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Preface (UL)

This UL Standard is based on IEC Publication 60034-1: 13th edition, Rotating electrical machines — Part
1: Rating and performance. IEC publication 60034-1 is copyrighted by the IEC.

This is the UL Standard for Safety for Rotating Electrical Machines — Part 1: Rating and Performance. This
UL Part 1 is to be used in conjunction with the appropriate UL Part 2, UL 60034-2-1, which contains
clauses to supplement or modify the corresponding clauses in the Part 1, to provide relevant requirements
for each type of product.

The text, fig
the conser]
material ha
reproductio
requiremen
60034-1 m
642-4900.

Note — Althou
responsibility

)
s been reproduced with permission from ANSI. ANSI should be contacted re
n of any portion of the IEC material. The IEC Foreword and Introduction arenot a
ts of this Standard but are included for information purposes only. Copigs of IEC
ay be purchased from ANSI, 11 West 42nd Street, New York, New York, 1(

gh the intended primary application of this Standard is stated in its Scopenitis important to note that
pf the users of the Standard to judge its suitability for their particular purpose.

andard with
copyrighted
hjarding the
part of the
Publication
036, (212)

it remains the
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES - Part 1: Rating and performance
FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes

International §
referred to as
in the subject
liaising with

Standardizatid

2) The formal
opinion on thq

3) IEC Public
sense. While

held responsible for the way in which they are used or for any misinterpretation by any end user.

4) In order to
maximum exf{
corresponding

5) IEC itself d
and, in some
certification b

6) All users s

7) No liability
technical con
whatsoever,

reliance upon

8) Attention is|
correct applic

tandards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Gui
“IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Commi
dealt with may participate in this preparatory work. International, governmental and non-governmental
he IEC also participate in this preparation. IEC collaborates closely with the Interniational Or
n (ISO) in accordance with conditions determined by agreement between the two organizations.

decisions or agreements of IEC on technical matters express, as nearly as possible, an international
relevant subjects since each technical committee has representation from all interested IEC National

tions have the form of recommendations for international use and are-accepted by IEC National Com
all reasonable efforts are made to ensure that the technical contefit of IEC Publications is accurate, |

lent possible in their national and regional publicatiens: Any divergence between any IEC Public
national or regional publication shall be clearly indicated in the latter.

bes not provide any attestation of conformity..lddependent certification bodies provide conformity assesg
areas, access to IEC marks of conformity. IEC is not responsible for any services carried out b
dies.

ould ensure that they have the latest edition of this publication.

shall attach to IEC or its\directors, employees, servants or agents including individual experts and nj
mittees and IEC National Committees for any personal injury, property damage or other damage
hether direct or_ indifect, or for costs (including legal fees) and expenses arising out of the publicati
this IEC Publi€ation or any other IEC Publications.

drawn:tosthe Normative references cited in this publication. Use of the referenced publications is indispg
htion ‘ofthis publication.

ldes (hereafter

tee interested
organizations
anization for

consensus of

Committees.

Mmittees in that
EC cannot be

promote international uniformity, IEC National Committeesyiindertake to apply IEC Publications transparently to the

htion and the

ment services

independent

embers of its
pf any nature
bn, use of, or

nsable for the

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

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

machinery.

This thirteenth edition cancels and replaces the twelfth edition published in 2010. It constitutes a technical

revision.

The main technical changes with regard to the previous edition are as follows:
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Clause or subclause
3.25
55.2
6.4
6.6
71

7.2.4
7.3
7.5
8.3.4

Change
Shorter time to thermal equilibrium
Note on P-Q capability diagram for synchronous generators
Clarification added that other conditions can be agreed on
Clarification added that standstill is explicitly included; note added
Clarification on bus transfer or fast reclosing
Capability to withstand impulse voltages in case of machines connected to a U converter
New Table 3 for identification code
Table 4 corrected to reflect current scope of IEC 60034-3
Voltage withstand level for machines connected to a converter
Measurement of ambient air temperature in case of open machines

8.6.3.4

8.10

9.1
9.2

10.2

12.2

13.1

13.3
13.5
Annex B

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

Notes on ETD in the end windings of high voltage machines and on ETD use to monitor |strand
blockage in case of directly liquid cooled windings

Clarification on temperature limit

Clarification on temperature difference between method R and method ETD
Clarification that temperature limit acc. to method R must always be kept
Note on measured temperature limits between methods R and ETD

Table 8 and Table 11 extended incorporating thermal class 200 (N)

Line 4c) of Table 8 restricted to field windings of DC machines

Temperature limits in Table 8 changed according to 2/1737/D€"and the comments receijed on this
document

Physically correct formula in Table 10, item 1b

Clarification on machines that are subject to routine~tésting

Separate withstand voltage testing of phases

Clarification on frequency and time instant forWithstand voltage test
Note on leakage current during withstand Voltage test

Note referring to IEC 60027

Information on IVIC on rating plate orin documentation

Clarification added to item f

IC code and design letter for.Jocked-rotor apparent power on rating plate
Clarification on cross-sectiohal area of earthing conductor for generators
Note on grounding for,small machines added

Tolerance on fieldvcurrent of synchronous machines added

Tolerance on power factor applies also for PM synchronous machines operated directly 3t the lines
Contradictidn between tolerances on efficiency and on losses clarified
Changed-as proposed by ACEC

Note( fof Targe generators added

Changed as proposed by ACEC

€hanged as proposed by ACEC

DC power supply added

FDIS Report on voting

2/1857/FDIS 2/1863/RVD

Full information on the voting for the approval of this standard can be found in the report on voting
indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60034 series, published under the general title Rotating electrical machines,
can be found on the IEC website.
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NOTE A table of cross-references of all IEC TC 2 publications can be found in the IEC TC 2 dashboard on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until the stability
date indicated on the IEC website under “http://webstore.iec.ch” in the data related to the specific
publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended
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ROTATING ELECTRICAL MACHINES - Part 1: Rating and
performance

1 Scope

This part of IEC 60034 is applicable to all rotating electrical machines except those covered by other IEC

standards,

for example, IEC 60349.

Machines within the scope of this document may also be subject to superseding, modifying or additional

requireme

ts in other standards, for example, IEC 60079 and IEC 60092

NOTE If partid
or machines f

2 Normatiye references

The follow
constitutes
undated re

IEC 60027
IEC 60027

IEC 60034
and efficien

IEC 60034
driven by s

IEC 600344
of rotating

IEC 60034
IEC 60034

IEC 60034
three-phas

ular clauses of this document are modified to meet special applications, for example machines subject
pr aerospace, all other clauses apply insofar as they are compatible.

ng documents are referred to in the text in such a way that(:seme or all of th
requirements of this document. For dated references, only_the edition cited g
erences, the latest edition of the referenced document (including any amendment
1, Letter symbols to be used in electrical technology £ Part 1: General

4, Letter symbols to be used in electrical technology — Part 4: Rotating electric mé

2 (all parts), Rotating electrical machines < Part 2: Standard methods for determ
cy from tests (excluding machines for traction vehicles)

3, Rotating electrical machines —\Rart 3: Specific requirements for synchronous
team turbines or combustion gas\turbines

5, Rotating electrical machines — Part 5: Degrees of protection provided by the intq
blectrical machines (IP €ode) — Classification

6, Rotating electrical machines — Part 6: Methods of cooling (IC code)
8, Rotating électrical machines — Part 8: Terminal markings and direction of rotati

-12:2016) *Rotating electrical machines — Part 12: Starting performance of s
b cage-induction motors

0 radioactivity

eir content
pplies. For
5) applies.

ichines

ning losses

generators

gral design

pn

inglespeed

IEC 60034
stator coils

AL Deodod: / s ] ot o R N P | I 14 HTAs ol | I £
o, nulatimiyg cicutriear miacriimics — Imalrt 1J. TTTPouioC vuIllayc witliolarid 1eveios Ul

for rotating a.c. machines

‘orm-wound

IEC 60034-18 (all parts), Rotating electrical machines — Part 18: Functional evaluation of insulation

systems

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


https://ulnorm.com/api/?name=UL 60034-1 2018.pdf

SEPTEMBER 18, 2018

UL 60034-1 (IEC 60034-1:2017)

1

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

IEC 60034-29, Rotating electrical machines — Part 29: Equivalent loading and superposition techniques —

Indirect tes

ting to determine temperature rise

IEC 60034-30-1, Rotating electrical machines — Part 30-1: Efficiency classes of line operated A.C. motors

(IE-code)

IEC 60038, /EC standard voltages

IEC 60050t4t+:1996internatiomat-Etectrotechnicat-Yocabutary(HEV—=Chapter—=++—Fotatin
IEC 6006011, High-voltage test techniques — Part 1: General definitions and test requiréments$
IEC 60072|(all parts), Dimensions and output series for rotating electrical machines

IEC 60085] Electrical insulation — Thermal evaluation and designation

IEC 6020411, Safety of machinery — Electrical equipment of machines_~Rart 1: General requ
IEC 60204111, Safety of machinery — Electrical equipment of machines — Part 11: Requirem
equipment|for voltages above 1 000 V a.c. or 1 500 V d.c. andnot exceeding 36 kV

IEC 6033511:2010, Household and similar electrical appliances — Safety — Part 1: General rg
IEC 60448, Basic and safety principles for mansmachine interface, marking and idern
Identificatign of equipment terminals, conductor terminations and conductors

IEC 60664
requiremer

IEC 61148
equipment

IEC 61293

CISPR 11,
Limits and

CISPR 14
tools and s

-1, Insulation coordination for equipment within low-voltage systems — Part 1:
ts and tests

, Terminal markings for\valve device stacks and assemblies and for power

Marking of electfical equipment with ratings related to electrical supply — Safety re

Industrial, «scientific and medical equipment — Radiofrequency disturbance charz
methods ‘of-measurement

(allparts), Electromagnetic compatibility — Requirements for household appliand
imilar apparatus

g machines

jrements

ents for HV

quirements

tification —

Principles,

conversion

quirements

cteristics —

es, electric

CISPR 16 (all parts), Specification for radio disturbance and immunity measuring apparatus and methods

3 Terms a

nd definitions

For the purposes of this document, the terms and definitions in IEC 60050-411, some of which are
repeated here for convenience, 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 manufacturer and purchaser’.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

¢ [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.

[SOURCE:
3.2

rating

set of rated

[SOURCE:

3.3

rated outpr

value of th

3.4

load

all the valu
signify the

[SOURCE:

3.5
no-load <d
state of a n

[SOURCE:
3.6
full load

load which

[SOURCE:

IEC 60050-411:1996, 411-51-23]

values and operating conditions

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

t
output included in the rating

bs of the, in case of a generator, electricakand, in case of a motor, mechanical qu
Hemand made on a rotating machine by, an electrical circuit or a mechanism at a g

IEC 60050-411:1996, 411-51-01, smodified:modification indicated in italics]
peration>
hachine rotating with zere‘output power (but under otherwise normal operating cor

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

causes a’machine to operate at its rating

IEC 60050-411:1996, 411-51-10]

antities that
ven instant

ditions)

3.7

full load value
quantity value for a machine operating at full load

Note 1 to entry: This concept applies to power, torque, current, speed, etc.

[SOURCE:

IEC 60050-411:1996, 411-51-11]
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3.8
de-energized and rest
complete absence of all movement and of all electrical supply or mechanical drive

[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:[tE€-66050=41+1-1996; 41151061

3.10

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

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

3.11
cyclic duration factor
ratio betweeen the period of loading, including starting and electric braking, and the duration |of the duty
cycle, exprgssed as a percentage

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

3.12
locked-rotpr torque
smallest mpasured torque the motor develops at its shaft and with the rotor locked, over all|its angular
positions, gt rated voltage and frequency:

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

3.13
locked-rotpr current
greatest stpady-state «.m.s. current taken from the line with the motor held at rest, over |all angular
positions of its rotorSat-rated voltage and frequency

[SOURCE:|IEC 60050-411:1996, 411-48-16]

3.14

pull-up torque <of an a.c. motor>

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

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

Note 2 to entry: In addition to the steady-state asynchronous torques, harmonic synchronous torques, which are a function of rotor
load angle, will be present at specific speeds.
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At such speeds, the accelerating torque may be negative for some rotor load angles.

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

3.15

breakdown torque <of an a.c. 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 entfy—THiS OEfmitiorT does TTot apply 10 TTotoTsS Wit toTqueS that cContmuaty 0ecrease Wit iTerease 1T Speep.

3.16
pull-out torque <of a synchronous motor>
maximum forque which the synchronous motor develops at synchronous speed with rated voltage,
frequency @nd field current

3.17

cooling
procedure py means of which heat resulting from losses occurring irnka machine is given up tp 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]

3.19
primary cqolant
medium, liquid or gas, which, being at a lower temperature than a part of a machine and in gontact 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, removgs 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]
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3.21
direct cool

ed winding

inner cooled winding
winding mainly cooled by coolant flowing in direct contact with the cooled part through hollow conductors,
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 indirect cooled winding is implied.

[SOURCE:

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

3.22
indirect cd
any windin

Note 1 to entr]

[SOURCE:

3.23

suppleme
independe
electric shq

3.24

moment o
sum (integ
from a givg

3.25
thermal eq
state reach
a gradient

Note 1 to enti
at the beginni
per hour.

[SOURCE:

3.26
thermal ed

oled winding
h other than a direct cooled winding

y: In all cases when ‘indirect’ or ‘direct’ is not stated, an indirect cooled winding is implied.

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

tary insulation
ck in the event of failure of the main insulation
inertia

al) of the products of the mass elements ef‘a body and the squares of their dista
n axis

uilibrium
ed when the temperature risés of the several parts of the machine do not vary by
bf 1 K per half hour

y: Thermal equilibrium may,be determined from the time-temperature rise plot when the straight lines b
hg and end of two syccessive intervals of half hour each have a gradient of 1 K or less per half hour

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

uivalent time constant

t insulation applied in addition to the main insulation in’order to ensure protection against

nces (radii)

more than

etween points
or 2 K or less

time const

temperature course in a winding after a step-wise current change

3.27

encapsulated winding

winding wh

[SOURCE:

ich is completely enclosed or sealed by moulded insulation

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

ant, replacing several individual time constants, which determines approximately the
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