHRg-5ren

2 The distance is measured to the nearest point of the ETD or thermometer bulb.

In the case of an ‘inside out’ machine, point A will be in the stationary part not more than 10 mm from the
inner ring and point B on the outer surface of the stationary part as close as possible to the inner ring.

¢ The bearing shell is the part supporting the bearing material and which is secured in the housing. The pressure
zone is the portion of the circumference which supports the combination of rotor weight and radial loads.

The thermal resistance between the temperature detector and the object whose temperature is
to be measured shall be minimized; for example, air gaps shall be packed with thermally
conducting paste.
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NOTE Between the measuring points A and B, as well as between these points and the hottest point of the bearing,
there are temperature differences which depend, among other things, on the bearing size. For sleeve bearings with
pressed-in bushings and for ball and roller bearings with an inside diameter of up to 150 mm, the temperature
difference between points A and B may be assumed to be negligible. In the case of larger bearings, the temperature
difference between measuring points A and B is approximately 15 K.

8.10 Limits of temperature and of temperature rise
8.10.1 General

Limits are given for operation under site operating conditions specified in Clause 6 and at rating
for continuous running duty (reference conditions), followed by rules for the adjustment of those
limits_ when operating at site under other conditions and on other ratings. Further rules give
adjudtments to the limits during thermal testing when conditions at the test site differ from fhose
at the operating site.

It is junderstood that the temperature of the hottest point of each winding under referlence
condjtions, i.e. the rated conditions, generally does not exceed the agreed)thermal flass
tempgrature of the insulation system.

The limits are stated relative to the reference coolant specified in Table-5.
A rulg is given to allow for the purity of hydrogen coolant.

8.10.2 Indirect cooled windings

Temperature rises under reference conditions shall not)éxceed the limits given in Table 8 (air
coolgnt) or Table 9 (hydrogen coolant) as appropriate{for both, ETD and R method if applicable.

NOTE| The measured temperature differences between-method ETD and method R may be significantly higher or
lower fhan the temperature limits specified in Table 8-«orTable 9, depending on the machine design and the dooling
system. It is not intended to compare ETD and R method against each other.

For dther operating site conditions, for ratings other than continuous running duty, and for rated
voltapes greater than 12 000 V, the-limits shall be adjusted according to Table 10. (Seeg| also
Tabl¢ 11 for limit on coolant temperature which is assumed in Table 10.)

In thé case of thermometer(readings made in accordance with 8.6.1, the limit of temperpture
rise ghall be according to. Table 8.

If, for windings indirectly cooled by air, conditions at the test site differ from those 4t the
operating site, thevadjusted limits given in Table 12 shall apply at the test site.

If thg adjusted/limits given in Table 12 lead to permissible temperatures at the test site which
the rmanufacturer considers to be excessive, the testing procedure and the limits shall be

agrer.

If temperature rise is to be measured above the temperature of the water where it enters the
cooler, the effect of altitude on the temperature difference between air and water should strictly
be allowed for. However, for most cooler designs, the effect will be small, the difference
increasing with increasing altitude at the rate of roughly 2 K per 1 000 m. If an adjustment is
necessary, it should be by agreement.

No adjustments at the test site are given for windings indirectly cooled by hydrogen, because it
is very unlikely that they will be tested at rated load anywhere other than at the operating site.
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Table 9 — Limits of temperature rise of windings indirectly cooled by hydrogen

Thermal class 130 (B) 155 (F)
Method of measurement Resistance | ETD | Resistance | ETD
ETD = Embedded temperature detector K K K K

Item

1 AC windings of machines having outputs of 5 000 kW (or kVA)
or more or having a core length of 1 m or more

Absolute hydrogen pressure ° < 150 kPa (1,5 bar) - 852 - 1052
> 150 kPa < 200 kPa (2,0 bar) - 802 - 002
> 200 kPa < 300 kPa (3,0 bar) - 782 - P8 @
> 300 kPa < 400 kPa (4,0 bar) - 732 S p3 @
> 400 kPa - 702 - Do @
2a | |AC windings of machines having outputs of less than 80 g5 a 100 1102
5 000 kW (or kVA), or having a core length of less than 1 m
2b | | DC field windings of AC and DC machines other than those in 80 ~ 105 -
items 3 and 4
3 DC field windings of machines having cylindrical rotors 85 - 105 -
4a | | Low-resistance field windings of more than one layer and 80 - 100 -
compensating windings
4b | | Single-layer windings with exposed bare or varnished metal 90 - 110 -
surfaces °

For adjustment for high-voltage AC windings, see item 4 of.Table 10.
This is the only item where the limit of temperature rise‘is dependent on hydrogen pressure.

Also includes multi-layer field windings provided*that the under layers are each in contact with the circulating
pifimary coolant.
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Table 10 — Adjustments to limits of temperature rise at the operating site of indirect
cooled windings to take account of non-reference operating conditions and ratings

Item

Operation conditions or
rating

Adjustment to limit of
temperature rise (A6) in
Table 8 and Table 9

Item

1a

Maximum temperature of
ambient air or of the
cooling gas at inlet to the
machine (6,) and for

altitudes of up to
1 000 m.

0°C=<¢,<40°C

Increased by the amount by which the coolant
temperature is less than 40 °C.

If the difference between
the thermal class and the
observable limit of
temperature, consisting
of the sum of the
reference cold coolant
inlet temperature of

40 °C and the limit of
temperature rise
according to Table 8 and
Table 9 is less or equal
to 5 K:

For a higher altitude
replace 40 °C with the
value given in Table 11.

1b

1c

1d

Maximum temperature of
ambient air or of the

cooling gas at the inlet to
the machine (6,) and for

altitudes of up to
1 000 m.

If the difference between
the thermal class and the
observable limit of the
temperature, consisting
of the sum of the
reference cold coolant
inlet temperature of

40 °C and the limit of
temperature rise
according to Table 8,and
Table 9 is larger than

5 K:

For a higher,altitude
replace 40:2C*with the
value given-in Table 11.

40°C<6,<60°C

9,<0°Corg,>60°C

The limit of temperature rise A6 for cold ga
temperature ¢, shall be

where

AG

ref

ThCI

Cref

Reduced by the amount by which the coola
temperature exceeds 40 °C

By agreement

DO = DOt _bmci—0c
hcl — Oc.ref

is the limit of temperature rise acco
to Table 8 or Table 9 at 40 °C;

is the temperature of the thermal clg
(for example 130 °C or 155 °C);

is the reference cold coolant
temperature (40 °C).

'

ding

SS

nt
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Item | Operation conditions or Adjustment to limit of Item
rating temperature rise (A6) in
Table 8 and Table 9
2 Maximum temperature of 5°C=¢g,s25°C Increased by 15 K and by the difference
the water at the inlet to between 25 °C and 6,
water-cooled heat
exchangers or maximum 6,>25°C Increased by 15 K and reduced by the
temperature of the difference between ¢, and 25 °C
ambient water for
submersible machines
with surface cooling or
machines with water
jacket cooling (6,)
3a Altitude (H) — general 1000m<H<4000m No adjustment. It shall be assumed that-thg
rule and maximum ambient reduced cooling resulting from altitude.is
air temperature not compensated by a reduction of maxi;mum
specified ambient temperature below 40 2C jand that the
total temperature will therefore _not exceed
40 °C plus the Table 8 and(Table 9 temperature
rises @
H>4000m By agreement
3b Altitude (H) — power plant according specification The capability of-pewer plant generators should
generator specific of the purchaser be adjusted and-is’a function of the altitudq (air
pressure). No adjustment of the capability is
needed for,power plant generators if the
absolutéscootlant pressure is maintained
constant regardless of the altitude.
4 Rated stator winding 12 kV < Uy =24 kV ABdor embedded temperature detectors (ETD)
voltage (Uy) shall be reduced by 1 K for each 1 kV (or part
thereof) from 12 kV up to and including 24 kV
Uy > 24 kV By agreement
50 Rating for short-time duty (S2), with rated outptt less | Increased by 10 K
than 5 000 kW (kVA)
6P Rating for non-periodic duty (S9) AfO may be exceeded for short periods during
the operation of the machine
7b Rating for duty with discrete loads:(S10) A may be exceeded for discrete periods
during the operation of the machine
a8 Assuming the decrease in ambient temperature is 1 % of the limiting rises for every 100 m of altitude apove
1| 000 m, the maximum ambient air temperature at the operating site can be as shown in Table 11.
b Hor air-cooled windings.only.
Table 11 — Assumed maximum ambient temperature
Thermal class
Altitude 130 (B) 155 (F) 180 (H) 200 (N)
v Temperature
°C
1000 40 40 40 40
2 000 32 30 28 26
3 000 24 19 15 12
4 000 16 9 3 0

8.10.3 Direct cooled windings

Temperatures under reference conditions shall not exceed the limits given in Table 13.

For other operating site conditions the limits shall be adjusted according to Table 14.
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If conditions at the test site differ from those at the operating site, the adjusted limits given in
Table 15 shall apply at the test site.

If the adjusted limits given in Table 15 lead to temperatures at the test site which the
manufacturer considers to be excessive, the testing procedure and the limits shall be agreed.

8.10.4 Adjustments to take account of hydrogen purity on test

For windings directly or indirectly cooled by hydrogen, no adjustment shall be made to limits of
temperature rise or of total temperature if the proportion of hydrogen in the coolant is between
95 % and 100 %.

8.10.5 Permanently short-circuited windings, magnetic cores and all structural
components (other than bearings) whether or not in contact with insulation

The {emperature rise or the temperature shall not be detrimental to the insulation of that part
or to|any other part adjacent to it.

8.10.6 Commutators and sliprings, open or enclosed and their brushes and brushaTear

The femperature rise or temperature of any commutator, slipring, bfush or brushgear sha]l not

be de¢trimental to the insulation of that part or any adjacent papt!

The femperature rise or temperature of a commutator or slipring shall not exceed that at which
the cpmbination of brush grade and commutator or slipring material can handle the currenfover
the full operating range.

Table 12 — Adjusted limits of temperature rise at the test site (A6y)

for windings indirectly cooled by air to take account of
test site operating conditions

Item Test condition Adjusted limit at test site A4

1 Temperature difference of Absolute value of AOr = AO
reference coolant at test site
(6,-6,7)s30K

(6,7) and operating site (¢;)

Absolute value of By agreement

(6,- 6.4)>30K

2 Difference oftaltitudes of test 1000m<H<4000m H —-1000m
site (H;) and operating site (H) NG+ = AO|1—-——
Hy <1000m ! 10 000 m
H<1000m H- —1000m
B T
1000m<Hys4000m | A0 =80 Tr—
1000m<H<4000m
_ T
1000m<H, s4000m | A0 =40 om o

H>4000mor H;>4000m |By agreement

NOTE A#@is given in Table 8 and adjusted if necessary in accordance with Table 10.
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Table 13 — Limits of temperature of directly cooled windings and their coolants

Thermal class 130 (B) 155 (F)
Method of measurement Thermo- | Resistance | ETD [Thermo-| Resistance | ETD
meter meter
°C °C °C °C °C °C
Item Part of the machine
1 |Coolant at the outlet of direct-cooled
AC windings. These temperatures are
preferred to the values given in item 2
as the basis of rating.
1a) TGastairhydrogem et et +16 = = 136 = -
1b) | |Liquid (water, oil, etc.) 90 - - 90 - -
2 | [AC windings ]
2a)| |Gas cooled - } - 1202 - 1 458
2b) | |Liquid or evaporative cooled I
3 | |Field windings of turbine type
machines
3a)| |Cooled by gas leaving the rotor
through the following number of outlet
regions ®
1and 2 - 100 £ - 115 -
3and 4 - 105 e - 120 -
5and 6 - 110 - - 125 -
7 to 14 - 115 - - 130 -
above 14 - 120 - - 135 -
3b) | | Liquid or evaporative cooled Observance «0f the maximum coolant temperature given in
item 1b) will ensure that the hotspot temperature of the windipg
is not excessive
4 Field windings of AC and DC
machines having DC excitation other
than in item 3.
4a) | | Gas cooled - 130 - - 150 -
4b) | [Liquid or evaporative cooled Observance of the maximum coolant temperature given in
item 1b) will ensure that the hotspot temperature of the windipg is
not excessive
Np adjustment in the case of high-voltage AC windings is applicable to these items, see Table 14, item 2
The rotor ventilation is classified by the number of radial outlet regions on the total length of the rotor. Special
olitlet regions for the goglant of the end windings are included as one outlet for each end. The common putlet
rggion of two axiallyopposed flows is to be counted as two regions.

Tiable 14 <Adjustments to limits of temperature at the operating site for windings
directly cooled by air or hydrogen to take account of non-reference
operating conditions and ratings
Ite Opprafing caondition or rafing Adjuqupnf to limit of temperature in Table 13
1 Temperature 6, of 0°C=¢,<40°C Reduction by the amount of the difference between
reference coolant 40 °C and ¢_. However, by agreement, a smaller

reduction may be applied, provided that for 6, < 10 °C
the reduction is made at least equal to the difference
between 10 °C and 4.
40°C<6,<60°C No adjustment
6.<0°Corg >60°C |Byagreement
2 Rated stator winding No adjustment

voltage (Uy)

Uy > 11kV

the winding.

The heat flow is mainly towards the coolant inside the
conductors and not through the main insulation of



https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

IEC 60034-1:2022 © IEC 2022

- 57—

Table 15 — Adjusted limits of temperature at the test site &; for windings
directly cooled by air to take account of test site operating conditions

Item Test condition

Adjusted limit of temperature
at test site 6

1 Difference of reference
coolant temperatures of
test site (6,;) and

operating site (6,)

Absolute value of

(6, - 6,7) <30 K

c

Absolute value of

(6,- 6.4)>30K

C

By agreement

2 Difference of altitudes
of test site (H;) and

operating site (H)

1000 m < H< 4000 m
Hy <1000 m

0r =(0-0,)1 H-1000m
T ° 10000 m <

H<1000m
1000m < H;=<4000m

10 000.m

Hy —1006m
0r =(0-0, | 1+ ——= |+ 0,

1000m <H<4000m
1000 m < H; <4000 m

H —
0; =(9—96{1+ T

S i
10000mj °r

H>4000mor H>4000m

By agreement

NOTE

@is given in Table 13 and adjusted if necessary in accordancewith Table 14.

9 Other performance and tests

9.1 Routine tests

Rout|ne tests are always factory tests.They shall be performed on all machines whic

hn are

assenbled at the factory of the manufacturer. The machines need not be completely assempled.

They|can lack components which are not significant for the testing. Routine tests do not

the npachines to be coupled except for the open-circuit test on synchronous machines.

need

The inimum test schedule is listed in Table 16 and is applicable for machines with rated output
< 20[MW (MVA) that are.assembled and tested in the factory. Additional routine tests may be
perfdrmed especially'on machines with ratings above 200 kW (kVA). The term synchrgnous
machines includes brushless permanent magnet machines.

For DC machines, depending on size and design, a commutation test under load mdy be

perfgrmed-as.a routine test.
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Table 16 — Minimum routine tests for machines assembled
and tested in the factory of the manufacturer

Item Test Induction Electrically Synchronous | DC machines
machines excited reluctance with separate
(including synchronous machines and or shunt
synchronous machines PM excited excitation
induction synchronous
machines) 2 machines
1 Resistance of windings (cold) Yes Yes Yes Yes
2 No-load losses and current ¢ Yes - Yes -
34 No-load losses at unity power — Yes © — -
factor ©
34 No-load excitation current at - Yes © - -
rated voltage by open-circuit
test ©
4 Excitation current at rated - - - Yes|
speed and rated armature
voltage
5 Open circuit secondary Yes - - -
induced voltage at standstill
(wound rotor)?
6 Direction of rotation (motors) Yes Yes Yes Yes|
or phase sequence
(generators)
7 Withstand voltage test Yes Yes Yes Yes|
according to 9.2
a8 |HC 60050-411:1996, 411-33-04.
b Fér safety considerations this test may be performed’at reduced voltage.
¢ Oply one of the tests 3a or 3b is required.
4 Np stabilization of temperature required fot«Méasurement of no-load losses.
9.2 | Withstand voltage test
A tedt voltage, as specified, below, shall be applied between the windings under test angd the

fram¢ of the machine, with the core and the windings not under test connected to the frame. It
shalllbe applied only-to_a new and completed machine with all its parts in place under conditions
equijalent to normalworking conditions and shall be carried out at the manufacturer's factory
or affer erection.on site. A withstand voltage test shall be carried out after the completion of the
full tg¢st sequence.

For ¢quipment manufactured for stock holding, the withstand voltage test carried oyt for
acceptanCe on completion of manufacture remains valid and shall not be repeated provided the
test voltage is equal to, or greater than, the test voltage given in Table 17 based on the rated
voltage noted on the rating plate.

NOTE 1 For high voltage machines, additional methods as described in the parts of IEC 60034-27 can be used to
prove the suitability of the machine winding insulation system.

Except as stated below, the frequency of the test voltage shall be the power frequency at the
factory of the manufacturer, and the voltage waveform shall be as near as possible to a sine
wave form. The final value of the voltage shall be in accordance with Table 17. However, for
machines with a rated voltage 6 kV or greater, when power frequency equipment is not
available, then by agreement a DC test may be carried out at a voltage 1,7 times the r.m.s.
value given in Table 17.

NOTE 2 It is recognized that, during a DC test, the surface potential distribution along the end winding insulation
and the ageing mechanisms are different from those occurring during an AC test.
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In the case of polyphase machines with rated voltage above 1 kV having both ends of each
phase individually accessible, the test voltage shall be applied between each phase and the
frame, with the core and the other phases and windings not under test connected to the frame.
The test shall be commenced at a voltage not exceeding half of the full test voltage. The voltage
shall then be increased to the full value, steadily or in steps of not more than 5 % of the full
value, the time allowed for the voltage increase from half to full value being not less than 10 s.
The full test voltage shall then be maintained for 1 min in accordance with the value as specified
in Table 17. The voltage test equipment shall be capable of maintaining the test voltage
throughout the test within £5 % of the specified value. There shall be no failure (see IEC 60060-

1) du

ring this period.

Duri
Uy <

in Table 17. In the case applying this for very small sized machines rated up to 1 K\W-(or

with
in T4
exce

The

repeated. If, however, a second test is made at the request of the purchaser, after further d

if corn

To de¢termine the test voltage from Table 17 for DC motors supplied by static power conve

thed

at the¢ input terminals of the static power converter shall\be used, whichever is the greater.

Volta

For v
assig
IECH|
as dd

Com

When a user and a repair contractor have agreed to carry out withstand voltage tests in @

wher
folloy

a) P
tH

b) O
tq

g the routine testing of quantity produced machines up to 200 KWW {of KVA) and rat
1 kV, the 1 min test may be replaced by a test of 1 s at 120 % of the test voltage spe

VIC C or D assigned (item 2b in Table 17), 120 % of the test voltage according to ite
ble 17 (i. e. including the test voltage factor according to Table 18) forIs" may b
5sive. In this case, 100 % of the test voltage specified in Table 17 can be used for 1 §

vithstand voltage test at full voltage made on the windings on_a¢ceptance shall n

sidered necessary, the test voltage shall be 80 % of the voltage specified in Table 1

rect voltage of the motor or the r.m.s. phase-to-phase Value of the rated alternating vo

ariable speed AC machines that are subjected to impulse voltages during operation h
ned an Impulse Voltage Insulation Class (IVIC) according to IEC 60034-18-4
0034-18-42, the test voltage shall. be chosen according to the IVIC of its insulation sy

bletely rewound windings shall be tested at the full test voltage for new machines.

e windings have been partially rewound or in the case of an overhauled maching
ving procedure is.recommended:

artially rewound windings are tested at 75 % of the test voltage for a new machine. B
e test, thedold part of the winding shall be carefully cleaned and dried.

1,/5.1imes the rated voltage, with a minimum of 1 000 V if the rated voltage is equal

fined in IEC 60034-18-41 or IEC-60034-18-42, respectively (see item 2b in Table 17)).

d for
cified
kVA)
m 2b
b too
test.

bt be

rying
7.

rters,
Itage

ge variation according to 7.3 should not be considered when determining the test voltage.

bving
1 or
stem

ases
, the

efore

verhauled machines, after cleaning and drying, are subjected to a test at a voltage ¢qual

to or

g

redter than 100 V and a minimum of 500 V if the rated voltage is less than 100 V.
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Table 17 — Withstand voltage tests

Item Machine or part Test voltage © (r.m.s.)

1 Insulated windings of rotating machines of rated | 500 V + twice the rated voltage
output less than 1 kW (or kVA) and of rated
voltage less than 100 V with the exception of
those in items 4 to 8

2 Insulated windings of rotating machines of rated
output less than 10 000 kW (or kVA) with the
exception of those in item 1 and items 4 to 8 °

2a) |for sinusoidal supply or for frequency converter |1 000 V + twice the rated voltage with a minimum of

suppty withrthreexceptiomof those-miterm 2t 500V

2b)| | with an IVIC assigned according to 1 000 V + twice the rated voltage multiplied with the
IEC 60034-18-41 or IEC 60034-18-42, i.e. test voltage factor (TVF) according to Table*38,
subjected to repetitive impulse voltages, such i.e. 1000V + (2 x Uy x TVF)

as those generated by pulse width modulation
(PWM) voltage-source converters |

3 Insulated windings of rotating machines of rated
output 10 000 kW (or kVA) or more with the
exception of those in items 4 to 8 P

Rated voltage 2:

- up to and including 24 000 V 1 000 V + twice the rated voltage
- above 24 000 V Subject to agreement
4 Separately excited field windings of DC 1 000 V #+ twice the maximum rated circuit voltagg with
machines a minimum of 1 500 V
5 Field windings of synchronous generators,
synchronous motors and synchronous
compensators.

5a)| | Rated field voltage:

- up to, and including 500 V, Ten times the rated field voltage with a minimum ¢f
1500V
- above 500 V. 4 000 V + twice the rated field voltage

5b)| | When a machine is intended to be‘started with Ten times the rated field voltage with a minimum ¢f
the field winding short-circujted or connected 1 500 V and a maximum of 3 500 V.
across a resistance of value.less than ten times
the resistance of the winding

5c¢)| | When the machine is intended to be started 1 000 V + twice the maximum value of the r.m.s.
either with the field"winding connected across a | voltage, which can occur under the specified start|ng
resistance of value-equal to, or more than, ten conditions, between the terminals of the field winding,
times the resistance of the winding, or with the or in the case of a sectionalized field winding between
field windings,on open circuit with or without a the terminals of any section, with a minimum of
field-dividing switch 1500V¢°

6 Secendary (usually rotor) windings of induction
machines or synchronous induction motors if not
permanently short-circuited (e.g. if intended for
theostatic starting)

6a) | For non-reversing motors or motors reversible 1 000 V + twice the open-circuit standstill voltage as

from standstill only measured between slip-rings or secondary terminals
with rated voltage applied to the primary windings

6b) | For motors to be reversed or braked by 1 000 V + four times the open-circuit standstill
reversing the primary supply while the motor is | secondary voltage as defined in item 6a)
running

7 Exciters (except as below) As for the windings to which they are connected

Exception 1: exciters of synchronous motors 1 000 V + twice the rated exciter voltage, with a
(including synchronous induction motors) if minimum of 1 500 V

connected to earth or disconnected from the
field windings during starting

Exception 2: separately excited field windings of
exciters (see item 4)
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Item Machine or part Test voltage © (r.m.s.)
8 Electrically interconnected machines and A repetition of the tests in items 1 to 7 above should
apparatus be avoided if possible, but if a test is performed on a

group of machines and apparatus, each having
previously passed its withstand voltage test, the test
voltage to be applied to such an electrically connected
arrangement shall be 80 % of the lowest test voltage
appropriate for any individual piece of the
arrangement ¢

9 Devices that are in physical contact with 1500V

windings, for example, temperature detectors,
shall be tested to the machine frame.

During the withstand voltage test on the
machine winding, all devices in physical contact
with the winding shall be connected to the
machine frame.

10 For devices used on extra-low voltage circuits
with protective-separation, which are not used
in explosive atmospheres, it is sufficient to
connect them to the frame when performing the
tests according to the previous items.

no test required

n

pr two-phase windings having one terminal in common, the voltage in the fofmula shall be the highest
Itage arising between any two terminals during operation.

<

Withstand tests on machines having graded insulation should be the subject of agreement.

—

he voltage occurring between the terminals of the field windings, or sections thereof, under the spe
sfarting conditions, may be measured at any convenient reduced supply voltage, and the voltage so mea
shall be increased in the ratio of the specified starting supply veltage to the test supply voltage.

Fpr windings of one or more machines connected together electrically, the voltage to be considered i
maximum voltage that occurs in relation to earth.

—

he leakage current drawn by the machine during withstand voltage test will vary according to the size
mlachine.

r| case of an IVIC assigned, it is sufficient to test the phase-to-ground insulation only.

.m.s.

cified

ured

s the

f the

Table 18 — Test voltage factors for machines with an assigned Impulse Voltage
Insulation Class (IVIC). according to IEC 60034-18-41 and IEC 60034-18-42

Windings,within the scope of Windings within the scope of
IEC,60034-18-41 IEC 60034-18-42
IVIC phase-to- Test voltage IVIC phase-to- Test voltage
ground factor ground factor
A 1,0 1to 4 1,0
B 1,0 5 1,2
Cc 1,3 6 1,3
D 1.7 7 1.5
N, id g .
2v2 2V2
2 In case of the manufacturer specified Impulse Voltage Insulation Class (IVIC) S,
Y is the maximum allowable peak to peak operating value of the phase-to-ground
voltage in units of the rated voltage U,.
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9.3 Occasional excess current
9.3.1 General

The excess current capability of rotating machines is given for the purpose of co-ordinating
these machines with control and protective devices. Tests to demonstrate these capabilities are
not a requirement of this document. The heating effect in the machine windings varies
approximately as the product of the time and the square of the current. A current in excess of
the rated current will result in increased temperature. Unless otherwise agreed, it can be
assumed that the machine will not be operated at the excess currents specified for more than
a few short periods during the lifetime of the machine. When an AC machine is to be used as
both a generator and a motor, the excess current capability should be the subject of agreement.

NOTE| For the capability of synchronous machines concerning the occasional negative-sequence cemponlent of
current under fault conditions, see 7.2.3.

9.3.2 Generators

AC ggenerators having rated outputs not exceeding 1 200 MVA shall be capable of withstanding
a current equal to 1,5 times the rated current for not less than 30 s.

AC generators having rated outputs above 1 200 MVA shall be capable of withstanding a crrent
equal to 1,5 times the rated current for a period which shall be agreed, but this period shall be
not lgss than 15 s.

9.3.3 Motors (except commutator motors and permanent magnet motors)

Polyphase motors having rated outputs not exceeding.315 kW and rated voltages not exceg¢ding
1 kVshall be capable of withstanding:

— a|current equal to 1,5 times the rated current for not less than 2 min.

NOTE| For polyphase motors having rated outputs-above 315 kW and all single-phase motors, no occasional gxcess
current is specified.

9.3. Commutator machines

A cofnmutator machine shall be\capable of withstanding, for 60 s, 1,5 times rated current under
the appropriate combination‘ef conditions as follows:

a) speed:

-_—

DC motor: highest full-field speed;

N

DC generator: rated speed;

w

AC commutator motor: highest full-field speed;
b) armature voltage: that corresponding to the specified speed.

At " 1 1t : bl TFT £ e Jorliy = ) N e £ P
tel UHUTT STTOUTU DT YIvVTITT TU 1T TITITLS OT CUTTITTUtAa O CapauTity . TTIT TS UT CUTTITTU LAt n Of

a given DC machine are defined in IEC 60034-19.

9.4 Momentary excess torque for motors
9.4.1 Polyphase induction motors and DC motors

Motors, whatever their duty and construction, shall be capable of withstanding an excess torque
of at least 60 % of their rated torque for 15 s without either stalling or exhibiting an abrupt
change of speed (under gradual increase of torque). The voltage and frequency (for induction
motors) shall be maintained at their rated values.

Higher torques are required for some motors manufactured according to IEC 60034-12.

For DC motors, the excess torque shall be expressed in terms of overload current.
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Motors for duty type S9 shall be capable of withstanding momentarily an excess torque
determined according to the duty specified.

For an approximate determination of the change in temperature due to the current-related
losses, the thermal equivalent time constant determined according to 8.8 may be used.

Motors intended for specific applications that require a high torque (for example for hoisting)

shall

be the subject of agreement.

For cage- type mductlon motors speC|aIIy deS|gned to ensure a startmg current of Iess than

6.0 %

In the

exani
conv

9.4.2

Unle
capa
sync

ment.

prters, the value of the excess torque shall be the subject of agreement,

Polyphase synchronous motors

5s otherwise agreed, a polyphase synchronous motor, irrespéective of the duty, sha
ble of withstanding an excess torque as specified below’ for 15 s without falling g
hronism, the excitation being maintained at the value gorresponding to rated load.

case of special types of induction motors with special inherent starting. properties,
ple motors intended for use at variable frequency or induction motors sUpplied from static

for

Il be
ut of
(Vhen

autormnatic excitation is used, the limits of torque shall be the same values with the excitation

equif
- s
- s
- s

9.4.3

The
be th

9.5

Unle
torq
torq

9.6

ment operating under normal conditions:

nchronous (wound rotor) induction motors: 35 % excess torque;
nchronous (cylindrical rotor) motors: 35 % excess torque;
nchronous (salient pole) motors: 50 % excess torque.

Other motors

momentary excess torque and‘'time for single-phase, commutator and other motors
le subject of agreement.

Pull-up torque and-locked-rotor torque for cage induction motors with direct
online starting

e of cage induction motors under full voltage shall be not less than 0,3 times the
e. The locked rotor torque shall also not be less than 0,3 times the rated torque.

Safe/operating speed of cage induction motors

shall

5s otherwise specified (for example machines according to IEC 60034-12), the pull-up

rated

All t

ree-phase-single cpnod cage—induction-motors—of-frame—number Up-t to—and |hr~|||r'||nr

315

pPraoe—omgt

and for voltages up to and including 1 000 V shall be capable of safe continuous operatlon at
speeds up to the appropriate speed given in Table 19 unless otherwise stated on the rating
plate.
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Table 19 — Maximum safe operating speed (min-1) of three-phase
single-speed cage induction motors for voltages up to and including 1 000 V

2022

Frame number 2 pole 4 pole 6 pole
<100 5200 3600 2 400
112 5 200 3600 2 400
132 4500 2700 2 400
160 4500 2700 2 400
180 4 500 2700 2 400
200 4500 2 300 1800
225 3600 2 300 1800
250 3600 2 300 1800
280 3600 2 300 1800
315 3600 2 300 1800
NOTE The above values may have to be reduced to meet the requirements of
IEC 60079.

When operating at speeds above rated speed, for example, when used with adjustable speed
controls, noise and vibration levels will increase. The user may require the manufacturer t

balarn

redu

9.7

ed. Attention should be paid to the re-greasing-intervals and the grease service life.

Overspeed

Machines shall be designed to withstand the'speeds specified in Table 20.

An o
spec

verspeed test is not normally considered necessary, but can be performed when t
fied and has been agreed. (For turbine-type AC generators, see also IEC 60034-3

overgpeed test shall be considered as satisfactory if no permanent abnormal deformati

appa
from
diele

Due
minu

rent subsequently, and nofother weakness is detected which would prevent the ma
operating normally, and provided the rotor windings after the test comply with the req
Ctric tests. The duration of any overspeed test shall be 2 min.

to settling of laminated rotor rims, laminated poles held by wedges or by bolts, e

deformation indicating that the machine is not suitable for normal operation.

Durirlg commissioning of a hydraulic-turbine driven synchronous generator, the machine
iven dat the speed it can reach with the overspeed protection operating, so as to ascertain

be d
that

b fine

ce the motor rotor for acceptable operation above rated speed. Bearing life mgy be

his is
L) An
on is
thine
uired

C., a

e permanentiinCrease in the diameter is natural, and not to be considered as an abngrmal

shall

e-balance is satisfactory up to that speed
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Table 20 — Overspeeds

Item Machine type Overspeed
1 AC machines
All machines other than those 1,2 times the maximum rated speed
specified below:
1a) Water-turbine driven generators, and | Unless otherwise specified, the runaway speed of the set but
any auxiliary machines connected not less than 1,2 times the maximum rated speed

directly (electrically or mechanically)
to the main machine

1b) Machines which may under certain The specified runaway speed of the set but not less than
circumstances be driven by the load 1,2 times the maximum rated speed.
1c) Series and universal motors 1,1 times the no-load speed at rated voltage. For motors

integrally attached to loads that cannot become accidentall
disconnected, the words ‘no-load speed’ shall be'interpretefl to
mean the lightest load condition possible with-thedoad

1d) Three-phase single-speed cage 1,2 times the maximum safe operating speed
induction motors according to 9.6
2 DC machines
2a) Shunt and separately excited motor 1,2 times the highest rated speed.or 1,15 times the
corresponding no-load speeds whichever is greater
2b) Compound excited motors having 1,2 times the higher rated\speed or 1,15 times the
speed regulation of 35 % or less corresponding no-load¢speed, whichever is greater but not
exceeding 1,5 times the highest rated speed
2c) Compound excited motors having The manufacturershall assign a maximum safe operating speed
speed regulation greater than 35 % which shall be"marked on the rating plate. The overspeed for
and series motors these motors shall be 1,1 times the maximum safe operating
speed. The\safe operating speed marking is not required or
motors_that are capable of an overspeed of 1,1 times the ng-
load speed at rated voltage
2d) Permanent-magnet excited motors Querspeed as specified in item 2a) unless the motor has a
series winding and, in such a case, they shall withstand the|
overspeeds specified in items 2b) or 2¢) as appropriate
2e) Generators 1,2 times the rated speed

9.8 | Short-circuit current for synchronous machines

Unless otherwise spgcified, the peak value of the short-circuit current for synchrgnous
macljines, including turbine-type machines not covered by IEC 60034-3, in the case of short
circujt on all phases‘during operation at rated voltage, shall not exceed 15 times the peak yalue
or 21| times thes=m.s. value of the rated current.

Verifjcation'may be carried out by calculation or by means of a test at a voltage of 0,5 timels the
rated veltage or above.

9.9 Short-circuit withstand test for synchronous machines

The three-phase short-circuit test for synchronous machines shall be carried out only at the
request of the purchaser. In this case, the test shall be carried out on the machine running on
no-load with an excitation corresponding to the rated voltage unless otherwise agreed. The test
shall not be carried out with an excitation greater than that corresponding to 1,05 times the
rated voltage at no load.

The excitation for the test, as determined, may be reduced by agreement, in order to take into
account the impedance of the transformer which may be placed between the machines and the
system. In this latter case, it may also be agreed that the test be made at the operating site
with the over-excitation device in operation. The short circuit shall be maintained for 3 s.
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The test is considered satisfactory if no harmful deformation occurs and if the requirements of
the applied voltage dielectric test (see Table 17) are met after the short-circuit test. For three-
phase turbine-type machines, see IEC 60034-3.

9.10 Commutation test for commutator machines

A DC or AC commutator machine shall be capable of operating from no-load to operation with
the excess current or excess torque, specified in 9.3 and 9.4 respectively, without permanent
damage to the surface of the commutator or brushes and without injurious sparking, the brushes
remaining in the same set position. If possible, the commutation test shall be performed in warm
conditions.

NOTE| Annex A of IEC 60276:2018 gives clarification on how to assess these criteria. In 833.2 of
IEC 60034-19:2014, it is further specified that “Commutation is assessed by any means that the/manufdcturer
considers reliable”.

9.11| Total harmonic distortion (THD) for synchronous machines
9.111 General

The fequirements of this subclause apply only to synchronous machings having rated outputs
of 300 kW (or kVA) or more, intended for connection to power netwerks operating at nominal
frequencies of 16 2/3 Hz to 100 Hz inclusive, with a view to minimizing interference caused by
the mpachines.

9.112 Limits

When tested on open-circuit and at rated speed and voltage, the total harmonic distortion ([THD)
of th¢ line-to-line terminal voltage, as measured according to the methods laid down in 9./11.3,
shall|not exceed 5 %.

NOTE| Limiting values of individual harmonics are.not specified as it is considered that machines which mget the
above|requirements will operate satisfactory.

9.113 Tests

Type|tests shall be carried out.6m' AC machines to verify compliance with 9.11.2. The range of
frequencies measured shall cover all harmonics from rated frequency up to the 100t" harmlonic.
Synchronous motors do not.need to be measured.

Eithgr the THD may be'measured directly by means of a meter and associated network spegially
designed for the\purpose, or each individual harmonic shall be measured and from the
meagured valugs_the THD shall be computed using the following formula:

k
THD = | u?
Vn:Z

where

u, is the ratio of the line-to-line terminal voltage U, of the harmonic » of the machine to the
line-to-line terminal fundamental voltage U, of the machine;

n is the order of harmonic;
k=100.

9.12 Protective earth test

In a type test of a machine with rated voltage not exceeding AC 1 000 V or DC 1 500 V,
respectively, a protective earth test shall be performed in addition.
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Machines with rated voltage not exceeding AC 1 000 V or DC 1 500 V, respectively, and with
an earthing terminal require a protective earth type test to ensure sufficiently small internal
resistances. If not defined by a different product standard, the type test can be done by
determining the possible voltage drop between any point of the machine, which has the risk of
coming into contact with live parts, and the earthing terminal. The test is considered successful,
when the measured value of the resistance Rpg \y between these two points does not exceed:

Rpg 0,830 V/ (K- Iy) for AC circuits,

o) <Nng. i i
TPEM 0;8——60-M/(k—Ip-for-BL-sireuite——————————————

wherg

Iy |is the rated current of the machine,
0,8 |is a safety factor, and

K is a factor as shown in Figure 13.

The factor K is derived from the typical fuse size assigned to motors for direct online stgrting
with & ratio of starting current to rated current of 10, multiplied by, 2. This approach is val|d for
generators as well. For power ratings above 1 000 kW, K = 3,4-applies.

12

Factor K

|}
L}
)
'
1
'
1
L}
)
|}
L}
)
|}
|}
1
L
‘
-
'
L}
|}
|}
'
|}
|}
1
L}

bt
o
5]
-
o

100 1 000
Output power

IEC

Figuret3=Factor & fordetermining RpEM
The current used to determine the resistance Rpg ) shall be at least 3 A.

NOTE The method is based on the protective equipotential bonding impedance type test described in IEC 62477-1.
9.13 Measurement of insulation resistance and polarization index of winding insulation

For measurement of insulation resistance and polarization index of a winding insulation,
see |[EC 60034-27-4.
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9.14 Shaft-voltage test

A shaft-voltage test shall not be made in case of insulated bearings (1 MQ or higher for
sinusoidal or DC power supply) or in case safety aspects are concerned. The shaft voltage of
(mainly) supply frequency (not to be mixed-up with a HF shaft voltage, see 3.37) shall be
measured directly between the two shaft ends of an electrical machine being operated at rated
voltage and rated frequency at no load and preferably uncoupled. It is not permitted to
determine the shaft voltage by measuring the shaft-to-ground voltages across the two bearings
and subtracting the values, as this may lead to false results. The shaft voltage has to be
evaluated as RMS value. As long as no other limitation is agreed on between manufacturer and

customer, the RMS value of the shaft voltage in case of non-insulated ball or roller bearings (or
Simi|qr) should not exceed 350 m\/

10 Ipformation requirements

10.1| General

Each| electrical machine shall be delivered with appropriate documentation comprising the
minimally required information (see 10.4) and a rating plate or rating plates (see 10.3).

10.2| Product documentation

The product documentation shall be delivered by the manufacturer including the data sheets
and/gr operating manual. This documentation can be supplied with the motor physically of in a
digitgl form. For series production of standardized machines, this information can aldo be
directly accessible in the manufacturer’s website,ywhich should be easily available.| The
minium content of the product document is given\in+10.4.

10.3 | Rating plate

The plates shall be made of durable material and be securely mounted. The writing has fo be
made with durable marking (e.g. print,.efAgraving).

The fating plate(s) shall preferahly be mounted on the frame of the machine and be IocatTd )
as to|be easily legible in the pasition of use determined by the type of construction and moulnting
arrarjgement of the machine.)If the electrical machine is so enclosed or incorporated in the
equigment that its rating.plate is not easily legible, the manufacturer shall, on request, stpply
a segond plate to be mounted on the equipment.

Ratirnlg plate(s) sh@all-be durably marked with the items in 10.4, as far as they apply. The ftems
need|not all beconthe same plate. Letter symbols for units and quantities shall be in accordance
with [EC 60027-1 and IEC 60027-4.

As an @ption, the rating pIate or another part of the machme (e.g. |n3|de the machrne s terminal
box) me , kto the
product documentatlon at the manufacturer s websrte

NOTE QR code according to ISO/IEC 18004:2015.

Except for normal maintenance (lubrification, cleaning, bearing replacement), when a machine
is repaired or refurbished, an additional plate shall be provided to indicate the name of the
company undertaking the work, the year of repair. In case of modification, the changes affecting
the original rating plate data shall be displayed on this additional plate, as well. Additional
information on the modifications and its influence to technical data not being displayed on the
rating plate can be received from the company undertaking the work.
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10.4

Information content

10.4.1 General

The
well

items in 10.4.2 to 10.4.5 shall be given, when applicable, in the product documentation as
as on the rating plate(s). If the manufacturer gives more information in the product

documentation, this need not necessarily be marked on the rating plate(s). The items in 10.4.6
are optional, but recommended at least for machines over 5 kW (or 5 kVA) rated output.

The

items are numbered a) to jj) for convenient reference, but the order in which they appear

in the product documentation and on the rating plate(s) is not standardized. Iltems may be

suitapty-eombined:

10.42 Minimum information requirements

The

speclal-purpose and built-in machines, are:

a)
b)

minimum information requirements for machines with all rated output sizes, inclliding

The manufacturer's name or mark.

The manufacturer's serial number or identification mark.

NOTE|1 A single identification mark may be used to identify each member ofra group of machines which arefmade

to the|same electrical and mechanical design and are produced in one batch’using the same technology.

c)
d)
e)

The manufacturer's machine code.
Information to identify the year of manufacture.

The rated voltage(s) or range of rated voltage;
two different rated values shall be indicated by !/ (e.g. 400V/230 V) while a range of fated
alues shall be indicated by “-“ (e.g. 380V-440V).

NOTE|2 In all these cases, voltage (and frequency)«Variations according to 7.4 are valid and will not be indficated

separately.

f)
g)

h)

The rated current(s) or range of rated current.

The connecting instructions in@ccordance with IEC 60034-8 by means of a diagram (or
text located near the terminals).

The rated output(s) orrange of rated output power and the class(es) of rating of the
machine if designed far other than rating for continuous running duty S1, see 5.2.

The rated speed(s)ier range of rated speed and the permissible overspeed if other|than
s$pecified in 9.7-orthe maximum safe operating speed if less than in 9.6 or in casg of a
onverter duty machine, given in the unit min-! or 1/min. In case of a converter|duty
machine, thesrange of speed can also be given in per unit or percent of the rated spepd.

For motars within the scope of IEC 60034-30-1 and IEC 60034-30-2, the efficiency glass
IE code) and for motors within the scope of IEC 60034-30-1 also the rated efficiencyj].

Vhén specified, the approximate total mass of the machine, if exceeding 30 kg.

The degree of protection provided by the integral design of the rotating electrical machine
(IP code) in accordance with IEC 60034-5.

The thermal class and the limit of temperature or of temperature rise (when lower than that
of the thermal class) in accordance with IEC 60085 and, if necessary, the method of
measurement, followed in the case of a machine with a water-cooled heat exchanger by 'P’
or 'S', depending on whether the temperature rise is measured above the primary or
secondary coolant respectively (see 8.2). This information shall be given for both stator
and rotor (separated by a slash) when their thermal class differ.

For motors within the scope of IEC 60034-12, the design letter(s) as specified in Clause 5
of IEC 60034-12: 2016 indicating the starting requirements in case it is not design N.
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For machines suitable for operation in only one direction of rotation, the direction of
rotation, indicated either by indicating cw (clockwise) or ccw (counter clockwise) on the
rating plate or by an arrow. This arrow need not be on the rating plate, but it shall be easily
visible.

The altitude for which the machine is designed if exceeding 1 000 m above sea level.

10.4.3 All AC machines

10.4.3.1

10.43.2 All synchronous machines

s)

t)

u)

10.4.3.3 All wound-rotor induction machines

y)

z)
aa)
bb)

cc)

10.46 Optional information

dd)
ee)
ff)

99)

hh)
i)

i

;Lower converter, when this exceeds the rated direct voltage of the motor armature cifcuit.
10.4.

For AC machines, the number of phases.

or—AC—rachinres , i v y—aek term
onverter duty’.
or universal motors, the rated frequency shall be followed by the appropriate symbaql, for
¢xample, ~ 50 Hz/ === (IEC 60417-5031) or AC 50 Hz / DC.

In case of machines excited by permanent magnets, the open circuit voltage at rated speed.
In case of electrical excitation, the rated field voltage and the ratedield current.
In case of electrical excitation, the rated power factor.

he rated open-circuit voltage between slip-rings and the rated slip-ring current.

All DC machines

or machines with separate excitation or with.shunt excitation, the rated field voltage and
he rated field current.

The rated form factor and the rated alternating voltage at the input terminals of the $tatic

Machines over 5 kW (or 5 kVA) rated output

The number(s) of the rating and(performance standard(s) which are applicable (IEC 6(3034-

and/or equivalent nationakstandard(s)). If IEC 60034 is marked, this implies compliance
vith all the other relevant.standards of the IEC 60034 series. If IEC 60034-1 is marked,
this implies compliance'with the standard itself, not with the references.

The maximum ambient air temperature if other than 40 °C.
The minimum ambient air temperature if other than specified in 6.4.
The maximumiwater coolant temperature if other than 25 °C.

fFor hydroegéen-cooled machines, the hydrogen pressure at rated output.

[he.method of cooling (IC code) in accordance with IEC 60034-6 in case it is not IC4/11.

For AC machines, the rated power factor(s).
For induction machines, the locked rotor apparent power.

The types of the bearings, the type of grease or oil and the lubrication interval in case of
roller or ball bearings.

For motors with duty type S9, the momentary excess torque capability at rated speed in
percent of the rated torque, in case the value exceeds 160 %.

For machines with an IVIC assigned, the IVIC level in accordance with IEC 60034-18-41 or
IEC 60034-18-42, respectively.

For converter capable machines (see 3.35), the term ‘converter capable’.
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11 Miscellaneous requirements

1.1

Protective earthing of machines

Machines shall be provided with an earthing terminal or another device to permit the connection
of a protective conductor or an earthing conductor.

The symbol @ (IEC 60417-5019) or legend shall identify this device. However, machines

shall

neither be earthed nor be provided with an earthing terminal when:

a) th
b) th
c) th

c

NOTE|

In the case of machines having rated voltages greater than AC 50 V,.or DC 120 V, but not

exce
in the

provided. Machines having rated outputs in excess of 100 kW (or kVA) shall have in ad
an egrthing terminal fitted on the frame.

MacH

terminal on the frame, for example an iron strap, andiin addition, a means inside the ter

box f

The
cond
are n

conn

When an earthing terminal‘is provided in the terminal box, it shall be assumed that the ear]

cond

Y P | HE S Y 1 + H lats =
Cy arv 1icu wiltlt cupypiciTicritary immrourtativrt, Ut

ey are intended for assembly in apparatus having supplementary insulation, or;

rcuits.

1 The term SELV is defined in IEC 60884-2-4.

ding AC 1 000 V or DC 1 500 V, the terminal for the earthing cénductor shall be sitt
vicinity of the terminals for the line conductors, being placed(in-the terminal box, if g

pr connecting a conducting cable sheath, if any:

ey have rated voltages up to AC 50V or DC 120 V and are intended for yuse on $ELV

ated
ne is

dition

ines for rated voltages greater than AC 1 000 V ©r DC 1 500 V shall have an earthing
minal

earthing terminal shall be designed topensure a good connection with the eanthing

Lictor without any damage to the conductor or terminal. Accessible conducting parts v
ot part of the operating circuit shall have good electrical contact with each other and

Lictor is made of the.same metal as the lead conductors.

vhich

with

the eﬁrthing terminal if there is a risk thiat they will come into contact with live parts. When all
bearings and the rotor winding of a~machine are insulated, the shaft shall be electr

bcted to the earthing terminaly unless the manufacturer and the purchaser agrge to
altermative means of protection.,

cally

thing

When an earthingterminal is provided on the frame, the earthing conductor may, by agreement,

be m
cons

The

ade of another metal (for example, steel). In this case, in designing the terminal, p
deration shall be given to the conductivity of the conductor.

pafthing terminal shall be designed to accommodate an earthing conductor of ¢

secti

nal area in accordance with Table 21. If an earthing conductor larger than the size

foper

ross-
iven

in Table 21 is used, it is recommended that it should correspond as nearly as possible to one
of the other sizes listed.

For other cross-sectional areas of phase conductors, the earthing or protective conductor shall

have

a cross-sectional area at least equivalent to:

— that of the phase conductor for cross-sectional areas less than 25 mm?;

— 25 mm? for cross-sectional areas between 25 mm?2 and 50 mm?;

— 50 % of that of the phase conductor for cross-sectional areas exceeding 50 mm?2.
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For generators =2 20 MVA the earthing conductor cross-sectional area outside the machine
should be calculated by the system integrator and the neutral point bus-bar cross-sectional area
by the manufacturer to safely meet the short circuit current at double earth fault during the time
needed until the machine has been disconnected by the protective system and is deexcited.
The earthing terminal shall be identified in accordance with IEC 60445.

In the documentation of each machine with rated voltage not exceeding AC 1 000V or
DC 1 500 V, respectively, it shall be clearly stated that a protective earth test as required by
IEC 60364, if applicable, or as stated by specific customer requirements shall be made after
the installation of the machine. The responsibility for conducting this test is not with the machine
manufacturer, but with the end-user or the system integrator.

NOTE|2 For small machines with frame sizes below 63 mm, proper earthing may be provided by the flangé“dlone.
Table 21 — Cross-sectional areas of earthing conductors
Cross-sectional area Cross-sectional area of the earthing
of the phase conductor or protective conductor
mm? mm?
4 4
6 6
10 10
16 16
25 25
35 25
50 25
70 35
95 50
120 70
150 70
185 95
240 120
300 150
400 185
11.2| Shaft-end key(s)
When a machine shaft end is provided with one or more keyways, each shall be provided with
a fulllkéy of normal shape and length.

12 Tolerances

12.1 General

Tolerance is the maximum allowed deviation between the test result of a quantity from Table 22
and the declared value on the rating plate or in the catalogue. As long as test procedures and
test equipment according to IEC standards are used, the test result shall not exceed the allowed
deviation independent of test laboratory or equipment. Tolerance does not cover the uncertainty
of a test procedure, i.e. the deviation between the test result and the true value. The tolerances
of the test equipment itself are included in the tolerances specified in Table 22.

NOTE 1 In case of a series production the tolerance applies to any selected sample, i.e. tolerance covers variations
in raw material properties and manufacturing procedures.
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NOTE 2 Detailed information on the influence of measurement uncertainty can be found in IEC Guide 115:2021.

12.2 Tolerances on values of quantities

Unless stated otherwise, tolerances on declared values shall be as specified in Table 22.

Table 22 — Schedule of tolerances on values of quantities

Item Quantity

Tolerance

1 Efficiency 7 ©

-15 % of (1 - 1)

2 Rated field current of synchronous machines

+15 % of the value

permanent magnet synchronous machines
operating direct on-line

3 Power-factor, cos ¢, for induction machines and

-1/6 (1 — cos ¢)
Minimum absolute value 0,02

Maximum absolute value 0,07

temperature) @

4 Speed of DC motors (at full load and at working

4a) Shunt and separately excited motors 1000 Py/ny < 0,67 +15 %
0,67 < 1000 P/ny.<25 +10 %
2,5 = 1000 P{/ny <10 +75%
10 < 1000'P/ny + 5%
4b)| | Series motors 1 000 Py/ny < 0,67 +20 %
0,67 & 1000 P/ny < 2,5 £15 %
2,5 < 1000 Py/ny <10 £10 %
10 < 1000 Py/n £75%

4c)| |Compound excited motors

Tolerances as for item 4b) unless otherwise agrg¢ed

excited motors (from no-load to fullload)

5 Variation of speed of DC shunt and compound

+20 % of the variation with a minimum of +2 % of the
rated speed

6 Inherent voltage regulation of\DC generators,

characteristic

shunt or separately excited at_any point on the

+20 % of the regulation at that point

of alternating current)

7 Inherent voltage regulation of compound excited
generators (at the_fated power-factor in the case

+20 % of the regulation, with a minimum of +3 %| of
the rated voltage. (This tolerance applies to the
maximum deviation at any load between the

observed voltage at that load and a straight line
drawn between the points of no-load and full-load
voltage.)

working temperature)

Py < 1kW

8 a Slip of.induction machines (at full load and at

+30 % of the slip

P> 1KW

+20 % of the slip

8 b) |Speed of AC (commutator) motors with shunt
characteristics (at full load and at working

— on the highest speed:

with any specified starting apparatus

temperature) -3 % of the synchronous speed
— on the lowest speed:
+3 % of the synchronous speed
9 Locked rotor current of cage induction motors +20 % of the current; for motors within the scope of

IEC 60034-12, the limit specified in IEC 60034-12 for
the locked rotor apparent power shall not be
exceeded.

10 Locked rotor torque of cage induction motors

25
4:15 % of the torque.

(+25 % may be exceeded by agreement)
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Item Quantity Tolerance
11 Pull-up torque of cage induction motors -15 % of the value
12 Breakdown torque of induction motors —-10 % of the torque except that after allowing for this
tolerance the torque shall be not less than 1,6 or 1,5
times the rated torque, see 9.4.1
13 Locked rotor current of synchronous motors + 20 % of the value
14 Locked rotor torque of synchronous motors +25
_15 % of the value
(+25 % may be exceeded by agreement)
15 Pull-out torque of synchronous motors =10 % of the value except that after allowing far this
tolerance, the torque shall be not less than 1,35|or
1,5 times the rated torque, see 9.4.2
16 Peak value of short-circuit current of an AC +30 % of the value®
generator under specified conditions
17 Steady short-circuit current of an AC generator at | +15 % of the value
specified excitation
18 Moment of inertia +10 % of the value
19 Average A-weighted sound pressure level or + 3 dB(A)
sound power level at no-load and sinusoidal
supply
NOTE When a tolerance is stated in only one direction, the value is not limitéd in the other direction.
a8 Tplerances in item 4 depend on the ratio of rated output Py in kW, to’rated speed in min~".

13 E

13.1

The
volta

lectromagnetic compatibility (EMC)

General

commercial or industrial.environments.

Electronic components mounted inside a rotating electrical machine and which are essenti

its of

Requ

control electronic equipment, coupled machines, monitoring devices, etc., whether mo
b ‘ar'outside the machine, are outside the scope of this document.

insid

EFMC requirements specified in this clause apply to rotating electrical machines with
jes not exceeding AC-1 000 V or DC 1 500 V intended for operation and use in residgntial,

eration (for'example rotating excitation devices) are part of the machine.

irements which apply to the final drive system and its components, for example powe
leted

rated

al for

r and

The requirements of this clause apply to machines that are supplied directly to the end-user.

NOTE

1 The purpose of this clause is to give advice for contractual agreements between supplier and end-user.

NOTE 2 Machines that are intended for incorporation as components in an apparatus, where the enclosure and
assembly will affect the EMC emissions, are covered by the EMC standard that relates to the final product.

In synchronous machines, electronic power supplies of the exciter machine’s stator being part
of the synchronous machine shall comply with the EMC requirements of this document.

NOTE 3 As the generator in a power plant is often a very large machine having some higher magnetic fields outside
the housing, it is possible to define boundaries around the generator in the machine hall, inside of which fields may
be higher than according to CISPR requirements and access is forbidden for electronic devices and restricted to
allowed staff only.
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Transients (such as starting) are not covered by this clause.

13.2 Immunity
13.2.1 Machines not incorporating electronic circuits

Machines without electronic circuits are not sensitive to electromagnetic emissions under
normal service conditions and, therefore, no immunity tests are required.

13.2.2 Machines incorporating electronic circuits

As elgttromicTircuitswhich-are mcorporated i macines generatty utitize componentsthat are

pass|ve (for example diodes, resistors, varistors, capacitors, surge suppressors, inducfors),
immynity tests are not required.

13.3| Emission

For machines intended for use in residential environments, radiated and conducted emisgions
shall[comply with the requirements of CISPR 11 for class B group 1 equipment, see Tablg B.1,
in Annex B.

For machines intended for use in industrial environments, radiated and conducted emisgions
shall[comply with the requirements of CISPR 11 for class A’group 1 equipment with a rated
input| power of < 20 kVA , independently from their actual rated input power. These limits are
also found in Table B.2.

13.4| Immunity tests

Immynity tests are not required.

13.5| Emission measurements

For deneral purpose rotating electricalmachines, type tests shall be carried out in accordance
with CISPR 11 and the respective ‘parts of the CISPR 16 standards series as applicable. [Type
tests|on rotating electrical machines intended for assembly into final products in the scope of
CISHR 14 shall be carried outalso observing the advice found in CISPR 14.

For the measurements,sthe requirements specified in 13.3 apply.
Machines without brushes shall comply with the emission limits of 13.3 with any load condjtion.

Maclhines with brushes shall at least comply with the emission limits of CISPR 11 for clgss A
group 1 equipment with a rated input power of < 20 kVA , independently from their actual rated
input| power, when tested without a load. Such machines need to be denoted as cljss A
componeénts.

Cage induction machines do not need to be measured.

Emissions at terminals intended for earthing or grounding do not need to be measured.

14 Application requirements

Rotating machines in accordance with this document shall comply with the requirements of
IEC 60204-1 or IEC 60204-11 or, in the case of rotating machines incorporated in household
and similar electrical appliances, IEC 60335-1, as appropriate unless otherwise specified in this
document, and be designed and constructed as far as possible in accordance with
internationally accepted best design practice, appropriate to the application.
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NOTE It is the responsibility of the manufacturer or assembler of equipment incorporating electrical machines as
components to ensure that the overall equipment is safe.

This may involve consideration of relevant product standards such as:
IEC 60079 (all parts),and other parts of IEC 60034 including:

IEC 60034-5, IEC 60034-6, I|EC 60034-7, IEC 60034-8, IEC 60034-9, IEC 60034-11, IEC 60034-12 and
IEC 60034-14.

In addition, it may be necessary to consider limitation of the surface temperature and similar
characteristics; see for example |IEC 60335-1:2020, Clause 11: Heating.
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A.1

Annex A
(informative)

Guidance for the application of duty type S10 and
for establishing the value of relative thermal life expectancy 7L

The load of the machine at any moment is equivalent to duty type S1 corresponding
to 4.2.1. However, the load cycle may comprise loads other than the rated load based on duty
type S1. A load cycle comprising four discrete constant load/speed combinations is shown in
Figure 10.

A.2
life e
calc(

wher
TL

A®

At

n

A.3

A.4
conc
This
temp

A.5

appr
to du
varyi

Depending on the value and duration of the different loads within one cycle, the re
xpectancy of the machine based on the thermal ageing of the insulation system c3
lated by the following formula:

1 n AQ;
= . k
e Z1Al‘, x 2

=

[

is the relative thermal life expectancy related to the thermal life expectancy in ca
duty type S1 with rated output;

is the difference between the temperature rise ofthe winding at each of the various
within one cycle and the temperature rise based upon duty type S1 with reference

is the p.u. time of a constant load within a\oad cycle;

expectancy of the insulation system, by 50 %;
is the number of discrete values\of load.

The value of the quantity 7L can be determined only when, in addition to inform
brning the load cycle according to Figure 10, the value £ for the insulation system is kn
value k has to be determined by experiments in conformity with IEC 60034-18 for the
erature range within which the load cycle takes place according to Figure 10.

TL can pe>stated sensibly as a relative value only. This value can be use
pximation 1o assess the real change in the machine thermal life expectancy as comg
ty typeS1 with rated output, because it may be assumed that in consideration ¢
hg/loads existing within a cycle the remaining influences over the lifetime of the ma

(e.g.

ative
n be

se of

oads
load;

is the increase in temperature rise in, which leads to a shortening of the thermal life

The quantity TL is an integral‘part of the unambiguous identification of the class of rating.

ation
own.
vhole

d by
ared
f the
chine

dielectric stress, environmental influences) are approximately the same as in the ca

se of

duty type S1 with rated output.

A.6 The manufacturer of the machine is responsible for the correct compilation of the various
parameters for determining the value of TL.
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Electromagnetic compatibility (EMC) limits

Table B.1 — Electromagnetic emission limits per CISPR 11 Class B Group 1

Frequency range

Limits

Radiated emission

30 MHz to 230 MHz

30 dB(pV/m) quasi peak, measured at
10 m distance (Note)

230 MHz to 1 000 MHz

37 dB(pV/m) quasi peak, measured at
10 m distance (Note)

q

Conducted emission
n AC or DC power supply
terminals

0,15 MHz to 0,50 MHz
Limits decrease linearly with
logarithm frequency

66 dB(pV) to 56 dB(pV).quasi pedk
56 dB(pV) to 46 dB(pV).average

0,50 MHz to 5 MHz

56 dB(p\V) quasi peak
46 dB(uV) average

5 MHz to 30 MHz

60-dB(pV) quasi peak
50-dB(uV) average

NOTE

May be measured at 3 m distance using the limits increased by 10 dB"

Table B.2 — Electromagnetic emission limits per CISPR 11 Class A Group 1

Frequency range

Limits

Radiated emission

30 MHz to 230<MHz

30 dB(pV/m) quasi peak,
measured at 30 m distance (Note]

230 MHz tot 000 MHz

37 dB(uV/m) quasi peak,
measured at 30 m distance (Note]

q

Conducted emission
n AC or DC power supply
terminals

0,15\MHz to 0,50 MHz

79 dB(pV) quasi peak
66 dB(uV) average

0,50 MHz to 30 MHz

73 dB(uV) quasi peak
60 dB(uV) average

NOT
the li

F May be measured at 10.m distance using the limits increased by 10 dB or measured at 3 m distance psing

mits increased by 20 dB.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MACHINES ELECTRIQUES TOURNANTES -

Partie 1: Caractéristiques assignées et caractéristiques de
fonctionnement

AVANT-PROPOS

1) LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatighi-comjposée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC‘a pour objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans.les domaings de
I'é|ectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internationales,
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles _au“public (PAS) pt des
Gdides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée § des*comités d'études, aux
trgvaux desquels tout Comité national intéressé par le sujet traité peut partiCiper. Les organisfations
internationales, gouvernementales et non gouvernementales, en liaison avec I'lECy participent égalemept aux
trgvaux. L'IEC collabore étroitement avec |'Organisation Internationale de.Nermalisation (ISO), seloph des
copditions fixées par accord entre les deux organisations.

2) Lep décisions ou accords officiels de 'lEC concernant les questions techhiques représentent, dans la mespre du
popsible, un accord international sur les sujets étudiés, étant donné que‘fes/Comités nationaux de I'lEC intéfessés
soht représentés dans chaque comité d’études.

3) Lep Publications de I'l[EC se présentent sous la forme de recOmmandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les_€fforts raisonnables sont entrepris afin qugq I'lEC
s'gdssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsaple de
I'éyentuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

4) D4gns le but d'encourager I'uniformité internationale, les;"Comités nationaux de I'lEC s'engagent, dans tdute la
megsure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutesxRublications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

5) L’IEC elle-méme ne fournit aucune attestatioh de conformité. Des organismes de certification indépenfdants
fodrnissent des services d'évaluation de™eonformité et, dans certains secteurs, accédent aux marques de
cophformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
ingépendants.

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

7) Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de|l'lEC,
popr tout préjudice cause\en cas de dommages corporels et matériels, ou de tout autre dommage de qdelque
nafure que ce soit, directe’ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépenses
défoulant de la publication ou de l'utilisation de cette Publication de I'l[EC ou de toute autre Publication de|lI'lEC,
oulau crédit qui lui\est accordé.

8) L'gttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publigations
référencées'est obligatoire pour une application correcte de la présente publication.

9) L’3ttention‘est attirée sur le fait que certains des éléments de la présente Publication de I'l|EC peuvent faire |'objet
de| droits“de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drqits de
brg¢vets.

L'IEC 60034-1 a été établie par le comité d’études 2 de I'lEC: Machines tournantes. Il s'agit
d'une Norme internationale.

Cette quatorzieme édition annule et remplace la treiziéme édition parue en 2017. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

p‘:':ai;:g::e Modifications

1 Clarification du domaine d'application

2 Généralités sur l'utilisation des références datées

3.29 Clarification relative a I'identification de I'intensité maximale et minimale

3.34 Définition de I'isolation principale

3.35 Définition d'une machine apte a fonctionner sur convertisseur

3.36 Définition d'une machine fonctionnant exclusivement sur convertisseur

3.37 Définition de la tension d’arbre

4.2 Explications relatives a I'utilisation des services types S9 et S10 pour les machines
fonctionnant exclusivement sur convertisseur

5.6.3 Nouveau paragraphe de clarification des termes plage de tensions assignées et variations [de
tension

6.2 Exigence relative a la prise en considération d'une distance de claquage réduite dans la
conception des machines pour les altitudes > 1 000 m

71 Clarification sur le transfert par bus ou le réenclenchementrapide
Clarification sur la capacité de tenue aux chocs électriques

7.3 Nouveau paragraphe sur I’écart de tension pendant lexdémarrage

7.4 Extension de la variation de la fréquence de I'alimentation
Ajout d’'une note relative a la conception pourdin fonctionnement avec une tension et une
fréquence étendues
Ajout d'un déclassement recommandé_pour les variations importantes de tension et de
fréquence

7.6 Clarification du fait que les fils émaillés ne constituent pas un matériau actif nu

8.3.1 Ajout d'une clarification concernant I'alimentation électrique pendant les essais thermiqueg

9.1 Modifications du Tableau 16, en particulier I'inclusion des aimants permanents (PM -
permanent magnets).et des machines a réluctance synchrone

9.2 Ajout d’'une exigence-relative a I'’équipement d’essai pour I'essai de tension de tenue
Ajout d'une tension d’essai pour les machines a courant alternatif a vitesse variable
Clarificationapportée aux essais de tension de tenue pour les machines aprés stockage

9.5 Paragraphe étendu aux exigences relatives au couple a rotor bloqué minimal

9.10 Ajout d'une note sur les critéres relatifs a I’essai de commutation

9.11]3 Ajout d'une clarification concernant le fait que les moteurs synchrones ne nécessitent pas ln
essai de distorsion harmonique totale (THD - total harmonic distortion)

9.12 Nouveau paragraphe relatif a 'essai de mise a la terre

9.13 Nouveau paragraphe relatif au mesurage de |a résistance d'isolation et I'indice de polarisation

9.14 Nouveau paragraphe relatif au mesurage de la tension d’arbre

10 Cet article a été entiérement réorganisé
Ajout d'une clarification sur le symbole d'unité pour la vitesse

1.1 Ajout d'une clarification concernant I’essai de mise a la terre aprés I'installation

12.1 Clarification concernant les tolérances en raison de I'’exactitude de I'équipement d’essai
Ajout d'une note concernant l'incertitude de mesure

12.2 Modification de la tolérance relative au rendement
Clarification concernant la tolérance relative au courant a rotor bloqué
Nouvelle tolérance concernant le niveau de pression acoustique

14 Amélioration du titre de I'article
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MACHINES ELECTRIQUES TOURNANTES -

Partie 1: Caractéristiques assignées et caractéristiques de
fonctionnement
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IEC {

IEC §
IEC §

IEC 60027-4:2006, Symboles\littéraux a utiliser en électrotechnique — Partie 4: Mac

élect

IEC ¢
norm
des 1

ésente partie de I'lEC 60034 s'applique a toutes les machines électriques tournan
bption des machines destinées aux véhicules ferroviaires et routiers, qui sont-couv,

ment étre soumises a des exigences nouvelles, modifiées ou complémentaires fig
d’autres normes, par exemple, les séries IEC 60079 et IEC 60092.

Si certains articles du présent document sont modifiés afin de permettrendes applications spécialg
le pour les machines soumises a la radioactivité ou les machines aérospatiales, tous les autres 4
quent dans la mesure ou ils sont compatibles.

Références normatives

ocuments suivants sont cités dans le texte de €orte qu’ils constituent, pour tout ou [
ur contenu, des exigences du présent document. Pour les références datées,
on citée s’applique. Pour les références non‘datées, la derniére édition du docume
bnce s'applique (y compris les éventuels.amendements).

0027-1:1992, Symboles littéraux.aztiliser en électrotechnique — Partie 1: Généralité
0027-1:1992/AMD1:1997
0027-1:1992/AMD2:2005

riques tournantes

0034-2 (toutes '\les parties), Machines électriques tournantes — Partie 2: Méth
alisées pourla-détermination des pertes et du rendement a partir d’essais (a I'excl
hachines pour'véhicules de traction)

alterpateurs synchrones entrainés par des turbines a vapeur ou par des turbines a gaz et

IEC $0034<3:2020, Machines électriques tournantes — Partie 3: Exigences spécifiques pol
les cpmpénsateurs synchrones

tes a
ertes

machines comprises dans le domaine d’application du présent document pedivent

urant

s, par
rticles

artie
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nt de

S

hines

odes
sion

ur les
pour

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 60034-6:1991, Machines électriques tournantes — Partie 6: Modes de refroidissement
(code IC)

IEC 60034-8:2007, Machines électriques tournantes — Partie 8: Marques d’extrémité et sens de
rotation
IEC 60034-8:2007/AMD1:2014

IEC 60034-12:2016, Machines électriques tournantes — Partie 12: Caractéristiques de
démarrage des moteurs triphasés a induction & cage a une seule vitesse
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IEC 60034-15:2009, Machines électriques tournantes — Partie 15: Niveaux de tenue au choc
électrique des bobines de stator préformées des machines tournantes a courant alternatif

IEC 60034-18 (toutes les parties), Machines électriques tournantes — Partie 18: Evaluation
fonctionnelle des systéemes d’isolation

IEC 60034-18-41:2014, Machines électriques tournantes — Partie 18-41: Systemes d’isolation
électrique sans décharge partielle (Type |) utilisés dans des machines électriques tournantes
alimentées par des convertisseurs de tension — Essais de qualification et de contrble qualité
IEC 60034-18-41:2014/AMD1:2019

IEC §0034-18-42:2017, Machines électriques tournantes — Partie 18-42: Systémes d’isolation
électrique résistants aux décharges partielles (Type 1l) utilisés dans des machines électrlques
tournantes alimentées par convertisseurs de tension — Essais de qualification
IEC 60034-18-42:2017/AMD1:2020

IEC 60034-19:2014, Machines électriques tournantes — Partie 19: Méthodes spéciflques
d'esgqai pour machines a courant continu a alimentation conventionnelle, 0u redressée

IEC TS 60034-25:2014, Machines électriques tournantes — Partie25: Machines électriqies a
courant alternatif utilisées dans les entrainements électriques de puissance — Guide
d’application

IEC 60034-27-4, Machines électriques tournantes — {Partie 27-4: Mesure de la résistance
d’isolement et de l'index de polarisation sur le systéme d’isolation des enroulementy des
machines électriques tournantes

IEC §0034-29:2008, Machines électriques taurnantes — Partie 29: Techniques par charge
équivalente et par superposition — Essais indirects pour déterminer I’échauffement

IEC 60034-30-1:2014, Machines électriques tournantes — Partie 30-1: Classes de rendeiment
pourlles moteurs a courant alternatifalimentés par le réseau (code IE)

IEC TS 60034-30-2, Rotating-efectrical machines — Part 30-2: Efficiency classes of vatfliable
speef AC motors (IE-code) (disponible en anglais seulement)

IEC §0034-33: Rotating\electrical machines — Part 33: Specific technical requirements for hydro
genefators (disponible en anglais seulement)

IEC 60050-414:0996, Vocabulaire électrotechnique international — Chapitre 411: Machines
tournjantes

IEC 60050-411:1996/AMD1:2007
IEC 60050-411:1996/AMD2:2021

IEC 60060-1:2010, Technique des essais a haute tension — Partie 1. Définitions et exigences
générales

IEC 60085:2007, Isolation électrique — Evaluation et désignation thermiques

IEC 60204-1:2016, Sécurité des machines — Equipement électrique des machines — Partie 1:
Exigences générales

IEC 60204-11:2018, Sécurité des machines — Equipement électrique des machines — Partie 11:
Exigences pour les équipements fonctionnant a des tensions supérieures a 1 000 V en courant
alternatif ou 1 500 V en courant continu et ne dépassant pas 36 kV
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IEC 60335-1:2020, Household and similar electrical appliances — Safety — Part 1: General
requirements (disponible en anglais seulement)

IEC 60364 (toutes les parties), Installations électriques a basse tension
IEC 60417, Symboles graphiques utilisables sur le matériel

IEC 60445:2017, Principes fondamentaux et de sécurité pour les interfaces homme-machine,
le marquage et l'identification — Identification des bornes de matériels, des extrémités de
conducteurs et des conducteurs

IEC 60664-1:2020, Coordination de lisolement des matériels dans les réseaux d‘énergie
électrique a basse tension — Partie 1: Principes, exigences et essais

IEC $1148:2011, Marquage des bornes de blocs et d'ensembles d'élémefits”de valve et
d'éqyipement de conversion de puissance

IEC TS 61800-8, Adjustable speed electrical power drive systems —'Part 8: Specificatipn of
voltage on the power interface (disponible en anglais seulement)

CISHR 11:2015, Appareils industriels, scientifiques et médicaux — Caractéristiques de
pertuyrbations radioélectriques — Limites et méthodes de mesure
CISPAR 11:2015/AMD1:2016
CISPAR 11:2015/AMD2:2019

CISPR 14 (toutes les parties), Compatibilité électromagnétique — Exigences relativey aux
appayeils électrodomestiques, aux outils électriques et aux appareils analogues

CISHR 16 (toutes les parties), Spécifications des méthodes et des appareils de mesure des
pertuyrbations radioélectriques et de I'immunité aux perturbations radioélectriques

3 Termes et définitions

Pour|les besoins du présent'document, les termes et définitions de I'[EC 60050-411, ains| que
les spivants s’appliquentt

NOTE|1 Pour des définitions autres que celles en 3.17 a 3.22 concernant le refroidissement et les fluides de
refroidissement, voir I'""EC 60034-6.

NOTE|2 Pour fes\besoins du présent document, le terme "accord" signifie "accord entre le constructgur et
I’achejeur".

L'ISQ et 'fEC tiennent & jour des bases de données terminologiques destinées a étre util{sées
en narmalisation consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/
e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

valeur assignée

valeur d’'une grandeur fixée, généralement par le constructeur, pour un fonctionnement spécifié
d’'une machine

Note 1 a I'article: La tension assignée ou plage de tensions assignées est la tension assignée ou plage de tensions
assignées entre phases aux bornes.

[SOURCE: IEC 60050-411:1996, 411-51-23]
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3.2

caractéristiques assignées
ensemble des valeurs assignées et des conditions de fonctionnement

[SOURCE: IEC 60050-411:1996, 411-51-24]

3.3

puissance (utile) assignée
valeur de la puissance (utile) incluse dans les caractéristiques assignées

ues,
ante

3.4

charge

ensemble des valeurs des grandeurs électriques, dans le cas d’un générateur, et mécani:ﬂ
dans|le cas d’un moteur, qui caractérisent les exigences imposées a une machine\tour
par un circuit électrique ou un dispositif mécanique a un instant donné

[SOURCE: IEC 60050-411:1996, 411-51-01, modifié: modification indiquée®en italique]
3.5

fonctionnement a vide

état de fonctionnement d’'une machine tournant a puissance nullé (mais en conditions normales
de fonctionnement par ailleurs)

[SOYRCE: IEC 60050-411:1996, 411-51-02, modifié: madification indiquée en italique]
3.6

pleine charge

charge amenant une machine a fonctionner a ses caractéristiques assignées

[SOYRCE: IEC 60050-411:1996, 411-51=10]

3.7

valeuir de pleine charge

valeu

Note 1

[sou

r d’'une grandeur pour une:machine fonctionnant a pleine charge

a l'article: Cette notion\est applicable a la puissance, au couple, au courant, a la vitesse, etc.

RCE: IEC 60050:411:1996, 411-51-11]

3.8
repo

absepce ~compléte de tout mouvement et de toute alimentation électrique ou de
entrgineément mécanique

[SOURCE: IEC 60050-411:1996, 411-51-03]

3.9

service
stipulation de la charge (des charges) a laquelle (auxquelles) la machine est soumise,
y compris, le cas échéant, les périodes de démarrage, de freinage électrique,
fonctionnement a vide et de repos, ainsi que leurs durées et leur ordre de succession dans le
temps

[SOURCE: IEC 60050-411:1996, 411-51-06]

tout

de


https://iecnorm.com/api/?name=34bf7800174ac105181604c9106ce090

-92 - IEC 60034-1:2022 © |EC 2022

3.10

service type

service continu, temporaire ou périodique comprenant une ou plusieurs charges qui restent
constantes pendant la durée spécifiée ou service non périodique pendant lequel généralement
la charge et la vitesse varient dans la plage de fonctionnement admissible

[SOURCE: IEC 60050-411:1996, 411-51-13]

3.11

facteur de marche
rapport de la période de fonctionnement en charge, y compris le démarrage et le freinage
électrique, a la durée du cycle de service, exprimé en pourcentage

[SOURCE: IEC 60050-411:1996, 411-51-09]

3.12
couple a rotor bloqué
couple mesuré le plus faible que développe le moteur sur son bout darbre d’entrainement,
quand son rotor est maintenu bloqué, quelle que soit sa position angufaire, et qu’il est alimenté
a teniion et fréquence assignées

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

3.13
courpnt a rotor bloqué
valeyr efficace la plus élevée du courant en régime ‘établi, absorbé par le moteur, lorsqulil est
alimgnté aux tension et fréquence assignées et que son rotor est maintenu bloqué quellg que
soit 4a position angulaire

[SOURCE: IEC 60050-411:1996, 411-48-186]

3.14
creuk de couple <d’un moteur.a courant alternatif>
valeyr minimale du couple asynchrone en régime établi, que le moteur développe enfre la
vitesge nulle et la vitesse qui correspond au couple maximal (couple de décrochage) lorsque le
moteur est alimenté a la tension et a la fréquence assignées

Note 1 a l'article: Cette définition ne s’applique pas au cas de moteurs asynchrones dont le couple décroit
continpellement lorsque ta’vitesse augmente.

Note 4 a l'article:\/En plus des couples asynchrones en régime établi, il existe, a des vitesses spécifiquep, des
couplgs harmaniques synchrones qui dépendent de I’angle de charge du rotor.

A de tplleslvitesses, le couple d’accélération peut &tre négatif pour certains angles de charge du rotor.

L’expédtience-sile-caloul-démontrent-gue-clest-une—condition-de—fonctionnement-instable-st-guen-conséguence les
© <t < <t

couples harmoniques synchrones n’empéchent pas I’'accélération du moteur et sont exclus de cette définition.

3.15

couple maximal <d’un moteur a courant alternatif> couple de décrochage

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

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

3.16

couple de fonctionnement <d’un moteur synchrone>

couple maximal développé par un moteur synchrone a la vitesse synchrone et tension,
fréquence et courant d’excitation assignés
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3.17

refroidissement
opération par laquelle de la chaleur provenant des pertes produites dans une machine est
cédée a un fluide de refroidissement primaire qui peut étre continOment remplacé ou étre lui-
méme refroidi dans un échangeur de chaleur par un fluide de refroidissement secondaire

[SOURCE: IEC 60050-411:1996, 411-44-01]

3.18

fluide de refroidissement
fluide, liquide ou gaz, par 'intermédiaire duquel la chaleur est transférée

[sou

3.19

RCE: IEC 60050-411:1996, 411-44-02]

fluide de refroidissement primaire

fluidd
mach

[sou

3.20

fluid
fluidd
refro
écha

[soy

3.21
enro
enro

, liquide ou gaz, qui, se trouvant a une température inférieure a celle ‘des pieces
ine et en contact avec celles-ci, transporte la chaleur cédée par cesxpieces

RCE: IEC 60050-411:1996, 411-44-03]

b de refroidissement secondaire

, liquide ou gaz, qui, se trouvant a une tempécature inférieure a celle du fluid
dissement primaire, transporte la chaleur cédée par ce fluide primaire au moyen
hgeur de chaleur ou a travers la surface extériedre de la machine

RCE: IEC 60050-411:1996, 411-44-04]

lilement a refroidissement direct
LLlement a refroidissement interne

enrotyilement refroidi principalement'par un fluide de refroidissement s’écoulant en contact ¢

avec
soit
princ|

Note
refroid

[SOU

3.22
enro

la partie refroidie a travers(des passages creux, tubes, conduits ou canaux qui, quell
eur orientation, formeht,'partie intégrante de I'enroulement a l'intérieur de [l'isol
pale

a l'article: Dans~tous les cas ou "indirect" ou "direct" n'est pas précisé, cela implique un enroulen
issement indirect.

RCE: IEC60050-411:1996, 411-44-08]

lHlement a refroidissement indirect

de la

irect
que
tion

hent a

tout

Note 1 a l'article:

nrourement autre qu un enroutement a rerroraissement airect

refroidissement indirect.

[SOURCE: IEC 60050-411:1996, 411-44-09]

3.23

isolation supplémentaire
isolation indépendante prévue en plus de l'isolation principale, en vue d’assurer la protection

contr

e les chocs électriques en cas de défaut survenant dans I'isolation principale

Dans tous les cas ou "indirect" ou "direct" n’est pas précisé, cela implique un enroulement a
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3.24

moment d’inertie

somme (intégrale) des produits des masses élémentaires d’un corps par le carré de leurs
distances (radiales) par rapport a un axe donné

3.25

équilibre thermique

état atteint lorsque les échauffements des diverses parties de la machine ne varient pas de
plus d’un gradient de 1 K par demi-heure

Note 1 a I'article: L’équilibre thermique peut étre déterminé a partir d’'un tracé de I'échauffement en fonction du

temps[ orsque les droites entre pOII"IfS pris en debut et fin de chacun de deux Intervalles de Eemps successifs d’au

moins|une demi-heure chacun ont une pente de 1 K ou moins par demi-heure ou de 2 K ou moins par heure}

[SOURCE: IEC 60050-411:1996, 411-51-08, modifié: modification indiquée en italiqte]

3.26
constante de temps thermique équivalente
consfante de temps qui, en remplagant plusieurs constantes de temps individuelles, déteqmine
approximativement I'évolution de la température dans un enroulement dprés une variation de
courant en échelon

3.27
enroplement enrobé
enrolilement complétement enfermé ou noyé dans un iselant moulé

[SOYRCE: IEC 60050-411:1996, 411-39-06]

3.28
vale}r assignée du facteur de forme du courant continu fourni a I’'induit d’un moteur a

courpnt continu par un convertisseur statique de puissance
rapport de la valeur efficace maximale admissible du courant /g maxn @ Sa vpleur

moygnne I,y (valeur moyenne intégrée sur une période) dans les conditions assignées:

1 rms, maxN

kin =
[avN

3.29
factgur d’ondulation’du courant
rapp¢rt de la différénce entre la valeur maximale I,,, et la valeur minimale I;;, d’un coprant

ondulé au double de sa valeur moyenne I, (valeur moyenne intégrée sur une période):

Imax _Imin

7~ 7><Iav

Note 1 a l'article: Pour de faibles valeurs d’ondulation du courant, le facteur d’ondulation peut étre approché par la
formule suivante:
Tmax = Imin

q; =
Imax + Imin

Note 2 a I'article: La formule ci-dessus peut étre utilisée en tant qu’approximation si la valeur calculée résultante
de g; est inférieure ou égale a 0,4.

Il convient que la base pour déterminer cette variation soit un mesurage effectué par oscilloscope (ou un dispositif
comparable) et non un relevé d’ampéremétre. Il convient de tracer une ligne qui passe par les crétes consécutives
de 'onde de courant sur I'oscillogramme. Cette ligne constitue I’enveloppe de I'onde de courant. La variation est la

différence entre les ordonnées maximale (/.. ) et minimale (7 . ) de cette enveloppe.
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3.30
tolérance
écart permis entre la valeur déclarée et la valeur mesurée

3.31

essai de type

essai effectué sur une ou plusieurs machines réalisées selon une conception donnée pour
vérifier que cette conception répond a certaines spécifications

Note 1 a l'article: L’essai de type peut étre aussi considéré comme valide s’il a été réalisé sur une machine ayant
des déviations mineures en caractéristiques assignées ou autres. Il convient que ces déviations fassent I'objet d’un
accorgs

[SOYRCE: IEC 60050-411:1996, 411-53-01]

3.32
essaj individuel de série
essa| auquel est soumise chaque machine en cours ou en fin de fabrication"pour vérifier qu’elle
satisfait a des critéres définis

[SOURCE: IEC 60050-411:1996, 411-53-02]

3.33
vitesse d’emballement
vitesge maximale atteinte par le groupe convertisseur, efi-cas de disparition de la pleine charge
de lalgénératrice et de non-fonctionnement du régulateur de vitesse

Note 1 a l'article: Le moteur peut également étre une turhine.ou un moteur a explosion.

Note 4 a I'article: Pour les moteurs, la survitesse maximale a la perte de I'alimentation est celle qu’'un moteyr peut
atteindire lorsqu’il est entrainé par I’équipement couplé.

[SOURCE: IEC 60050-411:1996, 411-17~23]

3.34
isoldtion principale
isolafion principale (voir '|EC 60034-1) d'une machine électrique tournante

3.35
machine apte a fonctionner sur convertisseur
machine électrigue-congue pour un démarrage direct en ligne et qui convient poyr un
fonctjonnement sur convertisseur électronique de fréquence sans filtre spécifique

Note 1 a Jarticle: Ces moteurs comprennent, entre autres, les conceptions IEC N, NE, H ou HE qu les
conceptions-NEMA A, B ou C qui peuvent étre soumises a des réglementations relatives au rendement énerggtique
dans IJUE.en Amérique du Nord ou d'autres localisations.

Note 2 a l'article: Le but d'un moteur apte a fonctionner sur convertisseur est de fonctionner dans la classe
thermique du systéme d'isolement, mais comme le contenu harmonique de la tension de sortie du convertisseur varie
en fonction des différentes typologies d’entrainement, I'utilisateur final peut exiger de se coordonner avec le
constructeur.

Note 3 a l'article: Voir 'lEC TS 60034-25 pour les variations de performance de toutes les caractéristiques telles
que le rendement et le bruit acoustique lors du fonctionnement sur un convertisseur de fréquence d'un moteur apte
a fonctionner sur convertisseur.

3.36

machine fonctionnant exclusivement sur convertisseur

machine électrique congue pour fonctionner spécifiquement lorsqu’elle est alimentée par un
convertisseur électronique de fréquence avec un échauffement compris dans la classe
thermique d’isolation spécifiée ou la classe thermique

Note 1 a l'article: De tels moteurs ne comprennent aucune lettre de conception IEC ou de conception NEMA et
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peuvent étre exemptés des réglementations relatives au rendement énergétique dans I'UE, en Amérique du Nord ou
d’autres localisations.

3.37

tension d’arbre

tension de la fréquence d’alimentation principale mesurée entre les extrémités de I'arbre d'une
machine électrique, qui peut se produire en raison d’asymétries magnétiques

Note 1 a l'article: Pour plus d’informations relatives a la cause fondamentale de la tension d’arbre, voir 5.5 et
I’Article 6 de I'|EC TS 60034-24:2009.

Note 2 a l'article: Il convient que la tension d’arbre (principalement) de la fréquence d’alimentation ne soit pas

d ot i d'arb 3 h te frd i 1 &t 3 d | hi L 1é
confo ue-—avec la tension arbre 23 autefrequencegquipeut-8ire causee ans—les—machinesalimentegs par

conveftisseur par un courant d’'impulsion de mode commun a haute fréquence.

4 Services

4.1 | Spécification du service

C’esf a I'acheteur qu’incombe la responsabilité de spécifier le service. Liacheteur peut degcrire
le sefvice par 'une des méthodes suivantes:

a) npmériquement, si la charge ne varie pas ou varie de fagon gonnue;

b) graphiquement, par une représentation des grandeurs variables en fonction du temps
c) ep choisissant I'un des services types S1 a S10 a condjtion que ce service soit au moins
alissi sévere que le service prévu.

Le sarvice type doit étre désigné par I'abréviation appropriée, spécifiée en 4.2, a la suite [de la
valeyr de la charge.

Une formulation du facteur de marche est indiquée sous chaque figure appropriée de sdrvice
type.

Normalement, I'acheteur ne peut pas\fournir une valeur pour le moment d’inertie de la mag¢hine
(VM) ni pour I'espérance de vie thermique en valeur relative (TL) (voir ’Annexe A). Ces valeurs

sont fournies par le constructeur:

Lorsque l'acheteur ne stipule pas de service, le constructeur doit partir du principe qpe le
servite type S1 (service continu) s’applique.

4.2 | Services. types
4.2.1 Service type S1 — Service continu

Fonctiohnement a charge constante maintenue pendant une durée suffisante pour qlie la
machine’atteigne I'équilibre thermique (voir |a Figure 1)

L’abréviation appropriée est S1.
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IEC
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P charge

Py pertes électriques

(©) température

(€] température maximale atteinte

~

temps

Figure 1 — Service continu — Service type S1

4.2.2 Service type S2 - Service temporaire

Fonctionnement a charge constante pendant un temps déterminé, inférieur a celui exigé pour
atteindre I’équilibre thermique, suivi d’'un temps d’arrét d’'une durée suffisante pour rétablira 2 K
prés I'égalité de température entre la machine et le fluide de refroidissement, voir la Figure 2.

L’abréviation appropriée est S2, suivie de la valeur de la durée du service.

Exemple: S2 60 min.
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IEC
Légeride

P charge

Py pertes électriques

(©) température

0O« | température maximale atteinte

t temps

Aty durée.de fonctionnement a charge constante, par exemple Az, = 60 min pour S2 60 min

Figure 2 — Service temporaire — Service type S2

4.2.3 Service type S3 - Service intermittent périodique

NOTE 1 Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.

NOTE 2 Pour les cycles de service dont la durée de cycle T, est différente de 10 min, voir 5.2.3.
Suite de cycles de service identiques comprenant chacun un temps de fonctionnement a charge

constante et un temps de repos (voir la Figure 3). Dans ce service, le cycle est tel que le courant
de démarrage n’affecte pas I'’échauffement de fagon significative.

L’abréviation appropriée est S3, suivie de la valeur du facteur de marche.

Exemple: S3 25 %.
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IEC
Légeride
P charge
Py pertes électriques
(€] température
O« | température maximalétatteinte
t temps
Te durée d’un cycle
Atp durée de fonctionnement a charge constante
Atg temps.de repos

Facteyr de'marche = At,/T,

Figure 3 — Service intermittent periodique — Service type S3

4.2.4 Service type S4 — Service intermittent périodique a démarrage

NOTE 1 Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.

NOTE 2 Pour les cycles de service dont la durée de cycle T, est différente de 10 min, voir 5.2.3.

Suite de cycles de service identiques comprenant chacun un temps de démarrage significatif,
un temps de fonctionnement a charge constante et un temps de repos (voir la Figure 4).

L’abréviation appropriée est S4, suivie des valeurs du facteur de charge, du moment d’inertie
du moteur (Jy;) et du moment d’inertie de la charge (J,,;), tous deux rapportés a I'arbre du

moteur.
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Exemple: S4 25 % J,, = 0,15 kg x m? Joyi = 0,7 kg x m?
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i
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Légerjde

P charge t temps

P, pertes électriques T durée d’un cycle

® température Aty durée de démarrage/accélération

0 max température maximale atteinte Aty durée de fonctionnement & charge constante

Atg temps de repos

Facteur de marche = (Atp + Atp)/ T,

Figure 4 — Service intermittent périodique a démarrage — Service type S4

4.2.5 Service type S5 — Service intermittent périodique a freinage électrique

NOTE 1 Un service type périodique implique que I’équilibre thermique n’est pas atteint pendant la période de
charge.

NOTE 2 Pour les cycles de service dont la durée de cycle T, est différente de 10 min, voir 5.2.3.
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Suite de cycles de service identiques comprenant chacun un temps de démarrage, un temps
de fonctionnement a charge constante, un temps de freinage électrique et un temps de repos,
voir la Figure 5.

L’abréviation appropriée est S5, suivie des valeurs du facteur de charge, du moment d’inertie
du moteur (Jy;) et du moment d’inertie de la charge (J,,;), tous deux rapportés a I'arbre du

moteur.

Exemple: S5 25 % J,, = 0,15 kg x m?

Joyt = 0,7 kg x m?:
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P charge T durée d’un cycle

Py pertes électriques Aty durée de démarrage/accélération

(€] température Aty durée de fonctionnement a charge constante
0 max température maximale atteinte Ate durée de freinage électrique

t temps Aty temps de repos

Facteur de marche = (Azy + At + At)IT,

Figure 5 — Service intermittent périodique a freinage électrique — Service type S5
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4.2.6 Service type S6 — Service ininterrompu périodique

NOTE 1 Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.

NOTE 2 Pour les cycles de service dont la durée de cycle T, est différente de 10 min, voir 5.2.3.

Suite de cycles de service identiques comprenant chacun un temps de fonctionnement a charge
constante et un temps de fonctionnement a vide. I n’y a pas de temps de repos, voir la Figure 6.

L’abréviation appropriée est S6, suivie de la valeur du facteur de marche.

Exemple: S6 40 %.
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IEC
Légende
P charge t temps
Py pertes électriques T durée d’un cycle
(€] température Aty durée de fonctionnement a charge constante
(€] température maximale atteinte At, durée de fonctionnement a vide

max \%

Facteur de marche = AtP/TC

Figure 6 — Service ininterrompu périodique — Service type S6
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4.2.7 Service type S7 — Service ininterrompu périodique a freinage électrique

NOTE 1 Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.

NOTE 2 Pour les cycles de service dont la durée de cycle T, est différente de 10 min, voir 5.2.3.

Suite de cycles de service identiques comprenant chacun un temps de démarrage, un temps
de fonctionnement a charge constante et un temps de freinage électrique. Il n’y a pas de temps
de repos, voir la Figure 7.

L’abréviation appropriée est S7, suivie des valeurs du moment d’inertie du moteur (Jy) et du
moment d’inertie de la charge (J,,;), tous deux rapportés a I'arbre du moteur.

Exemple: S7 J,, = 0,4 kg x m? Joyt = 7,5 kg x m?
Tc
P
I I )
| | |
l 1 ; >
[ [ I 1
| | I
| | |
| | L/ |
o e .
Mol iy M Lt o
P P P P
% ! ! ' ! |
P P b
! | ! | ! :
! | ! | ! |
| | |
| | |
| | |
| | |
|

IEC
Légende

P charge t temps

P, pertes électriques T durée d’un cycle

(€] température Aty durée de démarrage/accélération

0,.c température maximale atteinte Aty durée de fonctionnement a charge constante
Facteur de marche = 1 Ate durée de freinage électrique

Figure 7 — Service ininterrompu périodique a freinage électrique — Service type S7
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4.2.8 Service type S8 — Service ininterrompu périodique a changements liés de
charge et de vitesse

NOTE 1 Un service type périodique implique que I’équilibre thermique n’est pas atteint pendant la période de
charge.

NOTE 2 Pour les cycles de service dont la durée de cycle T, est différente de 10 min, voir 5.2.3.

Suite de cycles de service identiques comprenant chacun un temps de fonctionnement a charge
constante correspondant a une vitesse de rotation prédéterminée, suivie d’'un ou plusieurs
temps de fonctionnement a d’autres charges constantes correspondant a différentes vitesses
de rotation (réalisées par exemple par changement du nombre de pdles dans le cas des moteurs

a indpctiom— 'y @ pas de temps de Tepos (VoI ta Figure 8):

L’abréviation appropriée est S8 suivie des valeurs du moment d’inertie du moteuf(7y,) et du
moment d’inertie de la charge (Jg,;), tous deux rapportés a I'arbre du moteur, deyméme que de

la chiarge, de la vitesse et du facteur de marche pour chacun des régimes caraeterisés paf une
vitesse.

Exerpple: S8 J,, = 0,5 kg x m?2 Joyt = 6 kg x m?2 16 kW 740 min~! 30 o
40 kW 1 460 min~" 30 fo
25 kW 980 min~! 40 .
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0,..x | température maximale atteinte Aty durée de fonctionnement a charge constante (P1,
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F

Factelir de marche = (At & Afp ) T, (Atpy + Atpy) Te; (Atpy + Atpg) T

Figure 8 — Service ininterrompu périodique a changements liés de charge et de vitesse

— Service type S8

4.2.9 Service type S9 — Service a variations non périodiques de charge et de vitesse

Service dans lequel généralement la charge et la vitesse ont une variation non périodique dans
la plage de fonctionnement admissible. Ce service inclut fréquemment des surcharges
appliquées qui peuvent étre largement supérieures a la charge de référence (voir la Figure 9).

L’abréviation appropriée est S9.

Pour ce service type, une charge constante, judicieusement choisie et fondée sur le service
type S1, est prise comme valeur de référence (P4 @ la Figure 9) pour la notion de surcharge.

L’alimentation par convertisseur peut également étre déterminée sous le service type S9
lorsque celui-ci fonctionne avec une charge dynamique non périodique et avec des variations
de vitesse. Le paragraphe 4.2 de 'l|EC TS 60034-25:2014 peut étre pris comme référence pour
déterminer le service pour I'alimentation par convertisseur.
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Figure 9= Service & variations mon périodigques de cirarge et de vitesse — Servite

type S9

4.2.10 Service type S10 — Service avec charges et vitesses constantes discrétes

Service comprenant un nombre spécifique de valeurs discrétes de charge (ou charges
équivalentes), et de vitesse si cela est applicable, chaque combinaison charge/vitesse étant
maintenue pendant une durée suffisante pour permettre a la machine d’atteindre I'équilibre
thermique (voir la Figure 10). La charge minimale pendant un cycle de service peut avoir la
valeur zéro (a vide ou au repos).

L’abréviation appropriée est S10, suivie des valeurs réduites (p.u) p/At pour les différentes
charges et leurs durées respectives, et de la valeur réduite (p.u.) TL pour I’espérance de vie
thermique relative du systeme d’isolation. La valeur de référence pour I'espérance de vie
thermique est 'espérance de vie thermique aux caractéristiques assignées pour service continu
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et aux limites admissibles d’échauffement fondées sur le service type S1. Pour un temps de
repos, la charge doit étre indiquée par la lettre r.

Exemple: S10 p/At = 1,1/0,4; 1/0,3; 0,9/0,2; /0,1 TL = 0,60.

Il convient d’arrondir la valeur de TL au plus proche multiple de 0,05. L’Annexe A donne des
indications sur la signification de ce parametre et la détermination de sa valeur.

Pour ce service type, une charge constante, judicieusement choisie et fondée sur le service
type S1, doit étre prise comme valeur de référence (P a la Figure 10) pour les charges

discretes.

Les
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ant une durée suffisante pour que I’'équilibre thermique soit atteint et que,chaque cyg
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Figure 10 — Service avec charges constantes discrétes — Service type S10
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5 Caractéristiques assignées

5.1

Attribution des caractéristiques assignées

Les caractéristiques assignées, définies en 3.2, doivent étre attribuées par le constructeur. En
attribuant les caractéristiques assignées, le constructeur doit choisir 'une des classes de
caractéristiques assignées définies de 5.2.1 a 5.2.6. La désignation de la classe des
caractéristiques assignées doit étre écrite aprés la puissance (utile) assignée. Si aucune
désignation n’est précisée, les caractéristiques assignées pour service continu s’appliquent.

Quand des composants auxiliaires (tels que des bobines d’inductance, des condensateurs, etc.)

sont
assig

NOTE
Une

mach
fourn

5.2
5.2.1

Cara
et co

Cette
comr

5.2.2

Cara
en dd

Cette
comr

5.2.3

Cara
servi

Cettd
S3 a

insérés par le constructeur en tant que partie intégrante de la machine, les va
nées doivent se rapporter aux bornes d’alimentation de 'ensemble complet.

Cela ne s’applique pas aux transformateurs de puissance connectés entre la machine et ["alimentatio

bttention spéciale est demandée lors de I'attribution de caractéristiques lassignées 3
ines alimentées par, ou alimentant, des convertisseurs statiques., ’IEC TS 60043
it des recommandations relatives a ce sujet.

Classes de caractéristiques assignées

Caractéristiques assignées pour service continu

hformément aux exigences du présent document(

classe de caractéristiques assignées correspond au service type S1 et est dési
e le service type S1.

Caractéristiques assignées pour service temporaire

marrant a la température ambiante et conformément aux exigences du présent docur

classe de caractéristiques assignées correspond au service type S2 et est dési
he le service type S2.

Caractéristiques assignées pour service périodique

Ctéristiques, “assignées auxquelles la machine peut fonctionner suivant des cyclg
Ce, conformément aux exigences du présent document.

classe de caractéristiques assignées correspond a 'un des services types périod

leurs

 des
4-25

Ctéristiques assignées auxquelles la machine peut fonctionner pendant une durée illimitée

gnée

Ctéristiques assignées auxquellestla machine peut fonctionner pendant une durée linpitée,

nent.

gnée

s de

ques

S8'¢et est désignée comme le service type correspondant.

Sauf spécifications contraires, la durée d’un cycle de service doit étre de 10 min et le facteur
de marche doit avoir 'une des valeurs suivantes:

5.2.4

15 %, 25 %, 40 %, 60 %.

Caractéristiques assignées pour service non périodique

Caractéristiques assignées auxquelles la machine peut fonctionner de fagon non périodique,
conformément aux exigences du présent document.

Cette classe de caractéristiques assignées correspond au service type non périodique S9 et

estd

ésignée comme le service type S9.
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5.2.5 Caractéristiques assignées pour service avec charges et vitesses constantes
discrétes

Caractéristiques assignées auxquelles la machine peut fonctionner avec I'association des
charges et des vitesses du service type S10, pendant une durée illimitée tout en satisfaisant
aux exigences du présent document. La charge maximale admissible dans un cycle doit prendre
en considération tous les éléments de la machine, par exemple, le systéme d’isolation en ce
qui concerne la validité de la loi exponentielle pour I'espérance de vie thermique relative, les
roulements en ce qui concerne la température, d’autres éléments en ce qui concerne la
dilatation thermique. Sauf spécifications dans d’autres normes applicables de I'lEC, la charge
maximale ne doit pas dépasser 1,15 fois la valeur de la charge fondée sur le service type S1.
La c L : . ) . N

repos. Des informations relatives a I'application de cette classe de caractéristiques assi
sont données a I’Annexe A.

Cettg classe de caractéristiques assignées correspond au service type S10 et/ est désignée
comme le service type S10.

NOTE| D’autres normes applicables de I'lEC peuvent spécifier la charge maximale en matiére de limitation| de la
tempéyrature (ou d’échauffement) d’enroulement au lieu d’une valeur relative de la~charge fondée sur le service
type §1.

5.2.6 Caractéristiques assignées pour charge équivalente

charge constante jusqu’a ce que I’équilibre thermique soit-atteint et qui conduisent au méme
échapffement de I'enroulement statorique que I'échauffement moyen pendant un cycle en
charge pour le service type spécifié.

Caraftéristiques assignées auxquelles, a des fins d’essais, la machine peut fonctionrater a

Pour|déterminer des caractéristiques assignées du type équivalent, il convient de prendfe en
compte les charge, vitesse et refroidissementvariables du cycle de service.

Le c3s échéant, cette classe de caractéristiques assignées est désignée par 'équ’'.

5.3 | Choix d’une classe de caractéristiques assignées

Une machine construite en yue d’un usage général doit avoir des caractéristiques assignées
pour|service continu et étre capable de fonctionner en service type S1.

Si Id service n'a pas’ été spécifié par l'acheteur, le service type S1 s’applique ef les
caragtéristiques assignées doivent étre des caractéristiques assignées pour service contipu.

Lorsqu’une machine est prévue pour des caractéristiques assignées pour service temporaire,
les c@ractéristiques assignées doivent étre fondées sur le service type S2 (voir 4.2.2).

LorsGutunre—meachine—estprévue—pour—fonctonner—a—des—charges—variables—ou—des—eharges
comprenant un temps de fonctionnement a vide ou des temps pendant lesquels la machine est
a I'état de repos, les caractéristiques assignées doivent étre des caractéristiques assignées
pour service périodique fondées sur un service type choisi parmi les services types S3 a S8
(voir 4.2.3 2 4.2.8).

Lorsqu’une machine est prévue pour alimenter de fagon non périodique des charges variables
a des vitesses variables, y compris a des surcharges, les caractéristiques assignées doivent
étre des caractéristiques assignées pour service non périodique fondées sur le service type S9
(voir 4.2.9).

Lorsqu’'une machine est prévue pour fonctionner a des charges constantes discrétes
comprenant des temps de surcharge ou des temps de marche a vide (ou a I’état de repos), les
caractéristiques assignées doivent étre des caractéristiques assignées pour service avec
charges constantes discrétes fondées sur le service type S10 (voir 4.2.10).
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5.4 Attribution de la puissance (utile) a une classe de caractéristiques assignées

Dans la détermination des caractéristiques assignées:

Pour les services types S1 a S8, la ou les valeurs spécifiées de la ou des charges constantes
doivent étre les puissances (utiles) assignées (voir 4.2.1 a 4.2.8).

Pour les services types S9 et S10, la valeur de référence de la charge fondée sur le service
type S1 doit étre prise comme puissance (utile) assignée, (voir 4.2.9 et 4.2.10).

55 _Pui (utile) N

5.5.1 Génératrices de courant continu

La puissance (utile) assignée est la puissance (utile) aux bornes et elle doit étre exprimge en
wattg (W).

5.5.2 Alternateurs

La puissance (utile) assignée est la puissance électrique apparente @aux bornes et elle doit étre
exprimée en voltampeéres (VA), complétée par I'indication du facteunde puissance.

Le facteur de puissance assigné des alternateurs synchrones doit étre de 0,8 inductif
(surexcité), sauf spécification contraire de 'acheteur.

NOTE| Un diagramme de capacité P-Q (graphique de puissanCe)/indiquant les limites de fonctionnement fournit
plus dlinformations détaillées sur la performance du générateur.

5.5.3 Moteurs

La puissance (utile) assignée est la puissance mécanique disponible sur I'arbre et elle doif étre
exprimée en watts (W).

NOTE| Il est d’'usage dans un certain nombre de pays d’exprimer aussi la puissance mécanique disponiljle sur
I’arbrg en chevaux-vapeur (h.p. - horsepower) (1 h.p. équivaut a 745,7 W; 1 ch (cheval ou horsepower méfrique)
équivgut a 736 W).

5.5.4 Compensateurs synchrones

La puissance (utile) assignée est la puissance réactive aux bornes et elle doit étre exprimg¢e en
voltampéres (VA) en_régime capacitif (sous-excité) et en régime inductif (surexcité).

5.6 | Tension<@assignée

5.6.1 Geénératrices de courant continu

Pourlles_génératrices de courant continu prévues pour fonctionner dans une plage de tensions
d’étendue relativement faible, la puissance (utile) assignée et le courant assigné doivent, sauf
spécification contraire, étre applicables a la limite supérieure de la plage de tensions (voir
également 7.3).

5.6.2 Alternateurs
Pour les alternateurs prévus pour fonctionner dans une plage de tensions d’étendue

relativement faible, la puissance (utile) assignée et le facteur de puissance assigné doivent,
sauf spécification contraire, étre applicables a toute tension de la plage (voir également 7.3).

5.6.3 Moteurs a courant alternatif

Les moteurs a courant alternatif peuvent avoir deux tensions assignées ou plus, ou encore une
plage de tension assignée, selon l'indication de la plaque signalétique (voir 10.4.2). Dans
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I’ensemble de ces cas, les variations de tension (et de fréquence) supplémentaires selon 7.4
sont valables et n’ont pas besoin d’étre indiquées séparément.

5.7 Combinaison préférentielle des tensions et des puissances (utiles)

La pratique n’est pas de construire des machines de toutes caractéristiques assignées pour
toutes les tensions assignées. En général, pour les machines a courant alternatif, en se fondant
sur des considérations de conception et de fabrication, les tensions assignées préférentielles
supérieures a 1 kV sont indiquées dans le Tableau 1, en fonction des puissances (utiles)
assignées.

Tableau 1 — Tensions assignées préférentielles

Tension assignée Puissance (utile) assignée minimale
kV kW (ou kVA)
1,0<Uy=3,0 100
3,0<Uy=6,0 150
6,0 <Uy=11,0 800
11,0 < Uy = 15,0 2 500

5.8 | Machines ayant plus d’un ensemble de caractéristiques assignées

Pour|les machines qui ont plus d’'un ensemble de caractéristiques assignées, la maching doit
étre [conforme, a tous points de vue, au présent document pour chaque ensemble de
caragtéristiques assignées.

Pour|les machines a plusieurs vitesses, des ‘caractéristiques assignées doivent étre attrijuées
pour[chaque vitesse.

Quarjd une grandeur assignée (puissance utile, tension, vitesse, etc.) peut avoir par hypothése
plusieurs valeurs ou varier constamment entre deux limites, les caractéristiques assignées
doivgnt étre précisées a cesaleurs ou limites. Cette disposition ne s’applique ni aux variations
de tgnsion et de fréquence ‘en fonctionnement définies en 7.3, ni au montage étoile-trigngle
pour[le démarrage.

6 Conditions de fonctionnement sur site

6.1 Généralités

Sauf|spécification contraire, les machines doivent étre appropriées aux conditions sur sife ci-
apres avl’extérieur du carter pendant le fonctionnement, pour I'arrét, le stockage et le trangport.
Les températures froides a I'entrée du fluide de refroidissement pour différents types de
refroidissements sont spécifiées dans le Tableau 5. Pour des conditions de fonctionnement sur
site différentes de ces valeurs, des corrections sont données dans I'Article 8.

Les machines fonctionnant a I’extérieur de la plage de conditions sur site normalisées doivent
nécessiter une attention spéciale.

6.2 Altitude

L’altitude ne doit pas dépasser 1 000 m au-dessus du niveau de la mer. Pour les altitudes
supérieures, le fait que la distance de claquage diminue en fonction de la diminution de la
pression atmosphérique doit étre pris en considération dans la conception de la machine.
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6.3

La te

6.4

Température maximale de I’air ambiant

mpérature de I'air ambiant ne doit pas dépasser 40 °C.

Température minimale de I’air ambiant

Sauf accord contraire conclu entre le constructeur et le client, la température de I'air ambiant
ne doit pas étre inférieure a -15 °C pour toutes les machines, excepté les machines équipées
d’un ou plusieurs des éléments suivants; pour lesquelles la température de I'air ambiant ne doit
pas étre inférieure a 0 °C:

a) u
b) u
c) u
d) u
e)

6.5
Pour

temp
refro

6.6

Quar

200 1 \AL [ L\ LA 4000 H-—
YUU NVV AUU NV A YAl LA AARLLLLEI y

re-ptissance{utiterassignée—supérietrea-3
he puissance (utile) assignée inférieure a 600 W (ou VA);
h collecteur;

N roulement a coussinet;

pau comme fluide de refroidissement primaire ou secondaire.

Température de I’eau de refroidissement

eratures de I'eau de refroidissement, voir le Tableau 100 La température de I'e
dissement ne doit pas étre inférieure a + 5 °C.

Arrét, stockage et transport

la température de référence de I'’eau de refroidissement, voirde-Tableau 5. Pour d’z;r.:tres

u de

d des températures inférieures a celles spécifiées en 6.4 sont susceptibles de se produire

duramt le transport, le stockage ou aprés installation a l'arrét, I'acheteur doit informier le

cons

Des
longd
égale
instry

6.7

ructeur et spécifier la température minimale-prévue.

mesures particuliéres peuvent étre_nécessaires avant d’alimenter la machine aprgs de

es périodes d’arrét, de stockagellet de transport. Des mesures particuliéres pe

ctions du constructeur.

Pureté de I’hydrogéne,de refroidissement

ivent

ment étre nécessaires durant les périodes de non-fonctionnement. Se reporterl aux

Les machines refroidies)a I’hydrogéne doivent étre capables de fonctionner a la puisgance

(utile
moin

Pour
ou da

assignée dans (es conditions assignées avec un fluide de refroidissement contena
5 95 % d’hydrogéne en volume.

des raisons de sécurité, il convient de toujours maintenir la teneur en hydrogene a

Pour

calculer le rendement conformément a I'lEC 60034-2 (toutes les parties), la compo

nt au

00 %

vantage;“en admettant par hypothése que I'autre gaz entrant dans le mélange est de|I'air.

sition

normalisée du mélange gazeux doit étre de 98 % d’hydrogéne et 2 % d’air en volume, a des
valeurs spécifiées de pression et de température du gaz refroidi, sauf accord contraire. Les

perte

s par ventilation doivent étre calculées a la densité correspondante.

7 Conditions de fonctionnement électriques

7.1

Alimentation électrique

Pour les machines triphasées a courant alternatif, 50 Hz ou 60 Hz, destinées a étre directement
reliées a un réseau de distribution ou d’utilisation, les tensions assignées doivent étre dérivées
des tensions nominales données dans I'lEC 60038.

NOTE Pour les machines a courant alternatif de forte puissance a haute tension, les tensions peuvent étre choisies

pour I’

obtention de caractéristiques de fonctionnement optimales.
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Pour les machines a courant alternatif connectées a des convertisseurs statiques, ces
restrictions sur la tension, la fréquence et la forme d’onde ne s’appliquent pas. Dans ce cas, le
choix des tensions assignées doit se faire par accord.

Pour les machines électriques aptes a fonctionner sur convertisseur ou congues pour
fonctionner sur convertisseur et équipées de systémes d'isolation de Type | ou Type Il selon
I'IEC 60034-18-41 ou I'l[EC 60034-18-42, le constructeur peut attribuer une classe d'isolation
de la tension de choc (IVIC - impulse voltage insulation class) pour le systéme d’isolation.

Dans le cas d'une machine électrique apte a fonctionner sur convertisseur ou congue pour
fonctionner _sur_convertisseur_dont la puissance assignée est supérieure a 1 kW _avec un
systdme d’isolation de Type | et une IVIC attribuée, il convient que le systéme d'isolation soit
approprié a une IVIC C entre phases et une IVIC B entre phase et terre, ou comme l'utilisateur
et le constructeur en ont convenu.

Dang le cas d'une machine électrique apte a fonctionner sur convertisseuryel congue [pour
fonctjonner sur convertisseur de tension assignée de Uy < 1 kV avec un systéme d’isolatipn de

Type|ll et une IVIC attribuée, il convient que le systéme d'isolation soit. approprié a une IYIC 5
entrel phases et une IVIC 4 entre phase et terre, ou comme l'utilisateur-et’le constructeur gn ont
convenu.

Dang le cas d'une machine électrique apte a fonctionner sur convertisseur ou congue [pour
fonctjonner sur convertisseur de tension assignée de Uy > %KV avec un systéme d'isolatipn de

Typelll, il reléve de la responsabilité du constructeur de,la’machine électrique de spécifjer la
capafité de tenue en impulsion de tension de l'isolation de I'’enroulement. Comme les topolpgies
d’entrainement varient de maniére importante, et puaisque les moteurs de forte puissance| sont
des thachines fonctionnant exclusivement sur convertisseur la plupart du temps congueg a la
demgnde selon les besoins, la pratique, dans_le“cas ou une IVIC est attribuée n’est pas de
défirl1Jr un niveau d’IVIC par défaut (voir '|ECAS 60034-25). Si la topologie du convertissepur de
fréguence et le systéme sont connus, I'IECTS 61800-8 peut étre utilisée pour donner une
indication de la tension de créte aux bornes de la machine et, de ce fait, I'lVIC nécessaife du
motepr.

Dang le cas ou une IVIC est attribuée, le niveau d’IVIC doit étre indiqué dans la documenfation
et de|préférence sur la plaque signalétique (voir I'Article 10).

NOTE| Pour plus d’informatiens.sur les considérations particulieres pour les machines alimentées par convertisseur,
voir I'lEC TS 60034-25.

Tout|transfert partbus ou réenclenchement rapide d’une machine a courant alternatif, tel qu’il
peut s’en produire, par exemple, en raison des exigences d’alimentation continue sous tepsion
des ¢odes de€ rgseau, peut conduire a des courants de créte trés élevés mettant en danger la
téte de 'enroulement statorique et a un couple de créte trés élevé pouvant atteindre 20 fpis le
coup|e assigné mettant en danger la structure mécanique comportant le couplage et le matériel
moteur.ol entraing, si le réenclenchement est effectué sans synchronisation. Un transfelft par
bus ou un réenclenchement rapide n’est donc admis que s’il est spécifié et accepté par le
constructeur de la machine électrique et du matériel entrainé.

Pour les machines a induction de caractéristiques assignées <10 MW ou MVA, un
réenclenchement lent dépassant 1,5 fois la constante de temps en circuit ouvert est admis s’il
est spécifié et accepté par le constructeur de la machine électrique et du matériel entrainé.
Pour les caractéristiques assignées > 10 MW ou MVA, il convient de déterminer le temps
minimal admis pour le réenclenchement lent par analyse transitoire du systéme au complet par
I'intégrateur de systéme et il est admis s’il est accepté par le constructeur de la machine
électrique et du matériel entrainé.
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