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EQREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization\com
national electrotechnical committees (IEC National Committees). The object of IEC iS¢ to pr
rnational co-operation on all questions concerning standardization in the electrical and ele€tronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific
Reports, Publicly Available Specifications (PAS) and Guides (hereafter (referred to as
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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:

bd

cubciause Ghange
3.25 Stortertimetothermmratequitibriom
5.5.2 Note on P-Q capability diagram for synchronous generators
6.4 Clarification added that other conditions can be agreed on
6.6 Clarification added that standstill is explicitly included; note added
71 Clarification on bus transfer or fast reclosing
Capability to withstand impulse voltages in case of machines connected to a U converter
7.2.4 New Table 3 for identification code
7.3 Table 4 corrected to reflect current scope of IEC 60034-3
7.5 Voltage withstand level for machines connected to acconverter
8.3.4 Measurement of ambient air temperature in case of\open machines
8.6.3.4 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
8.10 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-ih Table 8 changed according to 2/1737/DC and the comments receiv
on this document
Physicallytcorrect formula in Table 10, item 1b
9.1 Clarification on machines that are subject to routine testing
9.2 Separate withstand voltage testing of phases
Clarification on frequency and time instant for withstand voltage test
Note on leakage current during withstand voltage test
Note referring to IEC 60027
10.2 Information on IVIC on rating plate or in documentation
Clarification added to item f
IC code and design letter for locked-rotor apparent power on rating plate
1.1 Clarification on cross-sectional area of earthing conductor for generators
Note on grounding for small machines added
12.2 Tolerance on field current of synchronous machines added
I'I_'olerance on power factor applies also for PM synchronous machines operated directly at the
ines
Contradiction between tolerances on efficiency and on losses clarified
13.1 Changed as proposed by ACEC
Note for large generators added
13.3 Changed as proposed by ACEC
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13.5 Changed as proposed by ACEC
Annex B DC power supply added
The text of this standard is based on the following documents:
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 repa
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1 Scope

2017

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

by ot

Mach
addit

NOTE|
subjed

er |EC standards, for example, IEC 60349.

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.

If particular clauses of this document are modified to meet special applicationsjfor’ example ma
t to radioactivity or machines for aerospace, all other clauses apply insofar as they are 'compatible.

2 Normative references

The
contg
cited
any g

IEC §

IEC
mach

IEC {

following documents are referred to in the text in such{a,way that some or all of
nt constitutes requirements of this document. For dated references, only the e

mendments) applies.
0027-1, Letter symbols to be used in electrical technology — Part 1. General

50027-4, Letter symbols to be used in electrical technology — Part 4: Rotating eleg
ines

0034-2 (all parts), Rotating~electrical machines — Part 2: Standard method

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

IEC ¢
gene

IEC ¢
integ

IEC ¢

IEC {

0034-3, Rotating electrical machines — Part 3: Specific requirements for synchro
rators driven by steam turbines or combustion gas turbines

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

0034-6,\Rotating electrical machines — Part 6: Methods of cooling (IC code)

0034-8, Rotating electrical machines — Part 8: Terminal markings and directid

ng or

Chines

their
dition

applies. For undated references, the latest edition of'the referenced document (inclyiding

trical

U

5 for

nous

the

n of

rotat

on

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

IEC 60034-15, 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

insulating insulation systems
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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

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 testing to determine temperature rise

IEC $0034-30-1, Rotating electrical machines — Part 30-1: Efficiency classes ofAine opefated
A.C. Imotors (IE-code)

IEC 60038, IEC standard voltages

IEC 60050-411:1996, International Electrotechnical Vocabulary (IEV).= Chapter 411: Rofating
machines

IEC 60060-1, High-voltage test techniques — Part 1: General dé&finitions and test requirements
IEC 60072 (all parts), Dimensions and output series forfotating electrical machines
IEC 0085, Electrical insulation — Thermal evaluation and designation

IEC §0204-1, Safety of machinery — Electftical equipment of machines — Part 1: Geperal
requirements

IEC 60204-11, Safety of machinery — Electrical equipment of machines — Parll 11:
Reqdirements for HV equipment for voltages above 1 000V a.c. or 1500V d.c. and not
excegding 36 kV

IEC 60335-1:2010, Household and similar electrical appliances — Safety — Part 1. General
requfrements

IEC 60445, Basic\and safety principles for man-machine interface, marking and identification
— Idéentification{of'equipment terminals, conductor-terminals terminations and conductors

IEC 60664-1, Insulation coordination for equipment within low-voltage systems — Part 1:
Prindiples, requirements and tests

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

IEC 61293, Marking of electrical equipment with ratings related to electrical supply — Safety
requirements
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CISPR 11, Industrial, scientific and medical equipment — Radiofrequency disturbance
characteristics — Limits and methods of measurement

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

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

3 Terms and definitions

For th
are rg

NOTE|1 For definitions concerning cooling and coolants, other than those in 3.17 to 3.22eference—shof
madefto see IEC 60034-6.

NOTE|2 For the purposes of this document, the term ‘agreement’ means ‘agreemept between the manufg
and purchaser’.

ader]

i

3.1

rated value

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

Note 1 to entry: The rated voltage or voltage“range is the rated voltage or voltage range between lines

terminals.

[SOYRCE: IEC 60050-411:19965,411-51-23]

3.2

rating

set of

[SOURCE: IEC60050-411:1996, 411-51-24]

3.3
rated
valu

30 Online browsing platform: available at http://wwi.iso.org/obp

e purposes of this document, the terms and definitions in IEC 60050-411, some.of \
peated here for convenience, and the following apply.

nd IEC maintain terminological databases for use in standardization at the follg
sses:

C Electropedia: available at http://www.electropedia.org/

rated values and_operating conditions

output

vhich

bHd—be

cturer

wing

of a

at the

of'the output included in the rating

34
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
conditions)
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[SOURCE: IEC 60050-411:1996, 411-51-02, modified: modification indicated in italics]

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

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

3.7
full load value
quan ih}/ value for a machine npnr:\fing 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
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,
electfic braking, no-load and rest and de-energized‘periods, and including their durationg and
sequence in time

[SOYRCE: IEC 60050-411:1996, 411-51-06]

3.10
duty|type
contipuous, short-time or periodic duty, comprising one or more loads remaining constant for
the duration specified, or a non-speriodic duty in which generally load and speed vary within
the permissible operating rahge

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

3.11
cyclilc duration’factor
ratio [petween_the period of loading, including starting and electric braking, and the duratipn of
the duty eyele, expressed as a percentage

SOL’Df‘E [ =l NN A444-41000 444 _L£A4 Q1
NUL. TLU UUUJU™T T T. TUJU, T TTJTTUJ]

3.12

locked-rotor torque

smallest measured torque the motor develops at its shaft and with the rotor locked, over all its
angular 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 motor held at rest, over all
angular positions of its rotor, at rated voltage and frequency
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[SOURCE: IEC 60050-411:1996, 411-48-16]

3.14
pull-

up torque <of an a.c. motor>

2017

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 conti
decreases with increase in speed.

nually

are a

Note 2-to-entryi—In-addition-to-the-steady-state-asynchronous-torgues—harmonic-synchronous-torgues—whic
T P4 <t T P4 <t g

functi
At sug

Exper
torque

3.15
brea
maxi
in sp

Note
speed

3.16
pull-
maxi
volta

3.17
cool
proc
a pri
coolg

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

3.18

coolant

medipm, liquid of.gas, by means of which heat is transferred

[SOU

3.19

J J
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 a.c. motor>
mum steady-state asynchronous torque which the motor develeops without an abrupt
bed, when the motor is supplied at 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, frequency and field current

ng

dure by means of which heat resulting from losses occurring in a machine is given
ary coolant, which may be continuously replaced or may itself be cooled by a secor
nt in a heat exchanger

RCE=IEC 60050-411:1996, 411-44-02]

jonous

drop

Bse in

rated

up to
dary

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
seco

ndary 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

exter

nal surface of the machine

[SOURCE: IEC 60050-411:1996, 411-44-04]
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3.21

direct cooled 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
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 isximplied.

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

3.23
supplementary insulation
indegendent insulation applied in addition to the main insulatiof in order to ensure protgction
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
distapces (radii) from a given axis

3.25
thermal equilibrium
state| reached when the temperature risés of the several parts of the machine do not vafy by
more{ than a gradient of-2 1 K per half hour

Note 1 to entry: Thermal equilibrium(nray be determined from the time-temperature rise plot when the sfraight
lines between points at the beginning*and end of two successive-reasenable intervals of half hour each Have a
gradignt of 1 K or less-than 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 t¢mperaiure course in a winding after a step-wise current change

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 d.c. motor armature from a static power
converter

ratio of the r.m.s. maximum permissible value of the current /¢ o\ tO its average value 7,

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

Irms, maxN

kin =
[avN
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3.29

current ripple factor

ratio of the difference between the maximum value /., and the minimum value /I, of an
undulating current to two times the average value I,, (mean value integrated over one
period):

[max _[min

7= 2x1gy,

Note 1 to entry: For small values of current ripple, the ripple factor may be approximated by the following
expression:

o Imax _Imin
qi =
Tmax + Imin

Note 3 to entry: The above expression may be used as an approximation if the resulting calculated value ¢f ¢, is
equal fto or less than 0,4.

3.30
tolerpnce
permijitted deviation between the declared value of a quantity and the measured value

3.31
type|test
test ¢f one or more machines made to a certain design to{show that the design meets certain
specffications

Note 1 to entry: The type test may also be considered valid\fit is made on a machine which has minor devifations
of ratipg or other characteristics. These deviations should be._subject to agreement.

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

3.32
routine test
test fo which each individual machine is subjected during or after manufacture to ascertain
whether it complies with certain(criteria

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

3.33
runaway speed
maximum speé€d-attained by the engine/generator set after removal of the full load of the
generator if.the speed regulator does not function

Note 1 to_entry: For motors, the maximum overspeed at loss of supply is meant that a motor might reach fdriven
by the| coupled equipment

[SOURCE: IEC 60050-411:1996, 811-17-23]

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 a time sequence graph of the variable quantities;
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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 value of the load.

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-meter machine
(J\m) or the relative thermal life expectancy (TL), see Annex A. These values are provided by
the manufacturer.

Whele the purchaser does not declare a duty, the manufacturer shall assume that.duty|type
S1 (qontinuous 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 feach
thermal equilibrium, see Figure 1.

The @ppropriate abbreviation is S1.
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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 de-energized and at rest 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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“A

>

Key

P load

P, electrical losses

® temperature

0 nax maximum temperature attained
t time

At, operation time at constant load

P

Figure 2 — Short-time duty — Duty type S2

4.2.3 Duty type S3 - Intermittent periodic duty

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

A sequence of identical duty cycles, each including a time of operation at constant load and a
time de-energized and at rest, 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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A
Y

Y

2

C

Key

P load

Py electrical losses

® temperature

O nax maximum temperature attained
t time

Te time of one load cycle

Atp operation time at constant load
Atg time de-energized and at rest

Cyclic duration factor = A#,/T

Figure 3 — Intermittent periodic duty — Duty type S3

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

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

The appropriate abbreviation is S4, followed by the cyclic duration factor, the moment of
inertia of the motor (Jy) and the moment of inertia of the load (J,,), both referred to the motor
shaft.

Example: S4 25 % J,, = 0,15 kg x m2 Joxt = 0,7 kg x m?:
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P load t time
P, electrical losses T time of one load cycle
@ temperature Atp starting/accelerating time
O ax maximum temperature attained Atp operation time at constant
load
Atg time de-energized and at rest

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

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 de-energized and at rest, see
Figure 5.

The appropriate abbreviation is S5, followed by the cyclic duration factor, the moment of
inertia of the motor (Jy) and the moment of inertia of the load (J,,), both referred to the motor
shaft.
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Example: S5 25 % J,, = 0,15 kg x m2 Joxt = 0,7 kg x m?
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Figure 5 — Intermittent periodic duty with electric braking — Duty type S5

4.2.6 Duty type S6 — Continuous operation periodic duty

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

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 de-energized and at rest, see
Figure 6.

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

Example: S6 40 %
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Cyclic duration factor = At,/T

Figure 6 — Continuous operation periodic duty — Duty type S6

4.2.7 Duty type S7 — Continuous operation periodic duty with electric braking

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

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 de-energized and at
rest, see Figure 7.

The appropriate abbreviation is S7, followed by the moment of inertia of the motor (J);) and
the moment of inertia of the load (J,,), both referred to the motor shaft.

Example: S7 J,, = 0,4 kg x m? Joyt = 7,5 kg x m?
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Figure 7 £ Continuous operation periodic duty with electric braking — Duty type $7

4.2.8 Duty type S8 — Continuous operation periodic duty with related load/speed
changes

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

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 de-energized and at rest (see Figure 8).

The appropriate abbreviation is S8, followed by the moment of inertia of the motor (J);) and
the moment of inertia of the load (J,,¢), both referred to the motor shaft, together with the
load, speed and cyclic duration factor for each speed condition.
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Example: S8 J,, = 0,5 kg x m? Jour = 6 kg x m? 16 kW 740 min~" 30 %
40 kW 1 460 min™" 30 %
25 kW 980 min~" 40 %
T
P < gl

|
i
[

Key

P load t time

P, electrical losses T time of one load cycle

[©) temperature Atp starting/accelerating time

® maximum temperature attained  Ar operation time at constant load

max P

(P1, P2, P3)

speed At time of electric braking (F1, F2)

N

F
CycClic duration tTactor = (AZD +AIP1)IIC, (AZF1 +AIP2)IIC, (AZFZ +AZP3)I1C

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.
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P o reference load Atp
Py electrical losses Aty
® temperature Atp
O max maximum temperature attained Atg
n speed Atg

time

starting/accelerating time

operation time at constant
load

time of electric braking
time de-energized and at rest

time under overload

Figure 9—'Duty with non-periodic load and speed variations — Duty type S9

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

A du : r\nnclehnn of 3 epnr\lfln number of discretevalues of load /nr nqlll\/nlnnf Inarhng) d

Vet

nd if

applicable, speed each load/speed combination being mamtamed 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 de-energized and at rest).

The appropriate abbreviation is S10, followed by the per unit quantities p/At 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 de-energized and at rest, the load shall be indicated by the

letter r.

Example: S10 p/At = 1,1/0,4; 1/0,3; 0,9/0,2; r/0,1 TL = 0,6


https://iecnorm.com/api/?name=041478fa591c4c5139b120bcaa80be68

IEC 60034-1:2017 RLV © IEC 2017 - 27 -

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.

NOTE 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
expectancy.
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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.

Special considerations are required when assigning ratings to machines fed from' or supglying
statig converters. HEC—60034-47 |IEC TS 60034-25 gives guidance—feor—the—case—ofjcage
lndugiionraetorccovcrod n 20 2002/ 20 on ihis,

5.2 | Classes of rating
5.21 Rating for continuous running duty

A ratjng at which the machine may be operated for an unlimited 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 besoperated for a limited period, starting at amppient
tempgrature, while complying with the réquirements 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-decument.

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

Unless{otherwise specified, the duration of a duty cycle shall be 10 min and the ¢yclic

durationfactorshall be one of the fnlln\ming 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 de-energized and at rest. Considerations for the application of this class of rating are
giver in Annex A

This [class of rating corresponds to the duty type S10 and is designated as for the)duty|type
S$10.

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

5.2.6 Rating for equivalent loading

A rafing, for test purposes, at which the machine may be operated at constant load|until
thermal equilibrium is reached and which results in the same, stator winding temperature rise
as the average temperature rise during one load cycle of the'spécified duty type.

NoTE| The determination of an equivalent rating should.take account of the varying load, speed
and ¢ooling of the duty cycle.

This plass of rating, if applied, is designated 'equ!:

5.3 | Selection of a class of rating

A mgchine manufactured for general putpose shall have a rating for continuous running|duty
and e capable of performing duty type S1.

If thg duty has not been specified by the purchaser, duty type S1 applies and the rnating
assigned shall be a rating for gontinuous 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 machine-is intended to supply varying loads or loads including a time of no-load or
timeq where the machine will be in a state of de-energized and at rest, 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 de-energized and at rest) 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:
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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.

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
ampe

The
other

NOTE
inform|

5.5.3

The
watts

NOTE
expre
736 W

AC generators

rated output is the apparent power at the terminals and shall be expre€ssed in
res (VA) together with the power factor.

ated power factor for synchronous generators shall be 0,8 lagging (over-excited), u
wise specified by the purchaser-

A P-Q capability diagram (power chart) indicating the limits of _operation, provides more dg
ation on generator’s performance.

Motors

rated output is the mechanical power availablecsat the shaft and shall be express
(W).

It is the practice in some countries for the mechanical power available at the shafts of motors
sed in horsepower (1 h.p. is equivalent to 745,7W; 1 ch (cheval or metric horsepower) is equival

).

5.5.4 Synchronous condensers

The

reacffve (var) in leading (under-exeited) and lagging (over-excited) conditions.

5.6
5.6.1

For ¢

Rated voltage
DC generatars

.C. generators-intended to operate over a relatively small range of voltage, the

outpdit and curfent shall apply at the highest voltage of the range, unless otherwise spec

See ¢

5.6.2

Iso 7.3.

AC generators

volt-

hless

tailed

ed in

to be
ent to

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

rated
ified,

For a.c. generators intended to operate over a relatively small range of voltage, the rated
output and power factor shall apply at any voltage within the range, unless otherwise
specified, see also 7.3.

5.7

Co-ordination of voltages and outputs

It is not practical to build machines of all ratings for all rated voltages. In general, for a.c.
machines, based on design and manufacturing considerations, preferred voltage ratings
above 1 kV 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

2017

5.8

For

Machines with more than one rating

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

respgcts at each rating.

For n

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

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

conti
provi
7.3 0

6 S

6.1

Unle
cond
cold

huously within two limits, the rating shall be stated at these values or limits.

sion does not apply to voltage and frequency variations during operation as defin
I to star-delta connections intended for starting.
bite-operating conditions
General
5s otherwise specified, machines shall¢be suitable for the following site—eper

tions outside the casing during operation, for standstill, storage and transportation
coolant inlet temperatures for different types of cooling are specified in Table 5. Fo

operating conditions deviating from those values, corrections are given in Clause 8.

MacH
cons

6.2

ines operating outside the\krange of the standard site conditions shall require sp
deration.

Altitude

The altitude shall nét exceed 1 000 m above sea-level.

6.3

Maximumambient air temperature

The ambient air temperature shall not exceed 40 °C.

6.4

in all

vary
This
Bd in

e
The
I site

ecial

i beTrtai |

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

for wh

ich the ambient temperature shall be not less than 0 °C-fora-machine-with-any-of-the

following:
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;

e) water as a primary or secondary coolant.
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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
expected minimum temperature.

NOTE[Spectarmeasures may be needed berore energizZimng e machine arter 1onger perfods or standstiit Storage
and trpnsportation. Special measures may also be needed during the un-operational periods. See manufacjurer’s
instrugtions.

6.7 | Purity of hydrogen coolant

Hydrpgen cooled machines shall be capable of operating at rated output under fated
cond|tions with a coolant containing not less than 95 % hydrogen by volume:

NOTE| For safety reasons, the hydrogen content should at all times be maintained at 90 % or more, it|being
assumled that the other gas in the mixture is air.

For |calculating efficiency in accordance with IEC 60034-2” (all parts), the standard
composition of the gaseous mixture shall be 98 % hydrogen-'and 2 % air by volume, gt the
spec|fied values of pressure and temperature of the(re-cooled gas, unless othefwise
agreed. Windage losses shall be calculated at the corresponding density.

7 Electrical operating conditions

71 Electrical supply

For three-phase a.c. machines, 50 HZ or 60 Hz, intended to be directly connectdd to
distripution or utilisation systems,-the rated voltages shall be derived from the nominal
voltapes given in IEC 60038.

NOTE| For large high-voltage a.c{machines, the voltages may be selected for optimum performance.

For a.c.-meters—supphedifrom machines connected to static converters these restrictions on
voltape, frequency ahd waveform do not apply. In this case, the rated voltages shall be
seledted by agreement.

For glectricalmachines with Type | insulation systems according to IEC 60034-18-41, which
are $pecifically designed for supply by voltage source converters, the manufacturer can
assign &n)impulse voltage insulation class (IVIC) according to IEC 60034-18-41 fof the
insulatigpy system. In this case, the insulation system should be suitable for IVIC C for pn\ase-
to-phase an Or phase-to-ground Or as otherwise agreed to between the user and the
manufacturer. The IVIC level shall be given in the documentation and preferably on the
nameplate (see 10.2).

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

Any bus transfer or fast reclosing of an a.c. machine, as it might occur, for example, due to
the voltage ride through requirements of grid codes, can lead to very high peak currents
endangering the stator winding overhang and to a very high peak torque of up to 20 times
rated torque endangering the mechanical structure including the coupling and the driven or
driving equipment. Bus transfer or fast reclosing is therefore only allowed if specified and
accepted by the manufacturers of electric machine and driven equipment. For ratings
<10 MW or MVA, slow reclosing exceeding 1,5 times the open circuit time constant is
allowed, if specified and accepted by the manufacturers of the electric machine and the driven
equipment. For ratings > 10 MW or MVA, the allowed minimum time for slow reclosing should
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be determined by transient analysis of the complete system by the system integrator and is
allowed if accepted by the manufacturers of the electric machine and the driven equipment.

7.2 Form and symmetry of voltages and currents
7.21 AC motors

7.21.1 AC motors rated for use on a power supply of fixed frequency, supplied from an
a.c. generator (whether local or via a supply network) shall be suitable for operation on a
supply voltage having a harmonic voltage factor (HVF) not exceeding:

— 002 forsingle-phase -motors—and three-phase motors—including-svnchronous-—motors but
o) 12 g Y T o)

ekcluding motors of design N (see IEC 60034-12), unless the manufacturer declares
otherwise.
0

03 for design N motors.

The HVF shall be computed by using the following formula:

k 2
HyF =3 o
n=2 n
wherp
u, |is the ratio of the harmonic voltage U, to the rated valtage Uy;
n is the order of harmonic (not divisible by three in“the case of three-phase a.c. motois);
k=1B.

Threg¢-phase a.c. motors shall be suitable for ‘operation on a three-phase voltage system
havirlg a negative-sequence component;not exceeding 1 % of the positive-sequence
component over a long period, or 1,5 % for & short period not exceeding a few minutes, gnd a
zero{sequence component not exceeding,1 % of the positive-sequence component.

Shodld the limiting values of the\’HH{VF and of the negative-sequence and zero-sequence
components occur simultaneously in service at the rated load, this shall not lead tg any
harmfful 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 particularly on |mixed
industfial and domesticisystems, supplies may be distorted beyond the limits set out above. Special arrangements
will then be necessary.

7.2.1.2 AC motors supplied from static converters have to tolerate higher harmonic

contents’ of the supply voltage; seeAE&@QOMJ—ﬁer—th&easMLeageﬁcneter%derhe
of 1O onN24 12 1E0 TO onNnnN24.9

PSS STz TG o OUUI5~2Z0-

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

7.2.2 AC generators

Three-phase a.c. generators shall be suitable for supplying circuits which, when supplied by a
system of balanced and sinusoidal voltages:

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

b) result in a system of currents where neither the negative-sequence component nor the
zero-sequence component exceed 5 % of the positive-sequence component.

The HCF shall be computed by using the following formula:
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HCF = | i2
n=2

where

n

i, is the ratio of the harmonic current 7, to the rated current I;

n is the order of harmonic;
k=13.

Should the limits of deformation and imbalance occur simultaneously in service at the rated

load,
that
shou

7.2.3

Unle
conti
exce
the r

Tabl

this shall not lead to any harmiul temperature in the generator and It IS recomme]
the resulting excess temperature rise related to the limits specified in this docu
d be not more than approximately 10 K.

Synchronous machines

bted current (Iy) does not exceed the values in Table 2 and(under fault conditions

2.

ded
ment

5s otherwise specified, three-phase synchronous machines shall be capable of operjating
huously on an unbalanced system in such a way that, with none,of the phase currents
eding the rated current, the ratio of the negative-sequence component of current (J,) to

shall

be prabIe of operation with the product of (IZ/IN)2 and time (7) ,not exceeding the valugs in
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Table 2 — Unbalanced operating conditions for synchronous machines

Item Machine type Maximum 7,/1, value for Maximum (IZIIN)2 x tin
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
2 Direct cooled (inner cooled) stator
and/or field windings
motors 0,08 15
generators 0,05 15
synchronous condensers 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 { °
>900 <1250 MVA @ 5
>1 250 <1600 MVA 0,05 5
@ Fpr these machines, the value of 7,/I, is calculated as follows:
A2 _ 0,08 _ Sn =350
I 3x10*
b Fpr these machines, the value of ([2/1N)2 x t, in seconds, is calculated as follows:
(IZIIN)2 x t =8 - 0,005 45 (S »350)
where in the two footnotes, S\\is'the rated apparent power in MVA.

7.2,

DC motors supplied from static power converters

In th¢ case of@-d.c. motor supplied from a static power converter, the pulsating voltagg and
currgnt affect the performance of the machine. Losses and temperature rise will increase
and the cemmutation is more difficult compared with a d.c. motor supplied from a purg d.c.
powdr 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:

where

[CCC— Uy —f~ 1]

CCC is the identification code-for-converterconnectionaccordingtotEC-60971 from Table 3,
which is based on IEC 61148;
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U.

terminals of the converter, in V;

aNn  consists of three or four digits indicating the rated alternating voltage at the input

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
Identification 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 Sameg ags/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 with any/static power converter, with or without
external inductance, provided that the rated form factor for which the motor is designed will
not be surpassed and that the insulation level of the motor armature circuit is appropriale for
the rated alternating voltage at the input terminals-of the static power converter.
In all cases, the undulation of the static power converter output current is assumed to he so
low gs to result in a current ripple factorgnot higher than 0,1 at rated conditions.
7.3 | Voltage and frequency variations during operation
For a.c. machines rated foruse on a power supply of fixed frequency supplied from an a.c.
genefator (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

Figune 11 for generatorsand synchronous condensers, and Figure 12 for motors.

For ¢
apply

only to the voltages.

A machihe ‘'shall be capable of performing its primary function, as specified in Tab

conti

.c. machinesy*when directly connected to a normally constant d.c. bus, zones A and B

le 4,

huously within zone A, but need not comply fully with its performance at rated vo

Itage

and

Temperature rises may be higher than at rated voltage and frequency.

requency (see rating point in Figures 11T and 1Z£), and may exnhibit some devialions.

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.

NOoTE+ In practical applications and operating conditions, a machine will sometimes be
required to operate outside the perimeter of zone A. Such excursions should be limited in
value, duration and frequency of occurrence. Corrective measures should be taken, where
practical, within a reasonable time, for example, a reduction in output. Such action may avoid

ared

uction in machine life from temperature effects.
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NOTE 1 The temperature-rise limits or temperature limits in accordance with this document apply at the rating
point and may be progressively exceeded as the operating point moves away from the rating point. For conditions
at the extreme boundaries of zone A, the temperature rises and temperatures typically exceed the limits specified
in this document by approximately 10 K.

NOTE 2 An a.c. motor will start at the lower limit of voltage only if its starting torque is adequately matched to the
counter-torque of the load, but this is not a requirement of this clause. For starting performance of design N
motors, see IEC 60034-12.

NOTE 3 For machines covered by IEC 60034-3, different voltage and frequency limits apply.

Table 4 — Primary functions of machines

Item Machiretype Primaryfonction

1 AC generator, excluding item 5 Rated apparent power (kVA), at rated power factor where-this is
separately controllable

2 AC motor, excluding items 3-and-5 Rated torque (Nm)

3 Synchronous motor-exeluding-item-5 | Rated torque (Nm), the excitation maintaining either rated fleld
current or rated power factor, where this js‘separately
controllable

4 Synchronous condenser-execluding Rated-apparent reactive power (kVVAr)within the zone
item-5 applicable to a generator, see Figure 11, unless otherwise
agreed

5 Furbine-type-machine Synchronous See |IEC 60034-3
generator driven by steam turbines
or combustion gas turbines with
rated output >10 MVA

6 DC generator Rated output (KW)

7 DC motor Rated torque (Nm), the excitation of a shunt motor maintairfing
rated speed,"where this is separately controllable
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Y Y
1,08 1,10
1,05 4
/’ﬂ 1,05
i 1 ,
/ T :
1,03 3
3 1’{\’2
. ‘-f' ’/ ‘\\-\-\\-"\-\.\_\H‘ _
1,03 " - : | 408
95 " 0,98 ° 1,00 ' 1,02 0,95 0,98 1,00 M,02
1 2 el 997
0,97 | e 0’8 |
1,0,95
0,95 4
0,92 0,90
IEC IEC
Key
X ax|s frequency p.u. 1 zone A
Y ax|s voltage p.u. 2 zone B (outside zone A)
3 rating point
Fidgure 11 — Voltagé and frequency limits Figure 12 — Voltage and frequency limits
for generators for motors
7.4 | Three-phase a.c. machines operating on unearthed systems
Threg¢-phase a.c. machines shall be suitable for continuous operation with the neutral jat or
near |learth potential. They shall also be suitable for operation on unearthed systems with one
|ine ht anarth natantial far infraniinant narindce Af chart Apiratinns fAr AvamanlA Ao rAa~EA for-

gt oot P otC Tt o T o qo et P T oo oo o — oot o, o S X P rie—oo—TCquirT

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.

NOTE 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.
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Voltage (peak and gradient) withstand levels

2017

For a.c.-meters 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 machines with a specified Impulse Voltage Insulation Class IVIC, see IEC 60034-18-41 in

the c

For K

For ¢

8 1

8.1

se of machines designed to operate without partial discharges
igh-voltage a.c.-meters machines, see also IEC 60034-15.

reepage and clearance distances of bare live copper, see IEC 60664-1.

[hermal performance and tests

Thermal class

A the¢rmal class in accordance with IEC 60085 shall be assigned to the insulation systems

used

It is

in machines.

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

thermal endurance testing according to the appropriate part of IEC 60034-18.

NOTE|
capab

NOTE
satisfg

8.2

The 1

1 The thermal class of a new insulation system should not be assumed to be directly related to the tf
lity of the individual materials used in it.

2 The continued use of an existing insulation system is acceptable where it has been prov
ctory service experience.

Reference coolant

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

ed by

ermal

ed by
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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 7 Temperature rise Ambient air
2 Air Indirect Air 7 Reference temperature:
40 °C
3 Air Indirect Water 7 Coolant at inlet to
- machine or ambient
4 Hydrogen Indirect Water 8 water reference
tomporature-ofcooling
gas at inlet to machipe:
40 °C
Reference,temperatdre of
ambient water: 25 °(
(see note)
5 Air Direct None 12 Temperature Ambient air
6 Air Direct Air 12 Reference temperatire:
40 °C
7 Air Direct Water 12 Gas at entry to machine
- or liquid at entry to the
8 Hydrogen Direct Water 12 windings
or liquid

Reference temperat
40 °C

plate
the s

NOTHE A machine with indirect cooled windings and a water cooled, heat exchanger may be rated using eith
primgry or secondary coolant as the reference coolant (see also”10.2 for information to be given on the

. A submersible machine with surface cooling or a machine with water jacket cooling should be rated
bcondary coolant as reference coolant.

br the
ating
using

prim

NOTE|[ A machine may be so arranged-and cooled that more than one item of Table 5 applies, in whicH
differgnt reference coolants may apply\for different windings.

8.3

8.3.1 Electrical supply

Durirlg thermal testing of an a.c.-meter machine the HVF of the supply shall not exceed (

and
the
elimi

By a

If a Iﬂird coolant is used, temperature rise shall be measured above the temperature @
r

y or secondary coolant as specified in Table 5.

Conditions for thermal tests

{he negative-sequence component of the system of voltages shall be less than 0,5
positivessequence component, the influence of the zero-sequence component |
nated-.

f the

case

,015
% of
being

— 4 4l 4 £ 4 L
ITTTITICTIL, UTT TTICYdUVE=STUUTTIUT CUTITPUTITTIU UT T SYSITITT UT CUTTTITIS TITdy DT 1T dS Ured

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 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

wind

ing 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

begi

nning of the thermal test shall be within 5 K of the temperature of the coolant.
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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 value to be adopted for the temperature of a coolant during a test shall be the mean of
the readlngs of the temperature detectors taken at equal mtervals of time durmg the last

C C ange of
all

8.3.4.2 Open-machines-or 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,.0f several detectors
placgd at different points around and halfway up the machine at +mto 2 m from it. Each
detegtor shall be protected from radiant heat and draughts.

8.3.43 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 {emperature of the primary coolant shall be measured where it enters the machine] The
tempgrature of the secondary coolant shall’'be measured where it enters the heat exchanger.

8.4 | Temperature rise of a part.ofa machine

The {emperature rise, A9, of a-part of a machine is the difference between the temperatyre of
that part measured by the appropriate method in accordance with 8.5, and the temperpture
of the coolant measured in accordance with 8.3.4.

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

methpdy/see 8.6.2.3.

WherF this ;is not possible, for example, when using the direct measurement of resisfance

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;
— embedded temperature detector (ETD) method;

— thermometer method.
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Different methods shall not be used as a check upon one another.
For indirect testing see IEC 60034-29.

8.5.2 Resistance method

The temperature of the windings is determined from the increase of the resistance o
windings.

8.5.3 Embedded temperature detector (ETD) method

f the

The [temperature is determined by means of temperature detectors (e.g. resisfance

thermometers, thermocouples or semi-conductor negative coefficient detectors) built int
maclhiine during construction, at points which are inaccessible after the machine is comple

8.5.4 Thermometer method

The [temperature is determined by thermometers applied to accessible surfaces o
completed machine. The term 'thermometer' includes not only bulb-thermometers, but
non-¢mbedded thermocouples and resistance thermometers. When-bulb-thermometers
used|in places where there is a strong varying or moving magneticdield, alcohol thermom
shall|be used in preference to mercury thermometers.

8.6 | Determination of winding temperature

8.6.1 Choice of method

b the
ted.

the
also
are
eters

In general, for measuring the temperature of .the windings of a machine, the resistance

methpd in accordance with 8.5.2 shall be applied*(but see also 8.6.2.3.3).

For g.c. stator windings of machines having a rated output of 5 000 kW (or kVA) or mor
ETD method shall be used.

For g.c. stator windings of machines having a rated output less than 5 000 kW (or kVA
greafer than 200 kW (or kVA).:the' manufacturer shall choose either the resistance or the
methpd, unless otherwise agreed.

For a.c. stator windings:*of machines having a rated output less than or equal to 20
(or kYA) the manufacturer shall choose the direct measurement version or the superpo
versipn of the resistance method (see 8.6.2.1), unless otherwise agreed (but see also bel

For machines_having a rated output less than or equal to 600 W (or VA), when the win

e the

) but |
ETD

0 kW |
Sition
OW).

lings

are rjon-uniform or severe complications are involved in making the necessary connecfions,

the temiperature may be determined by means of thermometers. Temperature rise lim

ts in

accortdance with Table 8 item 1d) for resistance methad shall apply

7

The thermometer method is recognized in the following cases:

a) 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;

b) single layer windings, rotating or stationary;

c) during routine tests on machines manufactured in large numbers.

For a.c. 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.
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NOTE For checking the temperature of such windings in service, an embedded detector at the bottom of the slot
is of little value because it gives mainly the temperature of the iron core. A detector placed between the coil and
the wedge will follow the temperature of the winding much more closely and is, therefore, better for checks in
service. Because the temperature there may be rather low, the relation between it and the temperature measured
by the resistance method should be determined by a thermal test.

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

For windings of armatures having commutators and for field windings, the resistance method

and-the-thermometer-method-are is recognized.-The resistance-method-is-preferred;—but For

stationary field windings of d.c. machines having more than one layer the ETD method may be

used

8.6.2 Determination by resistance method
8.6.211 Measurement

One pf the following methods shall be used:

8.6.2.2 Calculation

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

Jitable range;

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

inding when de-energized;

easurement by d.c. current/voltage in a.c. windihgs, by superposing small amount o

d
S
11
v
nmleasurement by d.c. current/voltage in a.c. windings by injecting direct current int
W
M
cprrent into the winding, when energized.

rect measurement at the beginning and the end of the test, using . an instrument havjng a

d the

b the

f d.c.

O +k _R_2
91+k R1
wherg
0, i the temperature(2C) of the winding (cold) at the moment of the initial resisfance

nmeasurement;

i the temperature (°C) of the winding at the end of the thermal test;
i the température (°C) of the coolant at the end of the thermal test;
i the resistance of the winding at temperature 6, (cold);

iy the resistance of the winding at the end of the thermal test;

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

For copper k=235

For aluminium k = 225 unless specified otherwise.

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

Ry —

Oy — 0y = Lx(k+64)+6, -6,

uctor
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3 Correction for stopping time
3.1 General

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

8.6.2

3.2 Short stopping time

If the initial resistance reading is obtained within the time interval specified in Table 6, that

readi

8.6.2,

If a
made
addit
have

plotted as a function of time and extrapolatéd to the appropriate time interval of Table

the r
orre
be cq
temp

Ifar
this n

8.6.2,

For 1
be u
mach
meth

ashall he accented for the temnerature measuremaent
) g 1

Table 6 — Time interval

Rated output (P,) Time interval after switching off power
kW or kVA s
Py <50 30
50 < Py <200 90
200 < Py <5000 120
5000 < Py By agreement

3.3 Extended stopping time

esistance reading cannot be made in the timelinterval specified in Table 6, it sha
as soon as possible but not after more than twice the interval specified in Table 6
onal readings shall be taken at intervals ‘of approximately 1 min until these rea
begun a distinct decline from their maximum value. A curve of these readings sha

ated output of the machine. A semislogarithmic plot is recommended where temper
sistance is plotted on the logarithmic scale. The value of temperature thus obtained
nsidered as the temperaturexat shutdown. If successive measurements show incre
eratures after shutdown the highest value shall be taken.

bsistance reading cannot be made until after twice the time interval specified in Tah
hethod of correction'shall only be used by agreement.

34 Windings with one coil-side per slot
nachines-with one coil-side per slot, the resistance method by direct measurement

ine takes more than 90 s to come to rest after switching off the power, the superpo
pd(see 8.6.2.1) may be used if previously agreed.

Il be
and
lings
Il be
6 for
ature
shall
hsing

le 6,

may

sed if_the machine comes to rest within the time interval specified in Table 6. [f the

sition

8.6.3
8.6.3

Determination by ETD method

A 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 highest reading from the ETD elements shall be used to determine the temperature of the

windi

ng.
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NOTE 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 detectors shall be located between the insulated coil-sides within the slot in positions at
which 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
positjons at which the highest temperatures are likely to occur, but see also 8.6.1.

8.6.3.4 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 adequately
protected against the influence of the coolant, but see also 8.6.1.

When placing a temperature detector in the end windings of high vltage machines, care(shall
be tgken that the stress grading of the insulation is not compremised and that the diffefence
of pgtential along the winding overhang does not cause prokfems. In addition, the groupd of
the measuring system is thus directly capacitive coupled (o the HV-system. Disconnectipn of
the measurement ground will in this case immediately I€ad to over voltages on the measpring
systgm. 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,\astemperature detector installed in the nozzle grea of
each bar monitoring water outlet temperature can give an ingication 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
closg 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 gf the
maclhjine.

The fhighest reading from any thermometer shall be taken to be the temperature of the
winding or other part.of the machine.

8.7 Duratiomof‘'thermal tests

8.71 Rating for continuous running duty

The tlest 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 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-2 1 K per half hour. If necessary, measurements shall be taken at reasonable intervals
over a period of time (see 3.25).
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8.7.4 Ratings for non-periodic duty and for duty with discrete constant loads

The rating 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 normal operating conditions,
suitable for approximate determination of the temperature course, can be determined from the
cooling curve pIotted in the same manner as in 8. 6 2 3. The vaIue of the time constant is
1,44 # R HReshe—tme—taken—by—the—rmachine alf of
Il load temperature 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 specifigd in
Tablg 7.

Table 7 — Measuring points

Type of bearing Measuring point Location of measuring point
Hall or roller A In the bearing housingsand preferably in contact with the outer|ring
of the bearlng butynot more than 10 mm? from-the-outerring-of the
bearing it?
B Outer surfage. 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 Elsewhere in the bearing shell

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

b Ih the case of an ‘inside out’ machine, point A will be in the stationary part not more than 10 mm from the
hner ring and point B on the putér 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
gressure zone is the partion of the circumference which supports the combination of rotor weight and radial
Ipads.

The thermal resistance between the temperature detector and the object whose temperpture
is to|be measured shall be minimized; for example, air gaps shall be packed with thermally
condycting,paste.

NOTE —Between the measuring points A and B, as weil as between these pomnts 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 adjustments to the limits during thermal testing when conditions at the test site
differ from those at the operating site.
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It is understood that the temperature of the hottest point of each winding under reference
conditions, i. e. the rated conditions, generally does not exceed the agreed thermal class

temp

The |

erature of the insulation system.

imits are stated relative to the reference coolant specified in Table 5.

A rule is given to allow for the purity of hydrogen coolant.

8.10.

Tem

2 Indirect cooled windings

erature rises under reference conditions shall not exceed the limits given in Table

coold
appli

NOTE
lower
syster]

For ¢
rated
also

In th
rise 9

If, fo

nt) or Table 9 (hydrogen coolant) as appropriate for both, ETD and R meth
cable.
The measured temperature differences between method ETD and method R may be significantly hig

h. It is not intended to compare ETD and R method against each other.

ther operating site conditions, for ratings other than continuous, vfunning duty, an
voltages greater than 12 000 V, the limits shall be adjusted ac€ording to Table 10.
Table 11 for limit on coolant temperature which is assumed in;Table 10.)

b case of thermometer readings made in accordance with,8.6.1, the limit of temper
hall be according to Table 8.

operating site, the adjusted limits given in Table 12 shall apply at the test site.

If the
the 1

agreed.

No a
it is
site.

3 (air
od if

her or

han the temperature limits specified in Table 8 or Table 9, depending on the machine design and the dooling

d for
(See

ature

I windings indirectly cooled by air, conditions~at the test site differ from those at the

adjusted limits given in Table 12 lead to’permissible temperatures at the test site which
nanufacturer considers to be excessive, the testing procedure and the limits shgll be

Hjustments at the test site are @iven for windings indirectly cooled by hydrogen, because
ery unlikely that they will be tested at rated load anywhere other than at the operating
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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 P < 150 kPa (1,5 bar) - 854 - 1054
> 150 kPa < 200 kPa (2,0 bar) - 8042 - 1002
> 200 kPa < 300 kPa (3,0 bar) - 782 - Dg @
> 300 kPa < 400 kPa (4,0 bar) - 732 - D3 @
> 400 kPa - 7048 - Do 2
2a | |AC windings of machines having outputs of less than 80 852 100 10°@
5 000 kW (or kVA), or having a core length of less than 1 m
2b | | DC field windings of a.c. and d.c. machines other than those 80 - 105 -
in 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 a.c. windings see item 4 ef\Table 10.
This is the only item where the limit of temperature rise‘is dependent on hydrogen pressure.

Also includes multi-layer field windings providedithat the under layers are each in contact with the circulating
pfimary 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 (¢,) and for
altitudes of up to

1 000 m.

0°C<6,<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

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 thah

5 K:

For a higher altitude
replace 40 °€ with the
value giveniin Table 11.

0°C<6 <40°C

is-reduced by the factor
(1 _ thermal class - (40 °C + Iim.tmp.))

80K

The limit of temperature rise A@ for cold gag
temperature ¢, shall be

O1hei — bc

A0 = Nyt
" Orhet — Oc ref

with
A6,

i limit of temperature rise according

to Table 8 or Table 9 at 40 °C

temperature of the thermal class

ThCl
(for example 130 °C or 155 °C)

1c

40°C<g,<60°C

6,<0°Corg,>60°C

0,

cre reference cold coolant temperature

(40 °C)

Reduced by the amount by which the coolant
temperature exceeds 40 °C

By agreement

Maximum temperature of
the water at the inlet to
water-cooled heat
exchangers or maximum
temperature of the
ambient water for
submersible machines
with surface cooling or
machines with water
jacket cooling (6,)

5°C<g,<25°C

6, >25°C

Increased by 15 K and by the difference
between 25 °C and 6,

Increased by 15 K and reduced by the
difference between ¢, and 25 °C
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Item | Operation conditions or Adjustment to limit of Item
rating temperature rise (A6) in
Table 8 and Table 9
3a Altitude (H) — general 1000m<H<4000m No adjustment. It shall be assumed that the
rule and maximum ambient reduced cooling resulting from altitude is
air temperature not compensated by a reduction of maximum
specified ambient temperature below 40 °C and 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 power plant generators
generator specific of the purchaser should be adjusted and is a function of the
altitude (air pressure). No adjustment, of the
capability is needed for power plant’genergtors
if the absolute coolant pressure is maintained
constant regardless of the altitude®
4 Rated stator winding 12 kV < Uy < 24 kV A6 for embedded temperature.detectors (ETD)
voltage (Uy) shall be reduced by 1 K for each 1 kV (or pprt
thereof) from 12 kV upno 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) A0 may be exceeded for short periods duripg
the operation of the machine
7b Rating for duty with discrete loads (S10) A¢'may be exceeded for discrete periods
daring the operation of the machine
a8 Assuming the decrease in ambient temperature is 1 %_efithe limiting rises for every 100 m of altitude above
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)
m Temperature
°C

4,000 40 40 40 40
2 000 32 30 28 26
3000 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.

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

8.10. Commutators and sliprings, open or enclosed and their brushes and brushgear

The femperature rise or temperature of any commutator, slipring, brush or brushgear shajl not
be detrimental to the insulation of that part or any adjacent part.

The femperature rise or temperature of a commutator or slipring shall .not exceed thiat at
whiclh the combination of brush grade and commutator or slipring material can handl¢ the
current over 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 Ad;
1 Temperature difference of Absolute value of AL = A0
reference coolant at test site
(6,7) and operating site (6,) (0 = Opp) < 30 K
Absolute value of By agreement

{7, - 6,1)> 30 K

2 Difference of altitudes of test 17000m<H<4000m

site (H;) and operating site (H) No; = A0(1 -

H -1000m
Hy<<1000m

10 000 m

H<<1000m —1000m
AO = AG| 1+ ———
1000 m < H; <4000m 10 000 m

1000 m < H < 4 000 m "
AGr = NG| 1+ —1——
1000 m < H; <4 000 m 10000m

H>4000m or H; >4 000 m | By agreement

NOTIE 1, A6is given in Table 8 and adjusted if necessary in accordance with Table 10.

NOTHE 2~ _1If temperatiure rise is to he measured ahaove the temperatire of the water where it enters the coolefr, 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.
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Table 13 — Limits of temperature of directly cooled windings and their coolants

voltage (Uy)

Uy > 11kV

The heat flow is mainly towards the coolant inside the
conductors and not through the main insulation of
the winding.

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
a.c. windings. These temperatures are
preferred to the values given in item 2
as the basis of rating.
18) Szs \ail, :lyulluycll, fretionm; c?.\.,.) +46 = = +36 = -
1b)| |Water 90 - - 90 - -
2 | |AC windings ]
2a)| |Gas cooled - - 1202 - - 458
2b)| |Liquid cooled |
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 -
3 and 4 - 105 - - 120 -
5and 6 - 110 - - 125 -
7 to 14 - 115 - - 130 -
above 14 - 120 - - 135 -
3b)| [Liquid cooled Observance of the\maximum coolant temperature given in
item 1b) will engsure that the hotspot temperature of the winding
is not excessive
4 Field windings of a.c. and d.c.
machines having d.c. excitation other
than in item 3.
4a)| |Gas cooled - 130 - - 150 -
4b)| |Liquid cooled Observance of the maximum coolant temperature given in
item 1b) will ensure that the hotspot temperature of the winding
is not excessive

a Np adjustment in the case of high-valtage a.c. windings is applicable to these items, see Table 14, item 3.

b The rotor ventilation is classified oy the number of radial outlet regions on the total length of the rotor. Sgecial
oytlet regions for the coolant ofthe end windings are included as one outlet for each end. The common ¢utlet
rggion of two axially opposed-flows is to be counted as two regions.

Tlable 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
Item Operating condition or rating Adjustment to limit of temperature in Table 13

1 Temperature g, of U CTI9 <40 C Reduction by the amount of the difference betwee
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 6.
40°C<¢,<60°C No adjustment
6,<0°Cor 6, >60°C |Byagreement
2 Rated stator winding No adjustment
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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 0,
1 Difference of reference Absolute value of Or=0
coolant temperatures of
test site (6,;) and (6, = ;) < 30K
operating site (6,) Absolute value of By agreement
(6,-6,4)>30K
2 Differenceofattitudes o000 M < I7 < 4 000
of test site (H;) and 07 = (gfgc 1,% -
operating site (H) Hp<<1000m 10000 m
H<<1000m H- —1000m
0r =(0-0, ) 1+ ————N+ 0,
1000m < H; <4000m 10 000-m
1000 m < H<4000m He 2 B
0r =(0-0, ) 1+ |+ 0,
1000m < H; <4 000 m 10000 m
H>4000mor H. >4 000 m |Byagreement
NOTE @is given in Table 13 and adjusted if necessary in accordance with Table 14.

9 Other performance and tests

9.1

Rout

Routine tests

ne tests are always factory tests. They-ean—enby shall be performed on all mac

which are assembled at the-werks factory of the manufacturer. The machine needs n

comg
Rout

nines
bt be

letely assembled. It can lack components which are not significant for the testing.

synchronous machines.

The

ne tests do not need the madchine to be coupled except for the open-circuit te

minimum test schedule-is listed in Table 16 and is applicable for machines with

output < 20 MW (MVA)_that are assembled and tested in the factory. Additional routine
be performed eSpecially on machines with ratings above 200 kW (kVA). The
synchronous machines includes brushless permanent magnet machines.

may

5t on

rated
tests
term

For d.c. 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-schedule-of routine tests for machines assembled
and tested in the factory of the manufacturer

Number Test Induction machines Synchronous DC machines
(including machines with separate or
synchronous shunt excitation
induction motors) 2 Motors | Generators
1 Resistance of windings (cold) Yes Yes Yes
2 No-load losses and current © Yes - -
3a No-load losses at unity power - Yes d -
factor ®
3 No-load excitation current at - Yes 9 -
rated voltage by open-circuit
test °
4 Excitation current at rated - - Yes
speed and rated armature
voltage
5 Open circuit secondary induced Yes - -
voltage at standstill (wound
rotor)®
6@ Direction of rotation Yes Yes - Yes
6 Phase sequence - — Yes -
7 Wlthstgnd voltage test Yes Yes Yes
according to 9.2
a8 |HC 60050-411:1996, 411-33-04.
b Permanent magnet machines excluded.
¢ For safety considerations this test may be performed atreduced voltage.
4 Tésts 3a-and-3b-are-exclusive. Only one of the tests'@a or 3b is required.
€ Np stabilization of temperature required for measufement of no-load losses.

9.2

A teg

Withstand voltage test

t voltage, as specified below, shall be applied between the windings under test an

fram¢ of the machine, with,the core and the windings not under test connected to the frame. It

shall
cond
mant
A wit

be applied only tona new and completed machine with all its parts in place
tions equivalent™\{to normal working conditions and shall be carried out af
facturer's-works)factory or after erection on site.\When-a-thermal-test-iscarried-ouf—the
hstand voltage test shall be carried out-immediately-after-that-test after the completi

the flill test sequence.

proof the suitability of the machine winding insulation system.

In t ca€avof nolvnhase machines with rated voltaae abhove 1 k\. havina both ends ofleac

H—Re-EaSe~ot+poryprasemaciHres—wWhihratea—vorageabove——v—avHhigoot—enRas—o+Heach
nhaskb dadividuallvaccessible the test voltaae shall be annlied between each nhase anfd -the
pRaspaGhHadatyac6essSiores—thetestvyortage—Shar—heappHeaoetween—eacnpRaseanRpgtnie
fram VT T R [ | NPT | M AP T TR [Ty SENNPIE P Py S Sapx ' ST 1 2P
HaRC—wH A e—eefre—aha—me—ome—praSes—ahRet— W e g or—dheer—e5—eeheerea—0the
NOTE 1 For high voltage machines, additional methods as described in the parts of IEC 60034-27 can be used to

Except as stated below, the frequency of the test voltage shall be-ef 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 d.c. test may be carried out at a voltage 1,7 times the r.m.s.
value given in Table 17.

NOTE 2

and the ageing mechanisms are different from those occurring during an a.c. test.

It is recognized that, during a d.c. test, the surface potential distribution along the end winding insulation
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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. There shall be no failure (see IEC 60060-1) during this period.

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

specfiied In Table 1/.

The

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

dryin
in Ta

To d
conv
alter
whic

ithstand voltage test at full voltage made on the windings on acceptance,shall n

g if considered necessary, the test voltage shall be 80 % of the xoltage spe
ble 17.

etermine the test voltage from Table 17 for d.c. motors supplied by static p
brters, the direct voltage of the motor or the r.m.s. phase-to-phase value of the

ever is the greater.

bt be
rther
cified

ower
rated

ating voltage at the input terminals of the static power‘converter shall be dised,

Voltgge variation according to 7.3 should not be considered when determining the| test

voltape.

Completely rewound windings shall be tested at the full test voltage for new machines.

Wheip a user and a repair contractor have agreed to carry out withstand voltage tests in qases

where windings have been partially rewound or in the case of an overhauled maching, the

following procedure is recommended:

a) pprtially rewound windings are~tested at 75 % of the test voltage for a new machine.
Before the test, the old part of the winding shall be carefully cleaned and dried;

b) oyerhauled machines, aftereleaning and drying, are subjected to a test at a voltage ¢qual
te 1,5 times the rated voltage, with a minimum of 1 000 V if the rated voltage is equal|to or
greater than 100 V and a minimum of 500 V if the rated voltage is less than 100 V.

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 | 1 000 V + twice the rated voltage with a minimum of
output less than 10 000 kW (or kVA) with the 1500Vva
exception of those in item 1 and items 4 to 8 °
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 d.c. 1 000 V + twice the maximum rated circuit voltage with
machines a minimum of 1 500 V
5 Field windings of synchronous generators,
synchronous motors and synchronous
condensers.
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Item Machine or part Test voltage (r.m.s.)

5a) | Rated field voltage:

- up to, and including 500 V, Ten times the rated field voltage with a minimum of
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 of
the field winding short-circuited 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.
UiUIUI Wl‘lil “IU I’Ib'id VViIIdiIIU I.:UIIIII::L;‘[UIJI dllUusSS d VU“.GHU, Vvilibil callt otoul UIIUIUI ‘l;IU bpb‘bil’icu‘ D‘ldli. 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.betW}een
field windings on open circuit with or without a the terminals of any section, with a minimGnrof
field-dividing switch 1500V¢°

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

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

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 fimes 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 forsheswindings 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)

8 Electrically interconnected machines-and A repetition of the tests in items 1 to 7 above shoyld
apparatus be avoided if possible, but if a test is performed op a
group of machines and apparatus, each having
previously passed its withstand voltage test, the tgst
voltage to be applied to such an electrically conngcted
arrangement shall be 80 % of the lowest test voltgge
appropriate for any individual piece of the
arrangement ¢

9 Devices that are in“physical contact with 1500 V
windings, fornexample, temperature detectors,
shall be tested to the machine frame.

During(the*withstand test on the machine, all
devices in physical contact with the winding
shiall'be connected to the machine frame.

Fpriiwo-phase windings having one terminal in common, the voltage in the formula shall be the highest .m.s.
voltage arising between any two terminals during operation.

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

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

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

The leakage current drawn by the machine during withstand voltage test will vary according to the size of the
machine.
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9.3
9.3.1

Occasional excess current

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 a.c. machine is to be used as

both

agreg

NOTE
currern

9.3.2
AC

For the capability of synchronous machines concerning the occasional negative-sequence coempon|
t under fault conditions, see 7.2.3.

Generators

generators having rated outputs not exceeding 1200 MVA~shall be capab

withgtanding a current equal to 1,5 times the rated current for not les§than 30 s.

AC d
curre
shall

9.3.3

Polyy
exce

- a

NOTE
exces

ct of

ent of

enerators having rated outputs above 1 200 MVA shall (be capable of withstanding a

nt equal to 1,5 times the rated current for a period which<{shall be agreed, but this p
be not less than 15 s.

Motors (except commutator motors and permanent magnet motors)

hase motors having rated outputs not exceeding 315 kW and rated voltages
pding 1 kV shall be capable of withstanding:

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

eriod

not

For polyphase motors having rated outputs above 315 kW and all single-phase motors, no occgsional

5 current is specified.

9.3.4 Commutator machines

rrent

A commutator machine shalbe capable of withstanding, for 60 s, 1,5 times rated cU
undef the appropriate combination of conditions as follows:
a) speed:
1) d.c. motor: highest full-field speed,;
2) d.c. generator: rated speed;
3) a.c..commutator motor: highest full-field speed;
b) armature voltage: that corresponding to the specified speed.
NOTE Attention should be given to the limits of commutation capability.
9.4 Momentary excess torque for motors
9.4.1 Polyphase induction motors and d.c. 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.

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

For d.c. 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.

NOTE 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 induction motors specially designed to ensure a starting current of less than
4,5 t%nes the rated current, the excess torque can be below the value of 60 % givén in

paragraph 1, but not less than 50 %, or the value of the excess torque shall be the subjgct of
agreg¢ment.
In the case of special types of induction motors with special inherent starting)properties, for
exaniple motors intended for use at variable frequency or induction metors supplied |from
stati¢ converters, the value of the excess torque shall be the subject of agreement.

9.4.2 Polyphase synchronous motors

Unless otherwise agreed, a polyphase synchronous motor, irrespective of the duty, shall be
capaple of withstanding an excess torque as specified below/for 15 s without falling dut of
synchronism, the excitation being maintained at the valueceorresponding to rated load. \When
automnatic excitation is used, the limits of torque shall be the same values with the exciffation
equipment operating under normal conditions:

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

9.4.3 Other motors

The momentary excess torque.'and time for single-phase, commutator and other motors |shall
be the subject of agreementt

9.5 | Pull-up torque

Unless otherwisetspecified (for example machines according to IEC 60034-12), the pull-up
torque of cagesinduction motors under full voltage shall be not less than 0,3 times the rated
torque.

9.6 | Safe operating speed of cage induction motors

All three-phase single-speed cage induction motors of frame number up to and including 315
and for voltages up to and including 1 000 V shall be capable of safe continuous operation at
speeds up to the appropriate speed given in Table 18 unless otherwise stated on the rating
plate.
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NOTE]

spee

manu

Bear

Table 18 — 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 4500 2700 2 400
180 4 500 2700 2 400
200 4 500 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.

ng life may be reduced. Attention should be paid to the re-greasing intervals an

grease service life.

9.7

Overspeed

Maclhiines shall be designed to withstand the*speeds specified in Table 19.

An o
spec

overgpeed test shall be considered as satisfactory if no permanent abnormal deformati

appa
from
requi

Due
minu
abno

Durir
be d

rent subsequently, and_ ng.other weakness is detected which would prevent the ma

red dielectric tests. The duration of any overspeed test shall be 2 min.

to settling of lanmiinated rotor rims, laminated poles held by wedges or by bolts, e

rmal deforrration indicating that the machine is not suitable for normal operation.

g commissioning of a hydraulic-turbine driven synchronous generator, the machine

When operating at speeds above rated speed, for example, when used with adjusitable
d controls, noise and vibration levels will increase. The user may requirg the
facturer to fine balance the motor rotor for acceptable operation above rated speed.

i the

verspeed test is not normally considered necessary but can be performed when this is
fied and has been agreed. (For turbine-type a.c. generators, see also IEC 60034-3[) An

pn is
thine

operating normally, and provided the rotor windings after the test comply with the

C., a

e permanent increase in the diameter is natural, and not to be considered as an

shall

iven at the speed it can reach with the overspeed protection operating, so as to ascgrtain

that the batance 15 satisfactory up to that speed.
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Table 19 — Overspeeds

Item Machine type Overspeed

1 AC machines

All machines other than those specified | 1,2 times the maximum rated speed

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,acCidentglly
disconnected, the words ‘no-load speed’ shall be interprefed
to mean the lightest load condition possiblerwith the load

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 speed,-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 nqt
exceeding 1,5 times the highest rated speed
2c) Compound excited motors having The manufactdrer shall assign a maximum safe operating
speed regulation greater than 35 % speed which shall be marked on the rating plate. The
and series motors overspeed, for these motors shall be 1,1 times the maximyim
safe operating speed. The safe operating speed marking |s
not required on motors that are capable of an overspeed pf
1,1.times the no-load speed at rated voltage
2d) Permanent-magnet excited motors Overspeed as specified in item 2a) unless the motor has p
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 synchrdgnous
maclhjines, including turbine-type machines not covered by IEC 60034-3, in the case of short
circult on all phases during operation at rated voltage, shall not exceed 15 times the |peak
valug or 21 times-the r.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 {imes
the rfted voltage 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 d.c. or a.c. 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.

9.11| Total harmonic distortion (THD) for synchronous machines
9.11/1 General

The fequirements of this subclause apply only to synchronous machines having rated oufputs
of 300 kW (or kVA) or more, intended for connection to power networks operating at nominal
frequencies of 16 2/3 Hz to 100 Hz inclusive, with a view to minimizing.ifitérference caus¢d by
the mpachines.

9.112 Limits

When tested on open-circuit and at rated speed and voltage, the total harmonic distgrtion
(THD) of the line-to-line terminal voltage, as measured aceording to the methods laid down in
9.113, 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.

9.11.3 Tests

Type| tests shall be carried out on a.c..machines to verify compliance with 9.11.2. The range
of fréquencies measured shall cover*all harmonics from rated frequency up to the [100th
harmjonic.

Eithegr the THD may be megasured directly by means of a meter and associated network
spec|ally designed for the ‘purpose, or each individual harmonic shall be measured and|from
the measured values the FHD shall be computed using the following formula:

wherp

u, 1S Ihe ratio of the Nine-to-Tme terminal voltage U, of the harmonic 7 of the machine to the |
line-to-line terminal fundamental voltage U, of the machine;

n is the order of harmonic;

k=100.

10 Rating plates

10.1 General

Every electrical machine shall be provided with a rating plate(s). The plates shall be made of
durable material and be securely mounted. The writing has to be made with durable print.
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The rating plate(s) shall preferably be mounted on the frame of the machine and be located so
as to be easily legible in the position of use determined by the type of construction and
mounting arrangement 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,
supply a second plate to be mounted on the equipment.

10.2 Marking

Machines with rated outputs up to and including 750 W (or VA) and dimensions not covered
by IEC 60072 shall be marked with the information given in items a), b), 1), m), aa) and
cc)below as a minimum. For special-purpose and built-in machines with rated outputs up to

and
bb)

;WW%#WWMW@mmm—H
ay be provided in another form.

In alll other cases, rating plate(s) shall be durably marked with the items in the“following list,
as fa[ as they apply. The items need not all be on the same plate. Letter symbols*for unit$ and

quan

ities shall be in accordance with IEC 60027-1 and IEC 60027-4.

If the manufacturer gives more information, this needs not necessarily be marked on the

rating plate(s).

a)
b)

The J;ems are numbered for convenient reference, but the order/in which they appear op the
ratin

plate(s) is not standardized. Items may be suitably combined.

Tlhe 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 of a group of machines which arelmade

to the|same electrical and mechanical design and are produced in one batch using the same technology.

c)

Information to identify the year of manufacture. This shall be marked on the rating pldte or
bg given on a separate data sheet to He provided with the machine.

NOTE|2 If this information can be obtained from the manufacturer by quoting the data specified in item b), jt may

be omjitted from both the rating plate and the_separate data sheet.

d)
e)
f)

k)

1)

The manufacturer's machine-code.
Fpr a.c. machines, the number of phases.

The number(s) of.the rating and performance standard(s) which are applicable
(IEC 60034-x and/onh'equivalent national standard(s)). If IEC 60034 is marked, this implies
cpmpliance withlall 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 degree‘of protection provided by the integral design of the rotating electrical mag¢hine
(IP code)in accordance with IEC 60034-5.

The/method of cooling (IC code) in accordance with [IEC 60034-6 in case it is not IC411.

F ry HF o 4l Vil | el S aYaVaXs W B Yal 4l ££: o0 1 LI ala) ol 4t t d
UT TITUTUT S Wt e osLUPT UT ' TEU UUU IOV, UTC TITUITTIVY Uldoo (T CUUT) aliu 11T ate

efficiency as specified in IEC 60034-30.

The thermal class and the limit of temperature or of temperature rise (when lower than that
of the thermal class) 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.

The class(es) of rating of the machine if designed for other than rating for continuous
running duty S1, see 5.2.

The rated output(s) or range of rated output.

m) The rated voltage(s) or range of rated voltage.

n)

For a.c. machines the rated frequency or range of rated frequency.
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For universal motors, the rated frequency shall be followed by the appropriate symbol:
for example, ~ 50 Hz/ ———= (IEC 60417-5031) or a.c. 50 Hz/DC.

o) For synchronous machines excited by permanent magnets the open circuit voltage at
rated speed.

p) The rated current(s) or range of rated current.

q) The rated speed(s) or range of rated speed.

r) The permissible overspeed if other than specified in 9.7.
or
the—maximum—safe—operating—speed—iftess—than—in—9-6—eor—if—the—machinre—is—designed
eppecially for variable speed operation.

s) Fpr d.c. machines with separate excitation or with shunt excitation and for synehrognous
machines, the rated field voltage and the rated field current.

t) Fpr a.c. machines, the rated power factor(s).

u) Fpr wound-rotor induction machines, the rated open-circuit voltage between slip-ringg and
the rated slip-ring current.

v) Fprd-c. motors AR armatures :ntended e be cuseliod Lo o Ve conias coneonioag oo
Hontidestion—sodn e e T i e
ALtema%weJy—ﬁer—mete#s—net—e*eeeémg—S—kW— The rated )form factor and the rated
alternating voltage at the input terminals of the static poweér converter, when this exgeeds
the rated direct voltage of the motor armature circuit.

w) The maximum ambient air temperature, if other than40 °C.

The maximum water coolant temperature, if other'than 25 °C.

x) The minimum ambient air temperature if other than specified in 6.4.

y) The altitude for which the machine is designed (if exceeding 1 000 m above sea-level).

z) Fpr hydrogen-cooled machines, the hydrogen pressure at rated output.

aa)\VWhen specified, the approximate total mass of the machine, if exceeding 30 kg.

bb) Fpr machines suitable for opetation in only one direction of rotation, the directipn of
rotation, indicated by an arrow. This arrow needs not be on the rating plate, but it shall be
epsily visible.

cc) The connecting instructions in accordance with IEC 60034-8 by means of a diagram of text
Igcated near the terminals.

dd) For motors withinthe scope of IEC 60034-12, the design letter(s) as specified in Clalise 5
of IEC 60034-12:2016 indicating the starting requirements.

Two [differentrated values shall be indicated by X/Y and a range of rated values shall be

indicated by~X=Y (see IEC 61293).

For machines specified with an Impulse Voltage Insulation Class (IVIC), the IVIC accordihg to

IEC 60034-18-41 shall be listed in the documentation of the machine and should be marked

on th

e rating plate.

Except for normal maintenance, 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

repai

r and the changes made.

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.
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The symbol (IEC 60417-5019) or legend shall identify this device. However, machines

shall

neither bé 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 50 V a.c. or 120 V d.c. and are intended for use on SELV

c

NOTE

In th
exce
situa
box,
have

Mach
termi
box f

The
cond

ircuits.

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

ed in the vicinity of the terminals for the line conductors, being placed in the.ter
if one is provided. Machines having rated outputs in excess of 100 kW (orkVA)
in addition an earthing terminal fitted on the frame.

pr connecting a conducting cable sheath, if any.

Lictor without any damage to the conductor or terminat, “Accessible conducting

whiclh are not part of the operating circuit shall have good-electrical contact with each

and
insul
many

facturer and the purchaser agree to alternativeJneans of protection.

When an earthing terminal is provided in the“terminal box, it shall be assumed tha

earth

Whe
agre
termi

The
secti
in th
of th

ing conductor is made of the same metakas the lead conductors.

nal, proper consideration shalilbe given to the conductivity of the conductor.

parthing terminal shall"be” designed to accommodate an earthing conductor of ¢
bnal area in accordance with Table 20. If an earthing conductor larger than the size

other sizes listed.

For other crossrsectional areas of phase conductors, the earthing or protective cond

shall

—

|¢

have a cross-sectional area at least equivalent to:

at of the phase conductor for cross-sectional areas less than 25 mm?;

- 2

b 'mim?2 for cross-sectional areas between 25 mm?2 and 50 mm?;

e case of machines having rated voltages greater than 50V a.c. or 120V d.c., b!t not
bding 1 000V a.c. or 1500V d.c., the terminal for the earthing conductor shall be

minal
shall

ines for rated voltages greater than 1 000 V a.c. or 1 500 V d.c. shall have an earthing
nal on the frame, for example an iron strap, and in addition, a means$ inside the terminal

earthing terminal shall be designed to ensure a good (connection with the earthing

parts
bther

vith the earthing terminal. When all bearings and the rotor winding of a maching are
hted, the shaft shall be electrically connected~to the earthing terminal, unlesg the

t the

an earthing terminal is provided on the frame, the earthing conductor may, by
ment, be made of another metal (for example, steel). In this case, in designing the

ross-
piven

table is used, it is.recommended that it should correspond as nearly as possible tg one

luctor

— 50 % of that of the phase conductor for cross-sectional areas exceeding 50 mm?2.

For generators = 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.

NOTE 2 For small machines with frame sizes below 63 mm, proper earthing may be provided by the flange alone.
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Table 20 — Cross-sectional areas of earthing conductors

11.2

When a machine shaft end is provided withxone or more keyways, each shall be provided

a full

12 Tolerances

121

Tabl
proc

excegd the allowed deviation independent of test laboratory or equipment. Tolerance doe|

cove
true

NOTE

Toleiance is the maximum allowed deviation between the test result of a quantity

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

21 and the declared value on the rating plate or in the catalogue. As long as

with

from
test

dures and test.equipment according to IEC standards are used, the test result shajl not

the uncéctainty of a test procedure, i.e. the deviation between the test result an
alue.

In’case of a series production the tolerance applies to any selected sample, i.e. tolerance covers vari

S not
d the

ations

material properties-and-manufacturing-orocedures
ProP I T

in raw

12.2

Tolerances on values of quantities

Unless stated otherwise, tolerances on declared values shall be as specified in Table 21.
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Table 21 — Schedule of tolerances on values of quantities

2017

Item Quantity Tolerance
1 Efficiency 7
— machines up to and including 150 kW (or kVA) |-15 % of (1 — 7)
— machines above 150 kW (or kVA) -10 % of (1 - 7)
o T . . : . 0% of
>150-kKW-or kVA)
2 Rated field current of synchronous machines +15 % of the value
3 Power-factor, cos ¢, for induction machines and |-1/6 (1 — cos ¢)
permanent magnet synchronous machines .
operating direct on-line Minimum absolute value 0,02
Maximum absolute value 0,07
4 Speed of d.c. motors (at full load and at working
temperature) @
4a)l [Shunt and separately excited motors 1000 Py/ny < 0,67, +15 %
0,67 < 1000 Py/ny < 2;5 +10 %
2,5 < 1000 P/nyz10 +7,5%
10 < 1 000&8fm), + 5%
4b)| | Series motors 10080 P\/ny < 0,67 +20 %
0,67'</ 1 000 Py/ny < 2,5 +15 %
2,5 < 1000 Py/ny <10 +10 %
10 < 1000 P/ny +75%
4c)| [Compound excited motors Tolerances as for item 4b) unless otherwise agr¢ed
5 Variation of speed of d.c. shunt and cefpound +20 % of the variation with a minimum of +2 % off the
excited motors (from no-load to full lead) rated speed
6 Inherent voltage regulation of d.cgenerators, +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 power-factor 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-loagd
voltage.)
8 a Slip of induction machines (at full load and at
working temperature)
Py <1kW +30 % of the slip
D 4 _1\AL =20 0, f th alin
Rr=—heW +20-%-of-the-shp
8 b) |Speed of a.c. (commutator) motors with shunt — on the highest speed:
characteristics (at full load and at working
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
with any specified starting apparatus
10 Locked rotor torque of cage induction motors Jﬁg % 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 t f h t
ocked rotor torque of synchronous motors Jﬁg % 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
L~ 1 th taod t Q.49
-6-times-the—rated-tergue—see-94-2

16 Peak value of short-circuit current of an a.c. +30 % of the value

generator under specified conditions

17 Steady short-circuit current of an a.c. generator +15 % of the value
at specified excitation

18 Moment of inertia +10 % of the value

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

& Tplerances in item 4 depend on the ratio of rated output P in kW, to rated spéed-in min~".

13 Electromagnetic compatibility (EMC)

13.1| General

The EMC requirements specified in this clause apply to rotating electrical machines with fated
voltapes not exceeding 1 000 V a.c. or 1 500 ¥, d.c.-and-which-are intended for operation and
use ip residential, commercial or industrial eAvironments.

Elecfronic components mounted inside.@ rotating electrical machine and which are essg¢ntial
for it$ operation (for example rotating excitation devices) are part of the machine.

Reqgyirements which apply to:thé final drive system and its components, for example power
and [control electronic equipment, coupled machines, monitoring devices, etc., whgther
mounted inside or outside the machine, are outside the scope of this document.

The fequirements of this clause apply to machines that are supplied directly to the end-uger.

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 enclosufe and
assemnlbly,will)affect the EMC emissions, are covered by the EMC standard that relates to the final product.

I 1. los 1 & H IH tle HA o 2 gy oo t
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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.

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.
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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), immunity tests are not required.

13.3 Emission

For machines intended for use in residential environments, radiated and conducted emissions
Table

shall complvwith the reguirements of CISPR 11 for class- B agroup-1 eguinment-—see
a4 =1 T g D R o Y

B.1.

For rmachines 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 pdwer. These limitp are
also found in Table B.2.

13.4 Immunity tests

Immuynity tests are not required.

13.5| Emission-tests measurements
For deneral purpose rotating electrical machines, 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{or assembly into final products in the scope of
CISHR 14 shall be carried out also observing*the advice found in CISPR 14.

For the measurements, the requiremenfs specified in 13.3 apply.

Machines without brushes “shall comply with the emission limits of 13.3 with any|load
condjtion.

NOTE|

sl

Machines with brushes shall at least comply with the emission limits of-43-3-2 CISPR 1|1 for
clasqd A¢group 1 equipment with a rated input power of < 20 kVA , independently from|their
actuatrated illput powets when—tested—withoutatoad—Stch—machinesreedtobe—denoted as

class A components.

Cage induction machines do not need to be measured.

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

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.

Th H I = | ' £ 1 4 P2 + i &l &l ™ -
is mey-vetve-consideration-of-refevant-produect-standards—sueh-as:

IEC 60079 (all parts),-Explosive-atmospheres, and other parts of IEC 60034 including:

IEC 60034-5, IEC 60034-6, IEC 60034-7, IEC 60034-8, IEC 60034-9, IEC 60034-11, IEC60034-12] and
IEC 60034-14.

In addition, it may be necessary to consider limitation of the surface temperature and similar
characteristics; see for example IEC 60335-1:2010, Clause 11: Heating.
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Annex A
(informative)

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

2017

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.

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

calcylated by the following formula:

1 n AO;

= At, x 2 k
TL =

ative

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

wherp

TL is the relative thermal life expectancy related to the, thermal life expectancy in case of
duty type S1 with rated output;

AO; is the difference between the temperature risenof the winding at each of the various
loads within one cycle and the temperatdre“rise based upon duty type S1|with
reference load;

At; is the p.u. time of a constant load within, a'load cycle;

k is the increase in temperature rise in’K, which leads to a shortening of the thermal life
expectancy of the insulation systefm by 50 %;

n is the number of discrete valuesof load.

A.3 |The quantity 7L is an integral part of the unambiguous identification of the clags of

rating.

A.4 |The value of the duantity TL can be determined only when, in addition to informjation

conc
know
the w

A.5

appr
to dg

hole temperature range within which the load cycle takes place according to Figure

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

varyi

hatvlaaAde Aviotina ity o ounla tha ramaoinin e~y 1 fliianoanc AV A thao Lfativan ~AFf tha oo

brning the load cycle according to Figure 10, the value k for the insulation system is
n. This value ¥ has to be determined by experiments in conformity with IEC 60034-18 for

10.

d by

pximation to assess the real change in the machine thermal life expectancy as compared
ty'dype S1 with rated output, because |t may be assumed that in consideration gf the

chine

g 1oadusS CATSTTTY WHARH& A2 A1 |\,|||u||||||s o CTICC S OVvVeT e ot O e rrra

(e.g. dielectric stress, environmental influences) are approximately the same as in the case of
duty type S1 with rated output.

A.6 The manufacturer of the machine is responsible for the correct compilation of the

vario

us parameters for determining the value of TL.
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Annex B
(informative)

Electromagnetic compatibility (EMC) limits

Table B.1 — Electromagnetic emission limits-formachines-without-brushes per CISPR 11

Class B Group 1

Frequency range

Limits

Radiated emission

30 MHz to 230 MHz

30 dB(uV/m) quasi peak, measured

10 m distance (Note)

at

230 MHz to 1 000 MHz

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

at

Conducted emission

oh a.c. or d.c. power supply

terminals

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

66 dB(unV) to 56 dB(uV).quasi ped
56 dB(unV) to 46 dB(uV) average

0,50 MHz to 5 MHz

56 dB(uY) quasi peak
46:dB(nV) average

5 MHz to 30 MHz

60°dB(uV) quasi peak
50 dB(nV) average

NOTE-4+ May be measured at 3 m distance using the limits increased by.10 dB.

Table B.2 — Electromagnetic emission limits-fer-machines-with-brushes per CISPR| 11
Class A Group 1
Frequency range Limits
Radiated emission 30:‘MHz to 230 MHz 30 dB(uV/m) quasi peak,
measured 30 m distance (Note)
230 MHz to 1 000 MHz 37 dB(nuV/m) quasi peak,
measured 30 m distance (Note)
Conducted emission 0,15 MHz to 0,50 MHz 79 dB(nV) quasi peak
oh a.c. or d.c. power supply 66 dB(nV) average
terminals
0,50 MHz to 30 MHz 73 dB(nV) quasi peak
60 dB(uV) average
NOTE-4+ May be measured at 10 m distance using the limits increased by 10 dB or measured at 3 m disjance

using

the limits increased by 20 dB.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 1: Rating and performance

FOREWORD

2017

International Electrotechnical Commission (IEC) is a worldwide organization for standardization\comy
national electrotechnical committees (IEC National Committees). The object of IEC is/to prf

end and in addition to other activities, IEC publishes International Standards, Technical Specifica
Teichnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter greferred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National COmmittee inte
in [the subject dealt with may participate in this preparatory work. International, governmental and
gojernmental organizations liaising with the IEC also participate in this preparation<IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with’/conditions determin|
agfeement between the two organizations.

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

IEC Publications have the form of recommendations for internatiofial use and are accepted by IEC N4
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible forythe way in which they are used or fq
mipinterpretation by any end user.
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In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publications

trgnsparently to the maximum extent possible in théir“national and regional publications. Any diver
befween any IEC Publication and the corresponding @ational or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation of.conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, :aecess to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have‘the latest 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
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

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

At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights”NEC shall not be held responsible for identifying any or all such patent rights.
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e 2:

This thirteenth edition cancels and replaces the twelfth edition published in 201
constitutes a technical revision.

0. It
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The main technical changes with regard to the previous edition are as follows:

Clause or

subclause Change
3.25 Shorter time to thermal equilibrium
5.5.2 Note on P-Q capability diagram for synchronous generators
6.4 Clarification added that other conditions can be agreed on
6.6 Clarification added that standstill is explicitly included; note added
7.1 Ctarificatiomom bus transfer or fastTectositg
Capability to withstand impulse voltages in case of machines connected to a U converter
7.2.4 New Table 3 for identification code
7.3 Table 4 corrected to reflect current scope of IEC 60034-3
7.5 Voltage withstand level for machines connected to a converter
8.3.4 Measurement of ambient air temperature in case of open machines
8.6.3.4 Notes on ETD in the end windings of high voltage machines andcon.ETD use to monitor
strand blockage in case of directly liquid cooled windings
8.10 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-méthods 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/DC and the comments received
on this document
Physically correct formula in Table 10, item 1b
9.1 Clarification on machines.that are subject to routine testing
9.2 Separate withstand voltage testing of phases
Clarification on frequency and time instant for withstand voltage test
Note on leakage)current during withstand voltage test
Note referting to IEC 60027
10.2 Information on IVIC on rating plate or in documentation
Clarification added to item f
I€C code and design letter for locked-rotor apparent power on rating plate
11.1 Clarification on cross-sectional area of earthing conductor for generators
Note on grounding for small machines added
12.2 Tolerance on field current of synchronous machines added
I'I_'olerance on power factor applies also for PM synchronous machines operated directly at the
ines
Contradiction between tolerances on efficiency and on losses clarified
13.1 Changed as proposed by ACEC
Note for large generators added
13.3 Changed as proposed by ACEC
13.5 Changed as proposed by ACEC

Annex B DC power supply added
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The text of this standard is based on the following documents:

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 eledtrical
machines, can be found on the IEC website.

NOTE| A table of cross-references of all IEC TC 2 publications can be found in the IEC TC 2~dashboard ¢n the
IEC wEbsite.

The gommittee has decided that the contents of this publication will remain unchanged| until
the gtability date indicated on the IEC website under "http://websiope.iec.ch" in the |data
relat¢d to the specific publication. At this date, the publication will be
e rgconfirmed,

e withdrawn,

o rgplaced 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 ot

Mach
addit

NOTE|
subjed

er |EC standards, for example, IEC 60349.

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.

If particular clauses of this document are modified to meet special applicationsjfor’ example ma
t to radioactivity or machines for aerospace, all other clauses apply insofar as they are compatible.

2 Normative references

The
contg
cited
any g

IEC §

IEC
mach

IEC §

following documents are referred to in the text in such{a,way that some or all of
nt constitutes requirements of this document. For dated references, only the e

mendments) applies.
0027-1, Letter symbols to be used in electrical technology — Part 1. General

50027-4, Letter symbols to be used in{electrical technology — Part 4: Rotating el
ines

0034-2 (all parts), Rotating~electrical machines — Part 2: Standard method

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

IEC ¢
gene

IEC ¢
integ|

0034-3, Rotating electrical machines — Part 3: Specific requirements for synchro
rators driven by steam turbines or combustion gas turbines

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

IEC $0034-6,-Rotating electrical machines — Part 6: Methods of cooling (IC code)

IEC §

0034-8, Rotating electrical machines — Part 8: Terminal markings and directid

ng or

Chines

their
dition

applies. For undated references, the latest edition of'the referenced document (inclyiding

betric

g

5 for

nous

the

n of

rotat

on

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

IEC 60034-15, 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

IEC 60034-18-41, 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


https://iecnorm.com/api/?name=041478fa591c4c5139b120bcaa80be68

-10 - IEC 60034-1:2017 © IEC 2017

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 testing 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, IEC standard voltages

IEC 60050-411:1996, International Electrotechnical Vocabulary (IEV) — Chapter 411: Rozlating
machines

IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirenlents
IEC 60072 (all parts), Dimensions and output series for rotating electrical machines
IEC 0085, Electrical insulation — Thermal evaluation and designation

IEC 60204-1, Safety of machinery — Electrical equipment @f machines — Part 1: Geperal
requirements

IEC 60204-11, Safety of machinery — Electrical{equipment of machines — Parl 11:
Requirements for HV equipment for voltages ahove 1 000V a.c. or 1 500V d.c. andl not
excegding 36 kV

IEC 60335-1:2010, Household and similar«électrical appliances — Safety — Part 1. Geheral
requirements

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

IEC 60664-1, Insulation coordination for equipment within low-voltage systems — Part 1:
Prindiples, requirementsand tests

IEC 161148, Termifal markings for valve device stacks and assemblies and for power
conversion equipment

IEC 61293, ‘WMarking of electrical equipment with ratings related to electrical supply — Safety
requirements

CISPR™ 1T, Inaustrial, _scientific _and medical equipment — Radioirequency disturbance
characteristics — Limits and methods of measurement

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

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

3 Terms and 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.
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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’.

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

3.1

ratecl value
quantity value assigned, generally by a manufacturer, for a specified operating condition
maclhjine

Note 1 to entry: The rated voltage or voltage range is the rated voltage or voltage range between lines
terminals.

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

3.2

rating

set

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

3.3

rated output
valug of the output included in the rating

3.4

load
all the values of the, in case of a generator, electrical and, in case of a motor, mechg
quantities that signify the demand™made on a rotating machine by an electrical circuit
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 oper
condjtions)

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

3.6

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

of rated values and operating conditions

of a

at the

nical
or a

ating

full load
load which causes a machine to operate at its rating

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

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: IEC 60050-411:1996, 411-51-06]

3.10
duty|type
contipuous, 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]

3.11
cyclilc duration factor
ratio [petween the period of loading, including startingtand electric braking, and the duratipn of
the duty cycle, expressed as a percentage

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

3.12
lockéd-rotor torque
smallest measured torque the motor-develops at its shaft and with the rotor locked, over all its
angujar positions, at rated voltage and frequency

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

3.13
locked-rotor current
greafest steady-state r.m.s. current taken from the line with the motor held at rest, over all
angujar positions-of its rotor, at rated voltage and frequency

[SOYRCE: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.

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.
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3.15
brea

kdown 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 entry:

speed.

3.16

pull-

out torque <of a synchronous motor>

This definition does not apply to motors with torques that continually decrease with increase in

maximum torque which the synchronous motor develops at synchronous speed with rated

volta

3.17
cool

procI]dure by means of which heat resulting from losses occurring in a machinghis' given

a pri

coolgnt in a heat exchanger

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

3.18

coolant

medi

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

3.19
prim
medi

contact with it, removes heat from that patt

[SOURCE: IEC 60050-411:1996, 41(1-44-03]

3.20

secondary coolant

medi

the |

[SOURCE: IEC©0050-411:1996, 411-44-04]

3.21

diregt.cooled winding
rcooted winding

inne

e, frequency and field current

ng

ary coolant, which may be continuously replaced or may itself be cooled‘by a secor

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

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

Lm, liquid or gas, which, being at a lower temperature than the primary coolant, rem

up to
dary

nd in

oves

eat given up by this primary coolant by means of a heat exchanger or through the
externnal surface of the ' machine

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 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.
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[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

3.25
thermal equilibrium
state| reached when the temperature rises of the several parts of the machine do‘not vafy 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 sfraight
lines etween points at the beginning and end of two successive intervals of half hour €ach have a gradient pf 1 K
or les$ 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 t¢mperature course in a winding after a step-wis€ current change

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

[SOYRCE: IEC 60050-411:1996, 414-39-06]

3.28

rated form factor of direct'current supplied to a d.c. motor armature from a static ppwer
cpnverter

ratio [of the r.m.s. maximium permissible value of the current I

(mean value integratedover one period) at rated conditions:

N to its average valug /.

rms,max avN

[rms, maxN

ke =
]avN

3.29
current ripple factor

ratio of the difference between the maximum value I,,, and the minimum value I, of an
undulating current to two times the average value I,, (mean value integrated over one
period):

Imax _Imin
2x1,y

Note 1 to entry: For small values of current ripple, the ripple factor may be approximated by the following
expression:

_ Imax _Imin

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

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

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
routine test
test fo which each individual machine is subjected during or after mianufacture to ascertain
whether it complies with certain criteria

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

3.33
runaway speed
maxijnum speed attained by the engine/generator{set after removal of the full load of the
genefator if the speed regulator does not function

Note 1 to entry: For motors, the maximum overspeed~at’'loss of supply is meant that a motor might reach fdriven
by the| coupled equipment

[SOYRCE: IEC 60050-411:1996, 811-17-23]

4 Duty

4.1 Declaration of duty

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

a) npmericallyy’where the load does not vary or where it varies in a known manner;

b) ap a time.sequence graph of the variable quantities;

c) by selecting one of the duty types S1 to S10 that is no less onerous than the expTcted
duty.

The duty type shall be designated by the appropriate abbreviation, specified in 4.2, written
after the value of the load.

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 (J;)
or the relative thermal life expectancy (7L), 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.
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4.2 Duty types
4.2.1 Duty type S1 — Continuous running duty

Operation at a constant load maintained for sufficient time to allow the machine to reach
thermal equilibrium, see Figure 1.

The appropriate abbreviation is S1.

P
T
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L
—
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i
i
i
i
i
i
i
|
i
i
i
i
i
i
!
|
o
IEC

Key

P load

Py electrical losses

® temperature

O nax maximum temperature attained
t time

Figure 1 — Continuous running duty — Duty type S1
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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 de-energized and at rest 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.

4

Key

P load

Py electrical losses

® temperature

O nax maximum temperature attained
t time

At operation time at constant load

P

Figure 2 — Short-time duty — Duty type S2

4.2.3 Duty type S3 — Intermittent periodic duty

NOTE Periodic duty implies that thermal equilibrium is not reached during the time on load.
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A sequence of identical duty cycles, each including a time of operation at constant load and a
time de-energized and at rest, 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 %.

")

A
Y

Y.

C

Key

P load

Py electrical losses

(&) tvlllpvldtuld

O nax maximum temperature attained
t time

Te time of one load cycle

Atp operation time at constant load
Atg time de-energized and at rest

Cyclic duration factor = A#,/T

Figure 3 — Intermittent periodic duty — Duty type S3

4.2.4 Duty type S4 - Intermittent periodic duty with starting

NOTE Periodic duty implies that thermal equilibrium is not reached during the time on load.
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A sequence of identical duty cycles, each cycle including a significant starting time, a time of
operation at constant load and a time de-energized and at rest, see Figure 4.

The appropriate abbreviation is S4, followed by the cyclic duration factor, the moment of
inertia of the motor (Jy) and the moment of inertia of the load (J,), both referred to the motor
shaft.

Example: S4 25 % J,, = 0,15 kg x m2 Joxt = 0,7 kg x m?2:
o3
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i
|
t
P
IEC
Key
P load t time
Py electrical losses T time of one load cycle
® temperature Atp starting/accelerating time
O nax maximum temperature attained Atp operation time at constant
load
Atg time de-energized and at rest

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

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


https://iecnorm.com/api/?name=041478fa591c4c5139b120bcaa80be68

4.2.5

- 20— IEC 60034-1:2017 © IEC 2017

Duty type S5 — Intermittent periodic duty with electric braking

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

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 de-energized and at rest, see
Figure 5.

The appropriate abbreviation is S5, 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.
Example: S5 25 % J,, = 0,15 kg x m?2 Joi = 0,7 kg x m?
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Key
P load T time of one load cycle
P, electrical losses Atp starting/accelerating time
® temperature Atp operation time at constant load
O nax maximum temperature attained Ate time of electric braking
t time Aty time de-energized and at rest

Cyclic duration factor = (Aty + Atp + A1)/ 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 Periodic duty implies that thermal equilibrium is not reached during the time on load.

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 de-energized and at rest, see
Figure 6.

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

Example: S6 40 %
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Key
P load t time
Py electrical losses Te time of one load cycle
® temperature Atp operation time at constant load
O nax maximum temperature attained At,, operation time at no-load

Cyclic duration factor = At,/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 Periodic duty implies that thermal equilibrium is not reached during the time on load.

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 de-energized and at
rest, see Figure 7.

The appropriate abbreviation is S7, followed by 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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IEC

Key

P load t time

P, electrical losses T time of one load cycle

® temperature Atp starting/accelerating time

0 nax maximum temperature attained Aty operation time at constant
load

Cyclic duration factor = 1 At time of electric braking

F

Figure 7 — Continuous operation periodic duty with electric braking — Duty type S7

4.2.8 Duty type S8 — Continuous operation periodic duty with related load/speed
changes

NOTE Periodic duty implies that thermal equilibrium is not reached during the time on load.
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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 de-energized and at rest (see Figure 8).

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

Example:

S8y, = 0,5 kg x m? Joyt = 6 kg x m? 16 kW 740 min~" 30 %
240 kKW 1 460 min | 30 Po
25 kW 980 min~' 40 Po

Key

P load t time

Py electrical losses T time of one load cycle

® temperature Atp starting/accelerating time

O,ax maximum temperature attained Az, operation time at constant load
(P1, P2, P3)

n speed At time of electric braking (F1, F2)

F

Cyclic duration factor = (Atp +Atp )/ To; (Atpq +Alpy) Te; (Atpy +ALpg) T

Figure 8 — Continuous operation periodic duty
with related load/speed changes — Duty type S8
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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.

Key

P load t time

P o reference load Atp starting/accelerating time

Py electrical losses Atp operation time at constant
load

® temperature Ate time of electric braking

0,.« Maximum temperature attained Atg time de-energized and at rest

n speed Atg time under overload

Figure 9 — Duty with non-periodic load and speed variations — Duty type S9

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 de-energized and at rest).
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The appropriate abbreviation is S10, followed by the per unit quantities p/At 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 de-energized and at rest, the load shall be indicated by the
letter r.

Example: S10 p/At = 1,1/0,4; 1/0,3; 0,9/0,2; /0,1 TL = 0,6

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 shJaII be
taken as the reference value (‘P in Figure 10) for the discrete loads.

The fiscrete values of load will usually be equivalent loading based on integration oyer a
period of time. It is not necessary that each load cycle be exactly the samey only that jeach
load within a cycle be maintained for sufficient time for thermal equilibrium to be reached| and
that pach load cycle be capable of being integrated to give the same¢ relative thermgl life
expeftancy.
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Key

P load t time

P, constant load within a load cycle 2 time of a constant load within a cycle

P o reference load based on duty type S1 T time of one load cycle

Py electrical losses A®; difference between the temperature rise of the
winding at each of the various loads within
one cycle and the temperature rise based on
duty cycle S1 with reference load

[C) temperature n speed

2017

5 H

5.1
The
the 1

desid
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Whe
mant
the w

NOTE|

Sped
statig

5.2
5.2.1

A rat
ther

This

5.2.2

Oref temperature at reference load based
on duty type S1

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

Rating

Assignment of rating

ating, as defined in 3.2, shall be assigned by the manufacturer. In assigning the 1
hanufacturer shall select one of the classes of ratingtdefined in 5.2.1 to 5.2.6.
nation of the class of rating shall be written after thé rated output. If no designati
d, rating for continuous running duty applies.

 accessory components (such as reactors, Capacitors, etc.) are connected by
facturer as part of the machine, the rated values shall refer to the supply terming
hole arrangement.

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

ial considerations are required when assigning ratings to machines fed from or supp
converters. IEC TS 60034-25(gives guidance on this.

Classes of rating
Rating for continuous running duty

ng at which theé machine may be operated for an unlimited period, while complying
bquirements of this document.

Rating for short-time duty

class of\rating corresponds to duty type S1 and is designated as for the duty type S1|.

ating
The
on is

the
Is of

lying

with

A rating at which the machine may be operated for a limited period, starting at ambient
temperature, while complying with the requirements of this document.

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

5.2.3

Rating for periodic duty

A rating at which the machine may be operated on duty cycles, while complying with the

requi

rements of this document.

This class of rating corresponds to one of the periodic duty types S3 to S8 and is designated

as fo

r the corresponding duty type.
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Unless otherwise specified, the duration of a duty cycle shall be 10 min and the cyclic
duration factor 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 fqr the

duty fype S9.

5.2.5 Rating for duty with discrete constant loads and speeds

A ratjng 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 taketinto consideratign all
parts| of the machine, for example, the insulation system regarding the validity of the
expopential law for the relative thermal life expectancy, bearings with-respect to tempergture,
othenl parts with respect to thermal expansion. Unless specified in other relevant| IEC
standards, the maximum load shall not exceed 1,15 times thevalue of the load based on|duty
type [S1. The minimum load may have the value zero, the ‘myachine operating at no-load or
being de-energized and at rest. Considerations for the application of this class of rating are
giver] in Annex A.

This [class of rating corresponds to the duty typex§10 and is designated as for the duty|type
S10.

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

5.2.6 Rating for equivalent loading

A rafing, for test purposes, at which the machine may be operated at constant load|until
thermal equilibrium is reached:and which results in the same stator winding temperature rise
as the average temperature rise during one load cycle of the specified duty type.

The getermination of @n equivalent rating should take account of the varying load, speed and
coolipg of the duty cyéle.

This plass of rating, if applied, is designated 'equ'.

5.3 | Selection of a class of rating

A mrr\hina manufactiurad for adoanaral niirnnca chall havia A ratina far ~antiniiAnic FitnninA dut
dchire—manufacturedforgeneralpurpose—shall-havearatingforcontinuous—running duty

p
and be capable of performing duty type 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 based on
duty type S2, see 4.2.2.

When a machine is intended to supply varying loads or loads including a time of no-load or
times where the machine will be in a state of de-energized and at rest, the rating shall be a
rating for periodic duty based on a duty type selected from duty types S3 to S8, see 4.2.3
to 4.2.8.
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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 de-energized and at rest) 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 muty types S1 to S8, the specified value(s) of the constant load(s) shall be-the rated
outpyit(s), see 4.2.1 to 4.2.8.

For dquty 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 | Rated output
5.5.1 DC generators

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

5.5.2 AC generators

The fated output is the apparent power at thesterminals and shall be expressed in|volt-
ampegres (VA) together with the power factor.

The fated power factor for synchronous generators shall be 0,8 lagging (over-excited), upless
otherwise specified by the purchaser-

NOTE| A P-Q capability diagram (powef_chart) indicating the limits of operation, provides more dg¢tailed
informfation on generator’s performance.

5.5.3 Motors

The rated output is the.mnechanical power available at the shaft and shall be expressgd in
wattg (W).

NOTE| It is the practice in some countries for the mechanical power available at the shafts of motors|to be
expregsed in hors€power (1 h.p. is equivalent to 745,7 W; 1 ch (cheval or metric horsepower) is equivalent to
736 W).

5.5. Synchronous condensers

The rated output Is the reactive power at the terminals and shall be expressed in volt-amperes
reactive (var) in leading (under-excited) and lagging (over-excited) conditions.

5.6 Rated voltage
5.6.1 DC generators
For d.c. generators intended to operate over a relatively small range of voltage, the rated

output and current shall apply at the highest voltage of the range, unless otherwise specified,
see also 7.3.
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5.6.2

AC generators

For a.c. generators intended to operate over a relatively small range of voltage, the rated
output and power factor shall apply at any voltage within the range, unless otherwise
specified, see also 7.3.

5.7

Co-ordination of voltages and outputs

It is not practical to build machines of all ratings for all rated voltages. In general, for a.c.
machines, based on design and manufacturing considerations, preferred voltage ratings
above 1 kV in terms of rated output are as shown in Table 1.

5.8

For n

respgcts at each rating.

For n

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

conti
provi
7.3 0

6 S

6.1

Unle
the @
temp
cond

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 < U <110 800
11,0 < Uy < 15,0 2 500

Machines with more than one rating

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

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

huously within two limits, the rating shall be stated at these values or limits.
sion does not apply to voltagéjand frequency variations during operation as defin
I to star-delta connections idtended for starting.

bite conditions

General

5s otherwise specified, machines shall be suitable for the following site conditions ou
asing dUring operation, for standstill, storage and transportation. The cold coolant
eratures: for different types of cooling are specified in Table 5. For site open
tions-deviating from those values, corrections are given in Clause 8.

in all

vary
This
2d in

tside
inlet
ating

Machines operating outside the range of the standard site conditions shall require special
consideration.

6.2

Altitude

The altitude shall not exceed 1 000 m above sea-level.

6.3

Maximum ambient air temperature

The ambient air temperature shall not exceed 40 °C.
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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 commutator;

d) a sleeve bearing;

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 cofplant
tempgratures 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
expefrted minimum temperature.

NOTE| Special measures may be needed before energizing the machine after longer periods of standstill, sforage
and trpnsportation. Special measures may also be needed during.the un-operational periods. See manufacfurer’s
instrugtions.

6.7 | Purity of hydrogen coolant

Hydrpgen cooled machines shall be capable of operating at rated output under fated
cond|tions with a coolant containing not less than 95 % hydrogen by volume.

NOTE| For safety reasons, the hydrogen (content should at all times be maintained at 90 % or more, it|being
assumled that the other gas in the mixture is”air.

For |calculating efficiency ('in accordance with IEC 60034-2 (all parts), the standard
composition of the gaseous mixture shall be 98 % hydrogen and 2 % air by volume, gt the
spec|fied values of pressure and temperature of the re-cooled gas, unless othefwise
agreed. Windage losses shall be calculated at the corresponding density.

7 Electrical.operating conditions

71 Electrical supply

For three-phase—a-e—machines—50-Hz—or—60-Hz—intended—to—be—directiyr—eonneeted to
distribution or utilisation systems, the rated voltages shall be derived from the nominal
voltages given in IEC 60038.

NOTE For large high-voltage a.c. machines, the voltages may be selected for optimum performance.

For a.c. machines connected to static converters these restrictions on voltage, frequency and
waveform do not apply. In this case, the rated voltages shall be selected by agreement.

For electrical machines with Type | insulation systems according to IEC 60034-18-41, which
are specifically designed for supply by voltage source converters, the manufacturer can
assign an impulse voltage insulation class (IVIC) according to IEC 60034-18-41 for the
insulation system. In this case, 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
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manufacturer. The IVIC level shall be given in the documentation and preferably on the
nameplate (see 10.2).

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

Any bus transfer or fast reclosing of an a.c. machine, as it might occur, for example, due to
the voltage ride through requirements of grid codes, can lead to very high peak currents
endangering the stator winding overhang and to a very high peak torque of up to 20 times
rated torque endangering the mechanical structure including the coupling and the driven or
driving equipment. Bus transfer or fast reclosing is therefore only allowed if specified and
accepted by the manufacturers of electric machine and driven equipment. For ratings
< 10 MA—o+—MYA—slow—reslosirg—exceeding—I-6—time he—open—ecireuit—time—eonstant is
allowled, if specified and accepted by the manufacturers of the electric machine and the'driven
equigment. For ratings > 10 MW or MVA, the allowed minimum time for slow reclosing should
be determined by transient analysis of the complete system by the system integrator and is
allowled if accepted by the manufacturers of the electric machine and the driven’equipme

7.2 | Form and symmetry of voltages and currents
7.21 AC motors

7.2.11 AC motors rated for use on a power supply of fixed frequency, supplied from an
a.c. generator (whether local or via a supply network) shallsbe’ suitable for operation jon a
supply voltage having a harmonic voltage factor (HVF) not exeeeding:

— 0]02 for single-phase motors and three-phase motérs, including synchronous motorg but
ekcluding motors of design N (see IEC 60034-12), unless the manufacturer declares
otherwise.
0

03 for design N motors.

The HVF shall be computed by using the folowing formula:

k. ,2
HVF = o
n=—2
wherp
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 a.c. motois);
k=1B.

Threg¢-phasel a.c. motors shall be suitable for operation on a three-phase voltage system
havirl]g 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 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.
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NOTE When the supply voltage is significantly non-sinusoidal, for example from static converters, the r.m.s. value
of the total waveform and of the fundamental are both relevant in determining the performance of an a.c. machine.

7.2.2 AC generators

Three-phase a.c. generators shall be suitable for supplying circuits which, when supplied by a
system of balanced and sinusoidal voltages:
a) result in currents not exceeding a harmonic current factor (HCF) of 0,05, and

b) result in a system of currents where neither the negative-sequence component nor the
zero-sequence component exceed 5 % of the positive-sequence component.

The HCF shall be computed by using the following formula:

k
HCF = /Ziﬁ
n=2

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

wherg

id the order of harmonic;
k= 1.

Shodld the limits of deformation and imbalance occursimultaneously in service at the fated
load,| this shall not lead to any harmful temperature)in‘the generator and it is recommejnded
that the resulting excess temperature rise related to the limits specified in this document
shou|d be not more than approximately 10 K.

7.2.3 Synchronous machines

Unless otherwise specified, three-phase“synchronous machines shall be capable of operating
contipuously on an unbalanced system in such a way that, with none of the phase currents
excegding the rated current, the ratio of the negative-sequence component of current (J,) to
the rpated current (/) does not(exceed the values in Table 2 and under fault conditions |shall
be prabIe of operation with the product of (I,/Iy)? and time () not exceeding the valugs in
Tableg 2.
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Table 2 — Unbalanced operating conditions for synchronous machines

Item Machine type Maximum 7,/1, value for Maximum (IZIIN)2 x tin
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
2 Direct cooled (inner cooled) stator
and/or field windings
motors 0,08 15
generators 0,05 15
synchronous condensers 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 { °
>900 <1250 MVA @ 5
>1 250 <1600 MVA 0,05 5
@ Fpr these machines, the value of 7,/I, is calculated as follows:
12 _0o08 _ Sn =350
N 3x10*
b Fpr these machines, the value of (12/1N)2 x t, in seconds, is calculated as follows:
(IZIIN)2 x t =8 - 0,005 45 (S »350)
where in the two footnotes, S\\is'the rated apparent power in MVA.

7.2,

DC motors _supplied from static power converters

In th¢ case of@-d.c. motor supplied from a static power converter, the pulsating voltagg and
curregnt affect the performance of the machine. Losses and temperature rise will incrjease
and the cemmutation is more difficult compared with a d.c. motor supplied from a purg d.c.
powgr 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:

where

[CCC— Uan —f~ 1]

CCC is the identification code from Table 3, which is based on IEC 61148;
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terminals of the converter, in V;

2017

N consists of three or four digits indicating the rated alternating voltage at the input

Figune 11 for generatorstand synchronous condensers, and Figure 12 for motors.

For ¢
apply

only to the voltages.

A machihe ‘'shall be capable of performing its primary function, as specified in Tab

conti

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
Identification 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 with any/static power converter, with or without
exterpal inductance, provided that the rated form factor for which the motor is designed will
not be surpassed and that the insulation level of the motor armature circuit is appropriale for
the rated alternating voltage at the input terminails‘of the static power converter.
In alll cases, the undulation of the static power converter output current is assumed to e so
low gs to result in a current ripple factorgnot higher than 0,1 at rated conditions.
7.3 | Voltage and frequency variations during operation
For a.c. machines rated foruse on a power supply of fixed frequency supplied from an a.c.
genefator (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

.c. machinesy*when directly connected to a normally constant d.c. bus, zones A and B

le 4,

huously within zone A, but need not comply fully with its performance at rated vo

Itage

and

Temperature rises may be higher than at rated voltage and frequency.

requency (see rating point In rFigures 11 and 1Z), and may exhibIit some deviations.

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
operate outside the perimeter of zone A. Such excursions should be limited in value, duration
and frequency of occurrence. Corrective measures should be taken, where practical, within a
reasonable time, for example, a reduction in output. Such action may avoid a reduction in
machine life from temperature effects.
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NOTE 1 The temperature-rise limits or temperature limits in accordance with this document apply at the rating
point and may be progressively exceeded as the operating point moves away from the rating point. For conditions
at the extreme boundaries of zone A, the temperature rises and temperatures typically exceed the limits specified
in this document by approximately 10 K.

NOTE 2 An a.c. motor will start at the lower limit of voltage only if its starting torque is adequately matched to the
counter-torque of the load, but this is not a requirement of this clause. For starting performance of design N
motors, see IEC 60034-12.

NOTE 3 For machines covered by IEC 60034-3, different voltage and frequency limits apply.

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 items 3 Rated torque (Nm)

3 Synchronous motor Rated torque (Nm), the excitation maintaining either rated fleld
current or rated power factor, where this js‘separately
controllable

4 Synchronous condenser Rated reactive power (kVAr) within-the zone applicable to 3

generator, see Figure 11, unless(otherwise agreed

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

6 DC generator Rated output (kW)

7 DC motor Rated torque (Nm),*the excitation of a shunt motor maintairfing
rated speed, Wwhefe this is separately controllable
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Y Y
1,08 1,10
1,05 4
/-/1 1,05
J 1 )
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1,03 N - : A 1,03
95 " 0,98 ° 1,00 ' 1,02 0,95 0,98 1,00 M,02
1 2 2] %35\_ ’
0,97 | // 0’8 |
1,0,95
0,95 i
0,92 0,90
IEC IEC
Key
X ax|s frequency p.u. 1 zone A
Y ax|s voltage p.u. 2 zone B (outside zone A)
3 rating point

Figure 11 — Voltage and frequency limits Figure 12 — Voltage and frequency limits
for generators for motors

7.4 | Three-phase.aic. machines operating on unearthed systems

Threg¢-phase alé-~'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
normEI fault clearance. If it is intended to run the machine continuously or for prolohged
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.

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.

7.5 Voltage (peak and gradient) withstand levels

For a.c. 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.
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For machines used in power drive systems (PDS), see also IEC TS 60034-25.

For machines with a specified Impulse Voltage Insulation Class IVIC, see IEC 60034-18-41 in
the case of machines designed to operate without partial discharges.

For high-voltage a.c. machines, see also IEC 60034-15.

For creepage and clearance distances of bare live copper, see |[EC 60664-1.

8 Thermal performance and tests

8.1

A th
used

It is

Thermal class

rmal class in accordance with IEC 60085 shall be assigned to the insulation systems

in machines.

he responsibility of the manufacturer of the machine to interpret the results obtaingd by
thermal endurance testing according to the appropriate part of IEC 60034-18.

NOTE[1 The thermal class of a new insulation system should not be assumed to be directly related to the thermal
capabijlity of the individual materials used in it.
NOTE| 2 The continued use of an existing insulation system is acgeptable where it has been provpd by
satisfgctory service experience.
8.2 | Reference coolant
The feference coolant for a given method of cooling the machine is specified in Table 5.
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 7 Temperature rise Ambient air
2 Air Indirect Air 7 Reference temperatyre:
40 °C
3 Air Indirect Water 7 Coolant at inlet to
] machine or ambient
4 Hydrogen Indirect Water 8 water reference
temperature of cooling
gas at inlet to machipe:
40 °C
Reference temperatdre of
ambient water: 25 °(
(see nate)
5 Air Direct None 12 Temperature Ambient air
6 Air Direct Air 12 Reference temperature:
40 °C
7 Air Direct Water 12 Gas at entry to machine
- or liquid at entry to the
8 Hydrogen Direct Water 12 windings
or liquid
Reference temperature:
40 °C

NOTE A machine with indirect cooled windings and a water cooled heat exchanger may be rated using either the
primary or secondary coolant as the reference coolant (see also 10.2 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 reference coolant.
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If a third coolant is used, temperature rise shall be measured above the temperature of the
primary or secondary coolant 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 reference coolants may apply for different windings.

8.3 Conditions for thermal tests
8.3.1 Electrical supply

During thermal testing of an a.c. 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
positlve-sequence component, the influence of the zero-sequence component\ being
elimipated.

By agreement, the negative-sequence component of the system of currents may. be measured
instepd of the negative-sequence component of the system of voltages,_The negative-
sequence component of the system of currents shall not exceed 2,5,%.6f the posdjitive-
sequence component.

8.3.2 Temperature of machine before test

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

Whep a machine is to be tested on a short-time rating{(duty type S2) its temperature gt 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 of
the readings of the temperature detectors taken at equal intervals of time during thg last
quarfer of the duration’/ of the test. To reduce errors due to the time lag of the change of
tempgrature of large’ machines following variations in the temperature of the coolanjt, all
reasgnable preeautions shall be taken to minimize such variations.

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

The temperature of the ambient air or gas shall be measured by means of several detectors
placed at different points around and halfway up the machine at 1 m to 2 m from it. Each
detector 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 temperature of the primary coolant shall be measured where it enters the machine.

8.3.4.4 Closed machines with machine-mounted or internal heat exchangers

The temperature 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.
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8.4 Temperature rise of a part of a machine

The temperature rise, A, 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
methpd, 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 hefating
in the last cycle of operation (but see also 8.7.3).

8.5 | Methods of measurement of temperature
8.5.1 General

Thre¢ methods of measuring the temperature of windings and,other parts are recognized:

—

¢sistance method;
— embedded temperature detector (ETD) method;
— thermometer method.

Diffefent methods shall not be used as a check G4pon 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 temperature detectors (e.g. resistance

thermometers, thermocouples or semi-conductor negative coefficient detectors) built intp the
maclhline duringc«construction, at points which are inaccessible after the machine is complgted.

8.5.4 Thermometer method

The temperature—is—determined—by—thermometers—apphed—to—acecessible—surfaces—of the
completed machine. The term 'thermometer' includes not only bulb-thermometers, but also
non-embedded thermocouples and resistance thermometers. When bulb-thermometers are
used in places where there is a strong varying or moving magnetic field, alcohol thermometers
shall be used in preference to mercury thermometers.

8.6 Determination of winding temperature
8.6.1 Choice of method

In general, for measuring the temperature of the windings of a machine, the resistance
method in accordance with 8.5.2 shall be applied (but see also 8.6.2.3.3).

For a.c. stator windings of machines having a rated output of 5 000 kW (or kVA) or more the
ETD method shall be used.
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For a.c. 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 a.c. 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
accofdance with Table 8, item 1d) for resistance method shall apply.

The fhermometer method is recognized in the following cases:

a)

b)

c)

hen it is not practicable to determine the temperature rise by the resistance metho
for example, with low-resistance commutating coils and compensating windings an
general, in the case of low-resistance windings, especially when thesresistance of |j
d connections forms a considerable proportion of the total resistance;

a
s|ngle layer windings, rotating or stationary;
d

uring routine tests on machines manufactured in large numbers.

For g.c. stator windings having only one coil-side per slot, the ETD method shall not be
for verifying compliance with this document: the resistancemethod shall be used.

NOTE| For checking the temperature of such windings in serviee, an embedded detector at the bottom of tH
is of l|ttle value because it gives mainly the temperature of the iron core. A detector placed between the cd
the wedge will follow the temperature of the winding much/more closely and is, therefore, better for che|
servicp. Because the temperature there may be rather low, the relation between it and the temperature med
by the|resistance method should 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

is re¢ognized. For stationary-field windings of d.c. machines having more than one layg
ETD method may be used.

8.6.2 Determination by resistance method

8.6.2.1 Measurement

One pf the following methods shall be used:

d|rectsmeasurement at the beginning and the end of the test, using an instrument hay|

d as,
d, in
oints

used

e slot
il and
cks in
sured

shall

indings of armatures having-commutators and for field windings, the resistance m¢thod

r the

ing a

syitable range;

measurement by d.c. current/voltage in d.c. windings, by measuring the current in and the

voltage across the winding, using instruments having suitable ranges;

measurement by d.c. current/voltage in a.c. windings, by injecting direct current into the

winding when de-energized;

Measurement by d.c. current/voltage in a.c. windings, by superposing small amount of d.c.

current into the winding, when energized.

8.6.2.2 Calculation

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

62 +k _R_2
O1+k Ry
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where

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

6, 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;

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
Fpr copper k=235
Fpr aluminium k = 225 unless specified otherwise.
For gractical purposes, the following alternative formula may be found conveniéent:

8.6.2,
8.6.2,

The
resis
numi

8.6.2,

If the
readi

6, — 0, =R—><(k+61)+01 -0,

3 Correction for stopping time
3.1 General
measurement of temperatures at the end of thedhermal test by the direct measureg

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 interval 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 ]
Py <50 30
50 < Py <200 90
200 < Py <5000 120
5000 < Py By agreement

ment
uate

that

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—s all be suitably dis
installed shall be not less than six.

All r¢asonable efforts, consistent with safety, shall be made to place the detéctors aft the
points where the highest temperatures are likely to occur, in such a manngr ‘that they are
effectively protected against contact with the primary coolant.

The highest 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 ohe 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 fetectors shall be located between the insulated coil-sides within the slot in positions at
which 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 insulatipn 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 adequately
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 tgken that the stress grading of the insulation is not compromised and that the diffefence
of patential along the winding overhang does not cause problems. In addition, the groupd of
the measuring system is thus directly capacitive coupled to the HV-system. Disconnectipn of
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.
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The highest reading from any thermometer shall be taken to be the temperature of the
winding or other part of the machine.

8.7
8.7.1

Duration of thermal tests

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 guratiomof thetestsattbethetime giverrim the Tating:

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 tempergature
cyclgs are obtained. The criterion for this shall be that a straight line between the
corrgsponding points of successive duty cycles on a temperature plot-has a gradient ofl less
than |1 K per half hour. If necessary, measurements shall be taken at reasonable intdrvals
over ja period of time (see 3.25).

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

The
until

8.8

The

suita
cooli
1,44

the full load temperature rise, after its disconnection from the supply.

8.9

Eithe

The

Table 7.

rating for equivalent loading assigned by the manufacturer (see 5.2.6) shall be ap
thermal equilibrium has been reached.

Determination of the thermal equivalent'time constant for machines of duty ty
S9

ble for approximate determination\of the temperature course, can be determined fron
ng curve plotted in the same(manner as in 8.6.2.3. The value of the time const3
times (that is to say, 1/In(2)-times) the time taken by the machine to cool to one-h

Measurement of bearing temperature

r the thermométer method or the ETD method may be used.

measuring<{point shall be as near as possible to one of the two locations specifi

plied

pe

thermal equivalent time constantowith ventilation as in normal operating condifions,

n the
nt is
alf of

bd in
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Table 7 — Measuring points
Type of bearing Measuring point Location of measuring point
Ball 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
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

nhe distance Is measured 10 the nearest point of the ETD or thermometer bulb.

hner ring and point B on the outer surface of the stationary part as close as possible to the innef ring.

he bearing shell is the part supporting the bearing material and which is secured in the ‘housing.
ressure zone is the portion of the circumference which supports the combination of rotor weight and r
bads.

" the case of an ‘inside out’ machine, point A will be in the stationary part not more than 10 mm_from the

The
hdial

The
is to
cond

NOTE|
bearin
bearin
tempe
the te

8.10
8.10.

Limit

rating for continuous running duty (reference conditions), followed by rules for the adjust

of th
rules
diffen

It is
cond
temp

The |

A rul

hermal resistance between the temperature detector and theebject whose temper
be measured shall be minimized; for example, air gaps shallybe packed with ther
Licting paste.

Between the measuring points A and B, as well as betweenrthese points and the hottest point
g, there are temperature differences which depend, among/other things, on the bearing size. For
gs with pressed-in bushings and for ball and roller bearings\ywith an inside diameter of up to 150 m
rature difference between points A and B may be assum€d“to be negligible. In the case of larger beg
mperature difference between measuring points A and B.is‘approximately 15 K.

Limits of temperature and of temperature rise
1 General
5 are given for operation under._site operating conditions specified in Clause 6 a
pse limits when operating «at Site under other conditions and on other ratings. F(

give adjustments to the-limits during thermal testing when conditions at the tes
from those at the operating site.

understood thatthe temperature of the hottest point of each winding under refer
tions, i. e. the rated conditions, generally does not exceed the agreed thermal
erature of theninsulation system.

imits are-stated relative to the reference coolant specified in Table 5.

ature
mally

pf the
tleeve
m, the
rings,

nd at
ment
rther

site

ence
class

BAis_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
coolant) 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 specified in Table 8 or Table 9, depending on the machine design and the cooling
system. It is not intended to compare ETD and R method against each other.

For other operating site conditions, for ratings other than continuous running duty, and for
rated voltages greater than 12 000 V, the limits shall be adjusted according to Table 10. (See
also Table 11 for limit on coolant temperature which is assumed in Table 10.)
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In the case of thermometer readings made in accordance with 8.6.1, the limit of temperature
rise shall be according to Table 8.

If, for windings indirectly cooled by air, conditions at the test site differ from those at the
operating 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.

No a’*ljncfmnnfc at the test site are gi\lnn for \Alinr'lingc indirnr\fly cooled hy hyr’lrngnn’ because
it is yery unlikely that they will be tested at rated load anywhere other than at the openating
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 P < 150 kPa (1,5 bar) - 854 - 1054
> 150 kPa < 200 kPa (2,0 bar) N 802 1002
> 200 kPa < 300 kPa (3,0 bar) - 782 - Dg @
> 300 kPa < 400 kPa (4,0 bar) - 732 = D3 @
> 400 kPa - 702 - PO @
2a | [|AC windings of machines having outputs of less than 80 852 100 1102@
5 000 kW (or kVA), or having a core length of less than 1 m
2b | | DC field windings of a.c. and d.c. machines other than those 80 - 105 -
in 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 F¢r adjustment for high-voltage a.c. windings see item 4ef\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 providedithat the under layers are each in contact with the circulating
pfimary 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 (¢,) and for
altitudes of up to

1 000 m.

0°C<6,<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

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 thah

5 K:

For a higher altitude
replace 40 °€ with the
value giveniin Table 11.

0°C<6 <40°C

40°C< g,<60°C

9, <0 °Cor 6,>60°C

The limit of temperature rise A6 for cold gap
temperature @, shall be

frhel — Oc

NG = Nyt
" Ornt — Ocref

with
A6

i limit of temperature rise according

to Table 8 or Table 9 at 40 °C

temperature of the thermal class
(for example 130 °C or 155 °C)

ThCI

reference cold coolant temperature
(40 °C)

Cref

Reduced by the amount by which the coolapt
temperature exceeds 40 °C

By agreement

Maximum temperature of
the water at the inlet to
water-cooled heat
exchangers or maximum
temperature of the
ambient water for
submersible machines
with surface cooling or
machines with water
jacket cooling (6,)

5°C<,<25°C

9, >25°C

mcreased by 15 K and by the difference
between 25 °C and 0,

Increased by 15 K and reduced by the
difference between ¢, and 25 °C
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Item | Operation conditions or Adjustment to limit of Item
rating temperature rise (A6) in
Table 8 and Table 9
3a Altitude (H) — general 1000m<H<4000m No adjustment. It shall be assumed that the
rule and maximum ambient reduced cooling resulting from altitude is
air temperature not compensated by a reduction of maximum
specified ambient temperature below 40 °C and 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 power plant generators
generator specific of the purchaser should be adjusted and is a function of the
altitude (air pressure). No adjustment, of the
capability is needed for power plant’genergtors
if the absolute coolant pressure is maintained
constant regardless of the altitude®
4 Rated stator winding 12 kV < Uy < 24 kV A6 for embedded temperature.detectors (ETD)
voltage (Uy) shall be reduced by 1 K for each 1 kV (or pprt
thereof) from 12 kV upn\o 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) A0 may be exceeded for short periods duripg
the operation of the machine
7b Rating for duty with discrete loads (S10) A¢'may be exceeded for discrete periods
daring the operation of the machine
a8 Assuming the decrease in ambient temperature is 1 %_efithe limiting rises for every 100 m of altitude above
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)
m Temperature
°C

1,000 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.

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

8.10. Commutators and sliprings, open or enclosed and their brushes and brushgear

The femperature rise or temperature of any commutator, slipring, brush or brushgear shall not
be detrimental to the insulation of that part or any adjacent part.

The femperature rise or temperature of a commutator or slipring shall .not exceed thiat at
whiclh the combination of brush grade and commutator or slipring material can handl¢ the
current over 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 Ad;
1 Temperature difference of Absolute value of AL = A0
reference coolant at test site
(6,7) and operating site (6,) (0 = Opp) < 30 K
Absolute value of By agreement

{7, - 6,1)> 30 K

2 Difference of altitudes of test 17000m<H<4000m

site (H;) and operating site (H) D0, = A 1- H -1000m
Hy<1000m —10000m

H<1000m , o M, ~1000m

1000m<H <4000m | A0T =AQ T

1000 m < H <4 000m =
AO- = AQ| 14 ———
1000 m < Hy < 4 000 m O = A 5 o0om

H>4000m or H; >4 000 m |By agreement

NOTE 1, A@is given in Table 8 and adjusted if necessary in accordance with Table 10.

NOTE2—tftemperature ise s to be measuredabove thetemperature of thewaterwhereitemnters thecooter, 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.
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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
a.c. windings. These temperatures are
preferred to the values given in item 2
as the basis of rating.
18) Szs \ail, :lyulluycll, fretionm; c?.\.,.) +46 = = 136 = -
1b)| |Water 90 - - 90 - -
2 | |AC windings ]
2a)| |Gas cooled - - 1202 - = 452
2b)| |Liquid cooled |
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 -
3 and 4 105 - - 120 -
5and 6 110 - - 125 -
7 to 14 115 - - 130 -
above 14 120 - - 135 -
3b)| |Liquid cooled Observance of the\maximum coolant temperature given in
item 1b) will ensure that the hotspot temperature of the winqing
is not excessive
4 Field windings of a.c. and d.c.
machines having d.c. excitation other
than in item 3.
4a)| |Gas cooled 130 - - 150 -
4b)| |Liquid cooled Observance of the maximum coolant temperature given in
item 1b) will ensure that the hotspot temperature of the winding
is not excessive

a Np adjustment in the case of high-valtage a.c. windings is applicable to these items, see Table 14, item 3.

b The rotor ventilation is classified oy the number of radial outlet regions on the total length of the rotor. Sgecial
oytlet regions for the coolant ofthe end windings are included as one outlet for each end. The common ¢utlet
rggion of two axially opposed-flows is to be counted as two regions.

Tlable 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
Item Operating condition or rating Adjustment to limit of temperature in Table 13

1 Temperature g, of U CTI9 <40 C Reduction by the amount of the difference betwee
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 6.
40°C<¢,<60°C No adjustment
6,<0°Cor 6, >60°C |Byagreement
2 Rated stator winding No adjustment

voltage (Uy)

Uy > 11kV

The heat flow is mainly towards the coolant inside the
conductors and not through the main insulation of
the winding.
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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 0,
1 Difference of reference Absolute value of Or=0
coolant temperatures of
test site (6,;) and (6, = ;) < 30K
operating site (6,) Absolute value of By agreement
(6,-6,4)>30K
2 Differenceofattitudes o000 M < I7 < 4 000
of test site (H;) and 0 =(0-0, 1_m + 0,
operating site (H) Hy<1000m 10000 m
H<1000m ( H- —1000 m
0 =(6-6,)1+———1+¢
1000m<HT§4000m T C{ 10 000 M ] cT
1000m < H<4000m HylH
0 =0-6. ) 1+H="——|+86
1000 m < H, <4 000 m r=(o-0, ~40000m | et
H>4000m or H. >4 000 m |Byagreement
NOTE @is given in Table 13 and adjusted if necessary in accordance with<{Jable 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

asse
asse
not

mbled at the factory of the manufacturer. The machine needs not be comp

machines.

The

minimum test schedule s listed in Table 16 and is applicable for machines with

output £ 20 MW (MVA)that are assembled and tested in the factory. Additional routine

may
sync

be performed _éspecially on machines with ratings above 200 kW (kVA). The
hronous machines includes brushless permanent magnet machines.

n are
etely

mbled. It can lack components which are not significant for the testing. Routine tesfs do
need the machine to be coupled except for the open-circuit test on synchrgnous

rated
tests
term

For d.c. 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

Number Test Induction machines Synchronous DC machines
(including machines with separate or
synchronous shunt excitation
induction motors) 2 Motors | Generators

1 Resistance of windings (cold) Yes Yes Yes

2 No-load losses and current © Yes - -

3a No-load losses at unity power - Yes d -
factor P

3 No-load excitation current at - Yes d -
rated voltage by open-circuit
test ®

4 Excitation current at rated - - Yes
speed and rated armature
voltage

5 Open circuit secondary induced Yes - -
voltage at standstill (wound
rotor)®

64 Direction of rotation Yes Yes - Yes

6 Phase sequence - — Yes -

7 Wlthstgnd voltage test Yes Yes Yes
according to 9.2

O
lunl

C 60050-411:1996, 411-33-04.
ermanent magnet machines excluded.
or safety considerations this test may be performed atireduced voltage.

hly one of the tests 3a or 3b is required.

Q.
Z O =m =T

b stabilization of temperature required for measufement 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 core and the windings not under test connected to the frame. It
shall| be applied only tona new and completed machine with all its parts in place uUnder
cond|tions equivalent\to normal working conditions and shall be carried out af the
manyfacturer's factory or after erection on site. A withstand voltage test shall be carriefl out
after [the completion-of the full test sequence.

NOTE|1 For high' voltage machines, additional methods as described in the parts of IEC 60034-27 can be uked to
proof 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 d.c. 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 d.c. test, the surface potential distribution along the end winding insulation
and the ageing mechanisms are different from those occurring during an a.c. 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
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
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than 10 s. The full test voltage shall then be maintained for 1 min in accordance with the value
as specified in Table 17. There shall be no failure (see IEC 60060-1) during this period.

During the routine testing of quantity produced machines up to 200 kW (or kVA) and rated for
Uy £ 1KV, the 1 min test may be replaced by a test of 1 s at 120 % of the test voltage
specified in Table 17.

The withstand voltage test at full voltage made on the windings on acceptance shall not be
repeated. If, however, a second test is made at the request of the purchaser, after further
drying if considered necessary, the test voltage shall be 80 % of the voltage specified

in Ta

ble 17.

To d

etermine the test voltage from Table 17 for d.c. motors supplied by stafic’ p

ower
rated

converters, the direct voltage of the motor or the r.m.s. phase-to-phase valuejof-the
alter;l:ating voltage at the input terminals of the static power converter shall be U(ised,
whiclhever is the greater.

Voltdge variation according to 7.3 should not be considered when \determining the| test

voltape.

Completely rewound windings shall be tested at the full test voltage-for new machines.

Whenp a user and a repair contractor have agreed to carry out withstand voltage tests in qases

where windings have been partially rewound or in the-case of an overhauled maching, the

following procedure is recommended:

a) pprtially rewound windings are tested at 75-% of the test voltage for a new machine.
Before the test, the old part of the winding shall be carefully cleaned and dried;

b) oyerhauled machines, after cleaning andcdrying, are subjected to a test at a voltage ¢qual
te 1,5 times the rated voltage, with a minimum of 1 000 V if the rated voltage is equal|to or
greater than 100 V and a minimum. of,;500 V if the rated voltage is less than 100 V.

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 kWi\(of kVA) and of rated
voltage less than AQQ"V with the exception of
those in items 4-te.8

2 Insulated windings of rotating machines of rated | 1 000 V + twice the rated voltage with a minimum |of
output less than 10 000 kW (or kVA) with the 1500Vv?@
exceptionof those in item 1 and items 4 to 8 °

3 Insulated windings of rotating machines of rated
output 10 000 kW (or kVA) or more with the
€xception of those in items 4 to 8 ©
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 d.c. 1 000 V + twice the maximum rated circuit voltage with
machines a minimum of 1 500 V

5 Field windings of synchronous generators,
synchronous motors and synchronous
condensers.

5a) | Rated field voltage:
- up to, and including 500 V, Ten times the rated field voltage with a minimum of
1500V

- above 500 V. 4 000 V + twice the rated field voltage
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Item Machine or part Test voltage (r.m.s.)

5b) | When a machine is intended to be started with Ten times the rated field voltage with a minimum of
the field winding short-circuited 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 starting
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 Secondary (usually rotor) windings of induction
machines or synchronous induction motors if not
permanently short-circuited (e.g. if intended for
rheostatic starting)

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

from standstill only measured between slip-rings or secondary terminals
with rated voltage applied to the pfimary 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 tg mhich 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 500V

connected to earth or disconnected from the
field windings during starting

Exception 2: separately excited field windings of
exciters (see item 4)

8 Electrically interconnected machines and Avrepetition of the tests in items 1 to 7 above shodld
apparatus be avoided if possible, but if a test is performed op a
group of machines and apparatus, each having
previously passed its withstand voltage test, the tgst
voltage to be applied to such an electrically conngcted
arrangement shall be 80 % of the lowest test voltgge
appropriate for any individual piece of the
arrangement ¢

9 Devices that are in physical contact with 1500 V
windings, for example, temperature detectors,
shall be tested to the machine frame.

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

br two-phase wihdings having one terminal in common, the voltage in the formula shall be the highest f.m.s.
ltage arising<between any two terminals during operation.

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

F
v
b Withstand fests on machines having graded insulation should be the subject of agreement.
T
s
m

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

¢ The leakage current drawn by the machine during withstand voltage test will vary according to the size of the
machine.

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
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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 a.c. 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 component of
current under fault conditions, see 7.2.3.

9.3.2 Generators

AC generators having rated outputs not exceeding 1200 MVA shall be capable of
withs]tanding a current equal to 1,5 times the rated current for not less than 30 s.

AC denerators having rated outputs above 1 200 MVA shall be capable of withstanding a
currgnt equal to 1,5 times the rated current for a period which shall be agreed, lbut this pgriod
shalllbe not less 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 voltageq not
excegding 1 kV shall be capable of withstanding:

— alcurrent equal to 1,5 times the rated current for not less thdan 2 min.

NOTE| For polyphase motors having rated outputs above 315 kW _,and all single-phase motors, no occgsional
exces$ current is specified.

9.3.4 Commutator machines

A commutator machine shall be capable of withstanding, for 60 s, 1,5 times rated cyrrent
undef the appropriate combination of conditions as follows:

a) speed:
1) d.c. motor: highest full-field speed,;
2) d.c. generator: rated speed;
3) a.c. commutator motor: highest full-field speed,;
b) afmature voltage: that corresponding to the specified speed.

NOTE| Attention should-be.given to the limits of commutation capability.
9.4 | Momentary\excess torque for motors
9.4.1 Polyphase induction motors and d.c. motors

Motors¢{ whatever their duty and construction, shall be capable of withstanding an excess
torque_af at least 60 % of their rated torque for 15 s without either Q’ralling ar pxhihitirg 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 d.c. motors, the excess torque shall be expressed in terms of overload current.

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

shall

be the subject of agreement.

For cage-type induction motors specially designed to ensure a starting current of less than
4,5 times the rated current, the excess torque can be below the value of 60 % given in
paragraph 1, but not less than 50 %, or the value of the excess torque shall be the subject of
agreement.

In the case of special types of induction motors with special inherent starting properties, for
example motors intended for use at variable frequency or induction motors supplied from
static_ converters, the value of the excess torque shall be the subject of agreement.

9.4.2

Unle
capa
sync

Polyphase synchronous motors

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

Il be
ut of
\Vhen

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

equif

S
- S
S

9.4.3

The

be the subject of agreement.

ment operating under normal conditions:

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

Other motors

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

shall

rated

9.5 | Pull-up torque

Unless otherwise specified (for example machines according to IEC 60034-12), the pull-up
torqgue of cage induction motors under full voltage shall be not less than 0,3 times the
torque.

9.6 | Safe operating speed of cage induction motors

All three-phase single=speed cage induction motors of frame number up to and including

and
spee
plate

or voltages_up 10 and including 1 000 V shall be capable of safe continuous operati
s up to thevappropriate speed given in Table 18 unless otherwise stated on the r

315
On at
ating
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redu

9.7

Maclhines shall be designed to withstand the,speeds specified in Table 19.

An o
spec

overgpeed test shall be considered.as satisfactory if no permanent abnormal deformati

appa
from
requi

Due
minu
abno

Durir
be d

that fhe<balance is satisfactory up to that speed.
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Table 18 — Maximum safe operating speed (min-1) of three-phase
single-speed cage induction motors for voltages up to and including 1 000 V

2017

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 4500 2700 2 400
180 4 500 2700 2 400
200 4 500 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.

alance the motor rotor for acceptable operation above rated speed. Bearing life m3
ed. Attention should be paid to the re-greasing.intervals and the grease service life.

Overspeed

fied and has been agreed. (For-turbine-type a.c. generators, see also I[EC 60034-3

rent subsequently, and no other weakness is detected which would prevent the ma
operating normally, apdyprovided the rotor windings after the test comply with
red dielectric 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
e permanent ‘increase in the diameter is natural, and not to be considered 4
rmal deformation indicating that the machine is not suitable for normal operation.

g commissioning of a hydraulic-turbine driven synchronous generator, the machine
iven at'the speed it can reach with the overspeed protection operating, so as to asce

Whenp operating at speeds above rated speed, for example, whén used with adjustable srlpeed
cont%ls, noise and vibration levels will increase. The userfmay require the manufactu

er to
y be

verspeed test is not normally considered necessary but can be performed when this is

L) An
on is
chine
the

Cc., a
S an

shall
rtain
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Table 19 — Overspeeds

Item Machine type Overspeed
1 AC machines
All machines other than those specified | 1,2 times the maximum rated speed
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,acCidentglly
disconnected, the words ‘no-load speed’ shall be interprefed
to mean the lightest load condition possiblerwith the load
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 speed,-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 nqt
exceeding 1,5 times the highest rated speed
2c) Compound excited motors having The manufactdrer shall assign a maximum safe operating
speed regulation greater than 35 % speed which shall be marked on the rating plate. The
and series motors overspeed, for these motors shall be 1,1 times the maximyim
safe operating speed. The safe operating speed marking |s
not required on motors that are capable of an overspeed pf
1,1.times the no-load speed at rated voltage
2d) Permanent-magnet excited motors Overspeed as specified in item 2a) unless the motor has p
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 synchrdgnous
maclhjines, including turbine-type machines not covered by IEC 60034-3, in the case of short
circult on all phases during operation at rated voltage, shall not exceed 15 times the |peak
valug or 21 times-the r.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 {imes

the rfted voltage 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 d.c. or a.c. 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.

9.11
9.11.

The
of 30
frequ

Total harmonic distortion (THD) for synchronous machines
1 General

equirements of this subclause apply only to synchronous machines having rated ou
0 KW (or kVA) or more, intended for connection to power networks operating at no

the mpachines.

9.11.

Whe
(THD
9.11.

NOTE
above

9.11.

Type
of frg
harm

Eithe
spec

2 Limits

) of the line-to-line terminal voltage, as measured aceording to the methods laid do
3, shall not exceed 5 %.

bquencies measured shall covertall harmonics from rated frequency up to the
onic.

r the THD may be meéasured directly by means of a meter and associated ne
ally designed for the ‘purpose, or each individual harmonic shall be measured and

the measured values the FHD shall be computed using the following formula:

k
THD = fzu,f
n=2

tputs
minal

encies of 16 2/3 Hz to 100 Hz inclusive, with a view to minimizing.ifitérference cause¢d by

n tested on open-circuit and at rated speed and voltage, the total harmonic distgrtion

vn in

Limiting values of individual harmonics are not specified as it is considered that machines which mqget the
requirements will operate satisfactory.
3 Tests
tests shall be carried out on a.c..machines to verify compliance with 9.11.2. The rfange

100th

work
from

wherp

u, IS the Tatio of the tine-to-fine terminat voitage U, of the farmomnic 77 of the machine t
line-to-line terminal fundamental voltage U, of the machine;

n is the order of harmonic;

k=100.

10 Rating plates

10.1

General

the

Every electrical machine shall be provided with a rating plate(s). The plates shall be made of
durable material and be securely mounted. The writing has to be made with durable print.
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The rating plate(s) shall preferably be mounted on the frame of the machine and be located so
as to be easily legible in the position of use determined by the type of construction and
mounting arrangement 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,
supply a second plate to be mounted on the equipment.

10.2 Marking

Machines with rated outputs up to and including 750 W (or VA) and dimensions not covered
by IEC 60072 shall be marked with the information given in items a), b), 1), m), aa) and cc)
below as a minimum. For special-purpose and built-in machines with rated outputs up to and
inclugimg—3—kW—(orkVA)terms—a); o) H—amd—m)—shattbemmarked—=as—a o —amnd—iter
may pe provided in another form.

In alll other cases, rating plate(s) shall be durably marked with the items in the“following
as fa[ as they apply. The items need not all be on the same plate. Letter symbols*for units

quan

If the

ities shall be in accordance with IEC 60027-1 and IEC 60027-4.

rating plate(s).

The (Ltems are numbered for convenient reference, but the order/in which they appear o

rating

a)
b)

plate(s) is not standardized. Items may be suitably combined.

Tlhhe 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 of a group of machines which are|
to the|same electrical and mechanical design and are produced in one batch using the same technology.

c)

Information to identify the year of manufacture. This shall be marked on the rating pl3
bg given on a separate data sheet to He provided with the machine.

NOTE|2 If this information can be obtained from the manufacturer by quoting the data specified in item b),
be omjitted from both the rating plate and the_separate data sheet.

d)
e)
f)

k)

1)

The manufacturer's machine-code.
Fpr a.c. machines, the number of phases.

The number(s) of_‘the rating and performance standard(s) which are appli
(IEC 60034-x and/onequivalent national standard(s)). If IEC 60034 is marked, this im
cpmpliance withlall the other relevant standards of the IEC 60034 series. If IEC 60034
nmlarked, this implies compliance with the standard itself, not with the references.

The degree‘of protection provided by the integral design of the rotating electrical ma
(IP code)in accordance with IEC 60034-5.

1 bb)

) list,
and

manufacturer gives more information, this needs not necessarily be marked onf the

n the

made

te or

t may

cable
plies
}-1 is

chine

1.

The/method of cooling (IC code) in accordance with IEC 60034-6 in case it is not 1C41
F

£ 10 onnn 4l

4 HF N 4l 4220 ££: o0 1 LI ala) ol bl
UT TITOUTUT S WILTHIT e SsLCUPT UT ' TE'U UUUIOF=IU, UTT TIUITTIVY Uldoso (T CUUT) altu 11T

efficiency as specified in IEC 60034-30.

ated

The thermal class and the limit of temperature or of temperature rise (when lower than that

of the thermal class) 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.

The class(es) of rating of the machine if designed for other than rating for contin
running duty S1, see 5.2.

The rated output(s) or range of rated output.

m) The rated voltage(s) or range of rated voltage.

n)

For a.c. machines the rated frequency or range of rated frequency.

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

o) For synchronous machines excited by permanent magnets the open circuit voltage at
rated speed.

p) The rated current(s) or range of rated current.

q) The rated speed(s) or range of rated speed.

r) The permissible overspeed if other than specified in 9.7.

or
the—madmum—safe—eperating—speed—itess—than——0-6—er——the—machinre—s—designed
eppecially for variable speed operation.

s) Fpr d.c. machines with separate excitation or with shunt excitation and for synehrognous
nmlachines, the rated field voltage and the rated field current.

t) Fpr a.c. machines, the rated power factor(s).

u) Fpr wound-rotor induction machines, the rated open-circuit voltage between slip-ringg and
the rated slip-ring current.

v) The rated form factor and the rated alternating voltage at the input terminals of the $tatic
ppwer converter, when this exceeds the rated direct voltage of\the motor armature cirguit.

w) The maximum ambient air temperature, if other than 40 °C/
The maximum water coolant temperature, if other than 25 °C.

x) The minimum ambient air temperature if other than-specified in 6.4.

y) The altitude for which the machine is designed (if/exceeding 1 000 m above sea-levell.

z) Fpr hydrogen-cooled machines, the hydrogen. pressure at rated output.

aa) When specified, the approximate total masssof the machine, if exceeding 30 kg.

bb) Fpr machines suitable for operation_in“only one direction of rotation, the directign of

—

q

cc) T
Iq
dd) H
o]

Two
indic

For n
IEC ¢

hsily visible.

he connecting instructions in accordance with IEC 60034-8 by means of a diagram o
cated near the terminals.

IEC 60034-12:2016.indicating the starting requirements.

different ratedvalues shall be indicated by X/Y and a range of rated values shg
hted by X-Y (se€ IEC 61293).

nachines specified with an Impulse Voltage Insulation Class (IVIC), the IVIC accordi

on thle rating plate.

tation, indicated by an arrow. Thiscarrow needs not be on the rating plate, but it shall be

r text

or motors within the scope of IEC 60034-12, the design letter(s) as specified in Clalise 5

Il be

ng to

0034=18-41 shall be listed in the documentation of the machine and should be marked

Except for normal maintenance, 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

repai

r and the changes made.

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:
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a)
b)
c)

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

they have rated voltages up to 50 V a.c. or 120 V d.c. 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 50 V a.c. or 120 V d.c., but not
exceeding 1000V a.c. or 1500V d.c., 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.

Maclhlines for rated voltages greater than 1 000 V a.c. or 1 500 V d.c. shall have ati"ear
terminal on the frame, for example an iron strap, and in addition, a means inside'‘the ter
box fpr connecting a conducting cable sheath, if any.

The
condpctor without any damage to the conductor or terminal. Accessible conducting
whiclh are not part of the operating circuit shall have good electricalcontact with each
and with the earthing terminal. When all bearings and the rotor‘winding of a maching are
insulated, the shaft shall be electrically connected to the’, earthing terminal, unless

manufacturer and the purchaser agree to alternative means, of protection.

When an earthing terminal is provided in the terminal box, it shall be assumed tha
earthiing conductor is made of the same metal as the lead conductors.

When an earthing terminal is provided on_the frame, the earthing conductor may
ment, be made of another metal (forr€Xample, steel). In this case, in designing the
terminal, proper consideration shall be given-to the conductivity of the conductor.

agre

The parthing terminal shall be desighed to accommodate an earthing conductor of ¢

earthing terminal shall be designed to ensure a good connection with the ear

thing
minal

thing
parts
bther

the

t the

, by

ross-

sectipnal area in accordance with Table 20. If an earthing conductor larger than the size given
in the table is used, it is recommended that it should correspond as nearly as possible tg one
of the other sizes listed.

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

— that of the phase conductor for cross-sectional areas less than 25 mm?;

— 2p mm? foreross-sectional areas between 25 mm?2 and 50 mm?2;

— 5D % ofthat of the phase conductor for cross-sectional areas exceeding 50 mm?2,

For generators 2 20 MVA the earthing conductor cross-sectional area outside the maghine

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.

NOTE 2 For small machines with frame sizes below 63 mm, proper earthing may be provided by the flange alone.
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Table 20 — 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

Shaft-end key(s)

h a machine shaft end is provided withxone or more keyways, each shall be provided
llkey of normal shape and length.

General

21 and the declared value on the rating plate or in the catalogue. As long as

iance is the maximum allowed deviation between the test result of a quantity
dures and test.equipment according to IEC standards are used, the test result sha|

with

from
test
| not

excegd the allowed deviation independent of test laboratory or equipment. Tolerance doegs not
covel the uncértainty of a test procedure, i.e. the deviation between the test result angd the

true

alue.

NOTE| «In case of a series production the tolerance applies to any selected sample, i.e. tolerance covers variations

in rawbmaterial properties—and manufacturing nrocedurss
w ProP I T

12.2

Tolerances on values of quantities

Unless stated otherwise, tolerances on declared values shall be as specified in Table 21.
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Table 21 — Schedule of tolerances on values of quantities

Item Quantity Tolerance
1 Efficiency 7
— machines up to and including 150 kW (or kVA) (=15 % of (1 = 7)
— machines above 150 kW (or kVA) -10 % of (1 —n)
2 Rated field current of synchronous machines +15 % of the value
3 Power-factor, cos ¢, for induction machines and |-1/6 (1 — cos ¢)
permanent magnet synchronous machines .
operatina direct on-line Minimum absolute value 0,02
Maximum absolute value 0,07
4 Speed of d.c. motors (at full load and at working
temperature) @
4a)l |Shunt and separately excited motors 1000 Py/ny < 0,67 + 15.%
0,67 < 1000 Py/ny<2,5 +.70 %
2,5 < 1000 Py/ny <10 +7,5%
10 < 1000 Py/ny + 5%
4b)| | Series motors 1 0004 /m < 0,67 +20 %
0,67 < 1000 P/ny < 2,5 +15 %
2,5,<M 000 P\/ny <10 +10 %
10. < 1000 Py/ny +7.5%
4c)| [Compound excited motors Tolerances as for item 4b) unless otherwise agr¢ed
5 Variation of speed of d.c. shunt and compound +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 d.c. genérators, +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 power-factor 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-load
voltage.)
8 a Slip of induction-machines (at full load and at
working tefaperature)
Py < 1kW +30 % of the slip
Py=1kW +20 % of the slip
8b Speed of a.c. (commutator) motors with shunt — on the highest speed:
characteristics (at full Toad and at working
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
with any specified starting apparatus
10 Locked rotor torque of cage induction motors jg % of the torque.
(+25 % may be exceeded by agreement)
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
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Item Quantity Tolerance
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
1,5 times the rated torque, see 9.4.2

16 Peak value of short-circuit current of an a.c. +30 % of the value
generator under specified conditions

17 Steady short-circuit current of an a.c. generator +15 % of the value
at specified excitation

18 Moment of inertia +10 % of the value

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

& Tplerances in item 4 depend on the ratio of rated output P in kW, to rated speed in min~",

13 Electromagnetic compatibility (EMC)

13.1| General

The EMC requirements specified in this clause apply todrotating electrical machines with rated
voltapes not exceeding 1000V a.c. or 1500V ,dic! intended for operation and usge in
residential, commercial or industrial environments,

Electronic components mounted inside a rotating electrical machine and which are essé¢ntial
for it$ operation (for example rotating excitation devices) are part of the machine.

Regyirements which apply to the final drive system and its components, for example power
and |control electronic equipmentycoupled machines, monitoring devices, etc., whgther
mounted inside or outside the machine, are outside the scope of this document.

The fequirements of this clause apply to machines that are supplied directly to the end-uger.

NOTE|1 The purpose of thi§ clause is to give advice for contractual agreements between supplier and end-ufser.

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

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

NOTE 3~ As the generator {m a power prant 15 oftem a very farge 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.

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.
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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), immunity tests are not required.

13.3 Emission

For machines intended for use in residential environments, radiated and conducted emissions
shall comply with the requirements of CISPR 11 for class B group 1 equipment, see Table
B.1.

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 withva rated
input| power of < 20 kVA , independently from their actual rated input power. Thése 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 testsishall be carried out in accordance
with CISPR 11 and the respective parts of the CISPR 18,standards series as applicable. [Type
tests|on rotating electrical machines intended for assémbly into final products in the scope of
CISHR 14 shall be carried out also observing 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|tion.

Machines 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 gctual
rated input power, when tested without a load. Such machines need to be denoted as cldss A
components.

Cagd induction machines do not need to be measured.

Emisgions at términals intended for earthing or grounding do not need to be measured.

14 Safety

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.

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, IEC 60034-7, IEC 60034-8, IEC 60034-9, IEC 60034-11, IEC 60034-12 and
IEC 60034-14.
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In addition, it may be necessary to consider limitation of the surface temperature and similar
characteristics; see for example |IEC 60335-1:2010, Clause 11: Heating.
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A1

A.2
life €
calcy

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.

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

lated by the following formula:

A®;

—ZAT x2 k

ative

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

ke of

with

s of

wherp

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

A©; is the difference between the temperature riseof the winding at each of the various
loads within one cycle and the temperatdre“rise based upon duty type S1
reference load;

At; is the p.u. time of a constant load within a'load cycle;

k is the increase in temperature rise inK, which leads to a shortening of the thermal life
expectancy of the insulation systenr by 50 %;

n is the number of discrete values of load.

A.3 |The quantity TL is an integral part of the unambiguous identification of the cla

rating.

A.4 |The value of the quantity 7L can be determined only when, in addition to inform

conc
know
the w

A.5

hole tempecrature range within which the load cycle takes place according to Figure

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

ation

brning the load Cycle according to Figure 10, the value k for the insulation system is
n. This value K has to be determined by experiments in conformity with IEC 60034-18 for

10.

d by

approximation to assess the real change in the machine thermal life expectancy as compared

to du

ty type S1 with rated output because it may be assumed that in consideration gf the

varyi

LL®) IUGUD CAIDLIIIH VVILIIIII d byblc lIIU Icllldlllllly IIIIIUCIIUCD UVCTI LIIU IIIUlIIIIU UI I.IIU Imra

hine

(e.g. dielectric stress, environmental influences) are approximately the same as in the case of
duty type S1 with rated output.

A.6 The manufacturer of the machine is responsible for the correct compilation of the

vario

us parameters for determining the value of TL.
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Annex B
(informative)

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(uV/m) quasi peak, measured at
10 m distance (Note)
230 MHz to 1 000 MHz 37 dB(nV/m) quasi peak, measured at
10 m distance (Note)
Conducted emission 0,15 MHz to 0,50 MHz 66 dB(unV) to 56 dB(uV)/quasi pedk
oh a.c. or d.c. power supply Limits decrease linearly with 56 dB(nV) to 46 dB(jiV)‘average
terminals logarithm frequency
0,50 MHz to 5 MHz 56 dB(uV).guasi peak

46 dB(uV) average

5 MHz to 30 MHz 60.dB(uV) quasi peak
50 dB(unV) average

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

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

Frequency range Limits
Radiated emission 30 MHz to 230 MHz 30 dB(uV/m) quasi peak,
measured 30 m distance (Note)
230 MHzto 1 000 MHz 37 dB(uV/m) quasi peak,
measured 30 m distance (Note)
Conducted emission 0,45"MHz to 0,50 MHz 79 dB(uV) quasi peak
oh a.c. or d.c. power supply 66 dB(nV) average
terminals
0,50 MHz to 30 MHz 73 dB(unV) quasi peak

60 dB(uV) average

NOTE May be measured ati10'm distance using the limits increased by 10 dB or measured at 3 m disfance
using the limits increased by*20 dB.
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1)

2)

3)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MACHINES ELECTRIQUES TOURNANTES -

Partie 1: Caractéristiques assignées et
caractéristiques de fonctionnement

AVANT-PROPOS

La| Commission Electrotechnique Internationale (IEC) est une organisation mondiale de otmfali
composée de I’ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEG). L’IEC
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les don
de| I'électricité et de [I'électronique. A cet effet, '|EC — entre autres activités — publie des N
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessib
puplic (PAS) et des Guides (ci-aprées dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée
comités d’études, aux travaux desquels tout Comité national intéressé par le sujetitraité peut participe
organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, parti
égplement aux travaux. L'IEC collabore étroitement avec I’'Organisation Internationale de Normalisation
selon des conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de 'l[EC concernant les questions techniques représentent, dans la n
du| possible, un accord international sur les sujets étudiés, étant doni¢ que les Comités nationaux de
interessés sont représentés dans chaque comité d’études.

Lep Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les effofts raisonnables sont entrepris afin que
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I’épentuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

D4ns le but d’encourager I'uniformité internationale, les_€omités nationaux de I'lEC s’engagent, dans td
mgsure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes.Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées.en termes clairs dans ces derniéres.

L’IEC elle-méme ne fournit aucune attestation®de conformité. Des organismes de certification indépef
fodrnissent des services d’évaluation de conformité et, dans certains secteurs, accedent aux marqu
copformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certifi
indépendants.

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

Aycune responsabilité ne doit)étre imputée a I'lEC, a ses administrateurs, employés, auxiliair
mgndataires, y compris ses* experts particuliers et les membres de ses comités d’études et des C
nationaux de I'lEC, pour.tout préjudice causé en cas de dommages corporels et matériels, ou de tout
dojmmage de quelque pature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de] justice) et les dépenses découlant de la publication ou de l'utilisation de cette Publication de I'lEC
todite autre Publication’de I'l|EC, ou au crédit qui lui est accordé.

L’attention estsattirée sur les références normatives citées dans cette publication. L’utilisation de publig
référencées estobligatoire pour une application correcte de la présente publication.

L’'gttention-est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
I'opjet. de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|pfepriété et de ne pas avoir signalé leur existence.
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La Norme internationale IEC 60034-1 a été établie par le comité d’études 2 de I'IEC:
Machines tournantes.

Cette treizieme édition annule et remplace la douziéme édition publiée en 2010. Elle constitue
une révision technique.
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Les principales modifications techniques par rapport a I’édition précédente sont les suivantes:

p'::ta:;:::f:le Modifications

3.25 Durée plus courte pour atteindre I’équilibre thermique

5.5.2 Note sur le diagramme de capacité P-Q des alternateurs synchrones

6.4 Clarification ajoutée indiquant que d’autres conditions peuvent faire I’objet d’'un accord

6.6 Clarification ajoutée indiquant que I'arrét est inclus de fagon explicite; note ajoutée

7.1 Clarification sur le transfert par bus ou le réenclenchement rapide
Capacité de tenue aux tensjons de chocs lorsque les machines sont connectées a un
convertisseur U

7.2.4 Nouveau Tableau 3 pour le code d’identification

7.3 Tableau 4 corrigé pour refléter le domaine d’application courant de I'lEC 600343

7.5 Niveau de tenue en tension pour les machines connectées a un convertisseur

8.3.4 Mesure de la température de I'air ambiant dans le cas des machines ouvertées

8.6.3.4 Notes sur les IIT (indicateurs internes de température) dans les développantes des machjnes
haute tension et sur I'utilisation des IIT pour surveiller le blocage de\bfins dans le cas dep
enroulements a refroidissement direct par un liquide

8.10 Clarification sur la limite de température
Clarification sur la différence de température entre la méthode’R et la méthode IIT
Clarification indiquant que la limite de température selah/la'méthode R doit toujours étre
maintenue
Note sur les limites de température mesurées entre.les méthodes R et IIT
Tableau 8 et Tableau 11 étendus pour incorporenla classe thermique 200 (N)
Ligne 4c) du Tableau 8 restreinte aux enrotlements d’excitation a courant continu des
machines a courant continu (c.c.)
Limites de température dans le Tableau 8 modifiées selon le document 2/1737/DC et les
commentaires regus concernant ce document
Formule physiquement correcte dans le Tableau 10, point 1b

9.1 Clarification sur les machines;soumises aux essais individuels de série

9.2 Essais séparés de tension.de tenue des phases
Clarification sur la frégquence et I'instant pour I'essai de tension de tenue
Note sur le courant'de fuite pendant I’essai de tension de tenue
Note faisant référence a I'lEC 60027

10.2 Informations'relatives a I'lVIC («impulse voltage insulation class» c’est-a-dire «classe
d’isolatien\de la tension impulsionnelle») sur la plaque signalétique ou dans la documentation
Clarification ajoutée au point f)
Lettre“de code IC et de conception pour la puissance apparente a rotor bloqué sur la plaque
sighalétique

1.1 Clarification sur la section du conducteur de mise a la terre pour les générateurs
Note ajoutée sur la mise a la terre pour les petites machines

12.2 Tolérance ajoutée sur le courant de champ des machines synchrones
La tolérance sur le facteur de puissance s’applique aussi pour les machines synchrones &
aimants permanents (PM «permanent magnet») fonctionnant directement aux phases
Contradiction clarifiée entre les tolérances sur le rendement et sur les pertes

13.1 Modifié selon la proposition de ’'ACEC («Advisory Committee on Electromagnetic
Compatibility» (Comité consultatif de la compatibilité électromagnétique))
Note ajoutée pour les gros générateurs

13.3 Modifié selon la proposition de 'ACEC

13.5 Modifié selon la proposition de 'ACEC

Annexe B Alimentation en courant continu ajoutée
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Le te

xte de cette norme est issu des documents suivants:
FDIS Rapport de vote
2/1857/FDIS 2/1863/RVD

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

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.
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Un tableau de références croisées de toutes les publications du CE 2 de I'l[EC est donné’sur le tablg
u CE 2 sur le site web de I'l[EC.
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MACHINES ELECTRIQUES TOURNANTES -

Partie 1: Caractéristiques assignées et
caractéristiques de fonctionnement

1 Domaine d’application

2017

La ¢
tourn
I'lEC

Les
égalg
dans

NOTE
exemy
s’appl

2 F

Les documents suivants cités dans le texte constitdent, pour tout ou partie de leur con

des
s'app
s'ap

IEC 60027-1, Symboles littéraux a utiliseten électrotechnique — Partie 1: Généralités

IEC ¢
élect

IEC ¢
norm
des 1

IEC ¢

alterpateurs synchrones entrainés par turbines a vapeur ou par turbines a gaz a combust

IEC §

résente partie de I'[EC 60034 est applicable a toutes les machines électr
antes, excepté celles qui sont couvertes par d’autres normes I|IEC, parsexe
60349.

ques
mple

machines comprises dans le domaine d’application du présent document pelivent

ment étre soumises a des exigences nouvelles, modifiées ou complémentaires fig
d’autres normes, par exemple, les séries IEC 60079 et IEC 60092.

urant

Si certains articles du présent document sont modifiés afin de permettresdes applications spécialgs, par

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

exigences du présent document. Pour lesi\références datées, seule [I'édition
lique. Pour les références non datées, lalderniére édition du document de réfén
lique (y compris les éventuels amendeménts).

0027-4, Symboles littéraux>-a utiliser en électrotechnique - Partie 4: Mac
riques tournantes

0034-2 (toutes les parties), Machines électriques tournantes — Partie 2: Méth
alisées pour la détermination des pertes et du rendement a partir d’essais (a I'excl
hachines pour véhicules de traction)

0034-3, Machines électriques tournantes — Partie 3: Régles spécifiques pou

0034-<5, Machines électriques tournantes — Partie 5: Degrés de protection procuré

rticles

fenu,

citée
ence

hines

odes
sion

r les
jon

5 par

la co

hception intégrale des machines électriques tournantes (code IP) — Classification

IEC 60034-6, Machines électriques tournantes — Partie 6: Modes de refroidissement (code IC)

IEC 60034-8, Machines électriques tournantes — Partie 8: Marques d’extrémité et sens de
rotation

IEC 60034-12:2016, Machines électriques tournantes — Partie 12: Caractéristiques de
démarrage des moteurs triphasés a induction a cage a une seule vitesse

IEC 60034-15, Machines électriques tournantes — Partie 15: Niveaux de tenue au choc
électrique des bobines de stator préformées des machines tournantes a courant alternatif
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IEC 60034-18 (toutes les parties), Machines électriques tournantes — Partie 18: Evaluation
fonctionnelle des systémes d’isolation

IEC 60034-18-41, Machines électriques tournantes — Partie 18-41: Systémes 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 TS 60034-25, Machines électriques tournantes — Partie 25: Machines électriques a
courant alternatif utilisées dans les entrainements électriques de puissance - Guide
d’application

IEC §0034-29, Machines électriques tournantes — Partie 29: Techniques par-charge
équivalente et par superposition — Essais indirects pour déterminer I'échauffement

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

IEC 60038, Tensions normales de la CEl

IEC 60050-411:1996, Vocabulaire Electrotechnique International” (VEI) — Chapitre|411:
Machines tournantes

IEC 60060-1, Technique des essais a haute tension ,—(Partie 1: Définitions et exiggdnces
générales

IEC 60072 (toutes les parties), Dimensions et séries de puissances des machines électrlques
tournantes

IEC 0085, Isolation électrique — Evaluation“et désignation thermiques

IEC §0204-1, Sécurité des machines' — Equipement électrique des machines — Partie 1:
Régles générales

IEC §0204-11, Sécurité des machines — Equipement électrique des machines — Partie 11:
Presgriptions pour les équipements HT fonctionnant a des tensions supérieures a 1 000 Y c.a.
ou 1500 V c.c. et ne dépassant pas 36 kV

IEC 60335-1:2010;, .Appareils électrodomestiques et analogues — Sécurité — Partie 1:
Exigeénces générales

IEC §0445 < Principes fondamentaux et de sécurité pour les interfaces homme-machings, le
marqluage-et l'identification — Identification des bornes de matériels, des extrémitéls de
conducteurs et des conducteurs

IEC 60664-1, Coordination de I'isolement des matériels dans les systemes (réseaux) a basse
tension — Partie 1: Principes, exigences et essais

IEC 61148, Marquage des bornes de blocs et d'ensembles d'éléments de valve et
d'équipement de conversion de puissance

IEC 61293, Marquage des matériels électriques avec des caractéristiques assignées relatives
a l'alimentation électrique — Prescriptions de sécurité

CISPR 11, Appareils industriels, scientifiques et médicaux — Caractéristiques de perturbations
radioélectriques — Limites et méthodes de mesure
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CISPR 14 (toutes les parties), Compatibilité électromagnétique — Exigences pour les
appareils électrodomestiques, outillages électriques et appareils analogues

CISPR 16 (toutes les parties), Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 60050-411, dont
quelques-uns sont répétés ici pour des raisons de commodité, s’appliquent ainsi que les

suivad

NOTE|
refroid

NOTE
I'ache

L'1Sd
en ng

B

[«

(v

3.1

nts.

1 Pour des définitions autres que celles en 3.17 a 3.22 concernant les modes et les fluid
issement, voir 'lEC 60034-6.

2 Pour les besoins du présent document, le terme «accord» signifie «accord entfe“le construct
eur».

et I'lEC tiennent a jour des bases de données terminologiques déstinées a étre util
rmalisation, consultables aux adresses suivantes:

EC Electropedia: disponible a I'adresse http://www.electropedia.org/

5O Online browsing platform: disponible a I'adresse http:#Www.iso.org/obp

valelir assignée

Ps de

pur et

sées

ment

ge de

valeyr d’une grandeur fixée, généralement par.lé constructeur, pour un fonctionne|
spécifié d’'une machine

Note 1 a l'article: La tension assignée ou plage de.tensions assignées est la tension assignée ou pla
tensiops assignées entre phases aux bornes.

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

3.2

caragtéristiques assignées

ensemble des valeurs assignées et des conditions de fonctionnement

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

3.3

puissance (utile) assignée

valeyr de la-puissance (utile) incluse dans les caractéristiques assignées

3.4

charge

ensemble des valeurs des grandeurs électriques,

dans le cas d’un générateur, et

mécaniques, dans le cas d’un moteur, qui caractérisent les exigences imposées a une
machine tournante 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 nulle (mais les autres conditions
étant les conditions normales de fonctionnement)

[SOURCE: IEC 60050-411:1996, 411-51-02, modifié: modification indiquée en italique]
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3.6

pleine charge
charge amenant une machine a fonctionner a ses caractéristiques assignées

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

3.7

valeur de pleine charge
valeur d’'une grandeur pour une machine fonctionnant a pleine charge

Note 1.a l'arficle: Cette notion est applicable a |a puissance, au couple, au courant, g 1a vitesse, etc

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

3.8

repop

absepce compléte de tout mouvement et de toute alimentation électrique ou de| tout
entraginement mécanique

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

3.9

service

stipulation de la charge (des charges) a laquelle (auxquelles) la machine est soummise,
y compris, le cas échéant, les périodes de démarrage, de freinage électrique, de
fonctjonnement a vide et de repos, ainsi que leurs durées et leur ordre de succession dans le
tempp

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

3.10

service type

servite continu, temporaire ou périodique comprenant une ou plusieurs charges qui restent

cons
géné

[soy

3.11
facte

Falement la charge et la-vitesse varient dans la plage de fonctionnement admissible

RCE: IEC 60050-4141-1996, 411-51-13]

ur de marche

rapport de |a période de fonctionnement en charge, y compris le démarrage et le frei

élect

rique,<a-la durée du cycle de service, exprimé en pourcentage

[SO

antes pendant la durée\spécifiece ou service non périodiqgue pendant lgequel

nage

REE: 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 d’arbre d’entrainement,
quand son rotor est maintenu bloqué, quelle que soit sa position angulaire, et qu’il est
alimenté a tension et fréquence assignées

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

3.13

courant a rotor bloqué
valeur efficace la plus élevée du courant en régime établi, absorbé par le moteur lorsqu’il est
alimenté aux tension et fréquence assignées et que son rotor est maintenu bloqué quelle que
soit sa position angulaire
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3.14

couple minimal pendant le démarrage <d’un moteur a courant alternatif>

valeur la plus faible du couple asynchrone en régime établi, que le moteur développe entre la
vitesse 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
continuellement lorsque la vitesse augmente.

Note 2-al'article—En—plus—des—couples—asynchrones—en—régime—otabli—il-existe—a—des—vitesses—spécifioues, des
T 1 13 12 g g P T Py

J
couplgs harmoniques synchrones qui sont fonction de 'angle de charge du rotor.

A de tplles vitesses, le couple d’accélération peut &tre négatif pour certains angles de charge du rotor

L’expgrience et le calcul montrent que c’est une condition de fonctionnement instable et qu’en"‘cohséquenge les
couplgs harmoniques synchrones n’empéchent pas I'accélération du moteur et sont exclus descette définition

3.15
cougle maximal <d’un moteur a courant alternatif>
cougle de décrochage

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

Note 1 a l'article: Cette définition ne s’applique pas aux moteurs donivle couple diminue de maniére coptinue
quand|la vitesse augmente.

3.16
couple de fonctionnement <d’un moteur synchrone>
couple maximum que peut développer un moteut'synchrone a la vitesse synchrone et tension,
fréqguence et courant d’excitation assignés

3.17
refr<1idissement
opération par laquelle de la chalelr provenant des pertes produites dans une maching est
cédée a un fluide de refroidissement primaire qui peut étre continlment remplacé ou| étre
lui-mgme refroidi dans un échangeur de chaleur par un fluide de refroidissement seconddire

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

3.18
fluide de refroidissement
fluidg, liquide-Ql gaz, par I'intermédiaire duquel la chaleur est transférée

[SOYRCEJIEC 60050-411:1996, 411-44-02]

3.19

fluide de refroidissement primaire

fluide, liquide ou gaz, qui, se trouvant a une température inférieure a celle des piéces de la
machine et en contact avec celles-ci, transporte la chaleur cédée par ces piéces

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

3.20

fluide de refroidissement secondaire

fluide, liquide ou gaz, qui, se trouvant a une température inférieure a celle du fluide de
refroidissement primaire, transporte la chaleur cédée par ce fluide primaire au moyen d’un
échangeur de chaleur ou a travers la surface extérieure de la machine

[SOURCE: IEC 60050-411:1996, 411-44-04]
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3.21

enroulement a refroidissement direct

enroulement a refroidissement interne

enroulement refroidi principalement par un fluide de refroidissement s’écoulant en contact
direct avec la partie refroidie a travers des passages creux, tubes, conduits ou canaux qui,
quelle que soit leur orientation, forment partie intégrante de I'’enroulement a l'intérieur de
I'isolation principale

Note 1 a l'article: Dans tous les cas ou «indirect» ou «direct» n’est pas énoncé, il s’agit d'un enroulement a
refroidissement indirect.

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

3.22
enroplement a refroidissement indirect
tout ¢nroulement autre qu’un enroulement a refroidissement direct

Note 1 a l'article: Dans tous les cas ou «indirect» ou «direct» n’est pas énoncé, il s’agit'd’un enroulenment a
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
contre les chocs électriques en cas de défaut survenantdans I'isolation principale

3.24
momlent d’inertie
somme (intégrale) des produits des masses@lémentaires d’'un corps par le carré de |eurs
distapces (radiales) par rapport a un axe donné

3.25
équilibre thermique
état atteint lorsque les échaufferhents des diverses parties de la machine ne varient pas de
plus f’un gradient de 1 K par.demi-heure

Note 1 a l'article: L’équilibre‘thermique peut étre déterminé a partir d’'un tracé de I'échauffement en fonctlon du
temps), lorsque les droites entre points pris en début et fin de chacun de deux intervalles de temps successifls 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 italique]

3.26
constante de temps thermique équivalente
consjante de temps qui, en remplagant plusieurs constantes de temps individuglles,
détermine approximativement I'évolufion de Ta tempérafure dans un enroulement aprés une
variation de courant en échelon

3.27
enroulement enrobé
enroulement complétement enfermé ou noyé dans un isolant moulé

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

3.28

valeur assignée du facteur de forme du courant continu fourni a I’'induit d’un moteur a
courant continu par un convertisseur statique de puissance

rapport de la valeur efficace maximale admissible du courant /,,¢ maxn @ S@ valeur moyenne

I,yN (valeur moyenne intégrée sur une période) dans les conditions assignées:
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Feen = ]rms, maxN
N =
IavN

3.29

facteur d’ondulation du courant

rapport de la différence entre la valeur maximale 7, ,, et la valeur minimale /,;, d’'un courant
ondulé au double de sa valeur moyenne I, (valeur moyenne intégrée sur une période):

Imax - Imin

= 2x1y,

Note 1 a I'article: Pour de faibles valeurs d’ondulation du courant, le facteur d’ondulation peut étre approché par
la formule suivante:

o Imax _Imin
,=—max__min
Imax + Imin

Note 4 a l'article: La formule ci-dessus peut étre utilisée en tant qu’approximation si la\valeur calculée résyltante
de gi gst inférieure ou égale a 0,4.

3.30
tolérpnce
écartl permis entre la valeur déclarée et la valeur mesurée

3.31
essaj de type
essa| effectué sur une ou plusieurs machines réaliSées selon une conception donnée|pour
veérifier que cette conception répond a certaines, specifications

Note 1 a l'article: L’essai de type peut étre aussi consideré comme valide s’il a été réalisé sur une machine|ayant
des dgviations mineures en caractéristiques assignées ou autres. Il convient que ces déviations fassent I'objgt d’'un
accord.

[SOURCE: IEC 60050-411:1996, 414-53-01]

3.32
essaj individuel de série
essal| auquel est soumise chaque machine en cours ou en fin de fabrication pour vérifier
gu’elle satisfait a des eriteres définis

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

3.33
vitesse d’emballement <d’un groupe électrogéne>

vitesse'dmaximale atteinte par le groupe, en cas de disparition de la pleine charge
génétatrice—etdenon-fonctonnemen da—régutatetrde—vitesse

de la

Note 1 a l'article: Pour les moteurs, la survitesse maximale a la perte de I'alimentation est celle qu'un moteur
pourrait atteindre lorsqu’il est entrainé par I'’équipement couplé.

[SOURCE: IEC 60050-411:1996, 811-17-23]

4 Services

4.1 Spécification du service

C’est a I'acheteur qu’incombe la responsabilité de spécifier le service. L’acheteur peut décrire
le service par 'une des méthodes suivantes:

a) numériquement, si la charge ne varie pas ou varie de fagon connue;
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b) graphiquement, par une représentation des grandeurs variables en fonction du temps;

c) en choisissant I'un des services types S1 a S10 a condition que ce service soit au moins
aussi séveére que le service prévu.

Le service type doit étre désigné par I'abréviation appropriée, spécifiée en 4.2, a la suite de la
valeur de la charge.

Une formulation du facteur de marche est indiquée sous chaque figure appropriée de service
type.

Normalement, l'acheteur ne peut pas fournir une valeur pour le moment d’inertie de la
maclyime—{7 ;)T pour tesperance devie thermique e vateur tetative (FL){voirAmnmexe A).

Ces valeurs sont fournies par le constructeur.

Lorsque I'acheteur ne stipule pas de service, le constructeur doit considérer que e service
type [B1 (service continu) s’applique.

4.2 | Services types
421 Service type S1 — Service continu

Fonctionnement a charge constante maintenue pendant une durée suffisante pour qlie la
maclhine atteigne I’équilibre thermique (voir Figure 1).

L’abréviation appropriée est S1.
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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 au repos d’'une durée suffisante pour rétablir

a 2 K prés I’égalité de température entre la machine et le fluide de refroidissement, voir
Figure 2.

L’abréviation appropriée est S2, suivie de la valeur de la durée du service.

Exemple: S2 60 min.
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")

>

Légende

R charge

P, pertes électriques

® température

O hax température maximale atteinte

~

temps

At durée de fonctionnement a charge constante

P

Figure 2 — Service temporaire — Service type S2

4.2.3 Service type S3 - Service intermittent périodique

NOTE Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.

Suite de cycles de service identiques comprenant chacun un temps de fonctionnement a
charge constante et un temps au repos (voir 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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Atg durée au repos
Facteur de marche = A, /T,

Figure 3 — Service intermittent périodique — Service type S3

4.2.4 Service type S4 — Service intermittent périodique a démarrage

NOTE Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.

Suite de cycles de service identiques comprenant chacun un temps non négligeable de
démarrage, un temps de fonctionnement a charge constante et un temps au repos (voir
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 m2 Joxt = 0,7 kg x m?:
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P charge t temps
Py pertes électriques Te durée d’un cycle
o température Aty durée de démarrage/accélération
7, o température maximale atteinte Atp durée de fonctionnement a charge
notant
Atg durée au repos

Facteur de marche = (At + A1)/ T

Figure 4 — Service intermittent périodique a démarrage — Service type S4

4.2.5 Service type S5 — Service intermittent périodique a freinage électrique

NOTE Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.

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 au repos,
voir Figure 5.
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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?2 Joyi = 0,7 kg x m?

P‘ T,

L
o
t
o
®max
[ §
1 »
IEC
Légende
P charge T durée d’un cycle
P, pertes électriques Atp durée de démarrage/accélération
® température Aty durée de fonctionnement a charge
constante
O nax température maximale atteinte Ate durée de freinage électrique
t temps At durée au repos

Facteur de marche = (Aty + Atp + A1)/ T,

Figure 5 — Service intermittent périodique a freinage électrique — Service type S5

4.2.6 Service type S6 — Service ininterrompu périodique

NOTE Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.
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Suite de cycles de service identiques comprenant chacun un temps de fonctionnement a
charge constante et un temps de fonctionnement a vide. Il n’y a pas de temps au repos, voir
Figure 6.

L’abréviation appropriée est S6, suivie de la valeur du facteur de marche.

Exemple: S6 40 %

“A
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Légende

P charge t temps

P, pertes électriques T durée d’un cycle

® température Atp durée de fonctionnement a charge constante
® température maximale atteinte At durée de fonctionnement a vide

max \

Facteur de marche = A, /T,

Figure 6 — Service ininterrompu périodique — Service type S6

4.2.7 Service type S7 — Service ininterrompu périodique a freinage électrique

NOTE Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.
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Suite de cycles de service identiques comprenant chacun un temps de démarrage, un temps
de fonctionnement & charge constante et un temps de freinage électrique. Il n’y a pas de
temps au repos (voir Figure 7).

L’abréviation appropriée est S7, suivie des valeurs du moment d’inertie du moteur (J);) 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

<]

Aty 1

&
o

° |

®max

Légende

P charge t temps

PV pertes électriques T\, durée d’un cvcle

® température Atp durée de démarrage/accélération

O nax température maximale atteinte Atp durée de fonctionnement a charge constante
Facteur de marche = 1 At durée de freinage électrique

F

Figure 7 — Service ininterrompu périodique a freinage électrique — Service type S7

4.2.8 Service type S8 — Service ininterrompu périodique a changements liés de
charge et de vitesse

NOTE Un service type périodique implique que I'équilibre thermique n’est pas atteint pendant la période de
charge.

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
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vitesses de rotation (réalisées par exemple par changement du nombre de pbles dans le cas
des moteurs a induction). Il n’y a pas de temps au repos (voir Figure 8).

L’abréviation appropriée est S8 suivie des valeurs du moment d’inertie du moteur (Jy,;) et du
moment d’inertie de la charge (Jg,), tous deux rapportés a I'arbre du moteur, de méme que
de la charge, de la vitesse et du facteur de marche pour chacun des régimes caractérisés par

une vitesse.

Exemple: S8 J,, = 0,5 kg x m? Joyt = 6 kg x m? 16 kW 740 min~" 30 %
40 kW 1 460 min™" 30 %
25 kW 980 min~" 40 %
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Cégende

P charge t temps

Py pertes électriques T durée d’un cycle

® température Aty durée de
démarrage/accélération

O,ax température maximale atteinte Aty durée de fonctionnement a
charge constante (P1, P2, P3)

n vitesse Ate durée de freinage électrique
(F1, F2)

Facteur de marche = (Atp +Atp )/ To; (Atpy +AlR,) Te; (Atp, +ALRg) T

Figure 8 — Service ininterrompu périodique a changements
liés de charge et de vitesse — Service type S8
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4.2.9

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 Figure 9).

— 96 —

L’abréviation appropriée est S9.

Pour ce service type, une charge constante, judicieusement choisie et basée sur le service
type S1, est prise comme valeur de référence («Prgf» a la Figure 9) pour la notion de

surcharge.

IEC 60034-1:2017 © IEC 2017

Service type S9 — Service a variations non périodiques de charge et de vitesse

"A

P ref

Légende

P charge t temps

P ot charge de référence Aty durée de
démarrage/accélération

Py pertes électriques Aty durée de fonctionnement a
charge constante

® température Atp durée de freinage électrique

O nax température maximale atteinte Atg durée au repos

n vitesse Atg durée de fonctionnement en

surcharge

Figure 9 — Service a variations non périodiques

de charge et de vitesse — Service type S9
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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 applicable, chaque combinaison charge/vitesse étant
maintenue pendant une durée suffisante pour permettre a la machine d’atteindre I'équilibre
thermique (voir 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
thernm i i st ' i
contihu et aux limites admissibles d’échauffement basées sur le service type S1. Po
tempp au 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 = 0,6

Il convient d’arrondir la valeur de TL au plus proche multiple de 0,05. L’Ahnexe A donng des
indic@tions sur la signification de ce paramétre et la détermination de sa\valeur.

Pour|ce service type, une charge constante, judicieusement choisie et basée sur le sdrvice
type [S1, doit étre prise comme valeur de référence (‘P.o; a,la Figure 10) pour les charges
discrgtes.

Les Yaleurs discrétes de charges seront habituellement des charges équivalentes obtgnues
par intégration en fonction du temps. Il n’est pas nécessaire que chaque cycle de charge soit
exaciement le méme, a condition que chaque charge a l'intérieur d’'un cycle soit appliquée
pendant une durée suffisante pour que I’équilibre,thermique soit atteint et que chaque fycle
de chlarge puisse étre intégré pour donner la méme espérance de vie thermique relative.
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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 en 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 énoncée, les caractéristiques assignées pour service continu s’appliquent.

Quand des composants auxiliaires (tels que des bobines d’inductance, des condensateurs,

etc.)
assig

NOTE
Une

machH
fourn

5.2
5.2.1

Cara

illimifée et conformément aux exigences du présent document.

Cette
comr

5.2.2
Cara
limité
docu

Cette
comr

5.2.3

Cara
servi

sont 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 lfalimentatio

bttention spéciale est demandée lors de I'attribution de caractéristiques lassignées 3
ines alimentées par, ou alimentant, des convertisseurs statiques., ’IEC TS 6003
it des préconisations sur ce sujet.

Classes de caractéristiques assignées
Caractéristiques assignées pour service continu

Ctéristiques assignées auxquelles la machine peut’ fonctionner pendant une d

classe de caractéristiques assignées correspond au service type S1 et est dési
e le service type S1.

Caractéristiques assignées pour service temporaire
Ctéristiques assignées auxquelles la machine peut fonctionner pendant une d

ment.

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 cycle
Ce, copformément aux exigences du présent document.

Cette

leurs

n.

des
4-25

urée

gnée

urée

e, en démarrant a la température ambiante et conformément aux exigences du prg¢sent

gnée

s de

classe de caractéristiques assignées correspond a I'un des services types périod

ques

S3a

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

dem

5.2.4

arche doit avoir I'une des valeurs suivantes:
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 paliers en ce qui concerne la température, d’autres éléments en ce qui concerne
la dilatation thermique. Sauf spécifications dans d’autres normes de I'l[EC, la charge maximale
ne doit pas dépasser 1,15 fois la valeur de la charge basée sur le service type S1. La charge
mini i > i i =WVl Des
informations concernant I'application de cette classe de caractéristiques assignées [sont
donnges en Annexe A.

Cettg classe de caractéristiques assignées correspond au service type S10 et est désignée
comme le service type S10.

NOTE| D’autres normes appropriées de I'lEC peuvent spécifier la charge maximale gn\termes de limitation| de la
température (ou d’échauffement) d’enroulement au lieu d’'une valeur relative de la~charge basée 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 fonctionrrfer a

Pour|déterminer des caractéristiques assignées du type équivalent, il convient de prendfe en
compte les charge, vitesse et refroidissemenivariables du cycle de service.

Le c3s échéant, cette classe de caractéristiques assignées est désignée par «équy.

5.3 | Choix d’une classe de caractéristiques assignées

Une machine construite en yued’'un usage général doit avoir des caractéristiques assighnées
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 eft les
caragtéristiques assighées 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 basées sur le service type S2 (voir 4.2.2).

Lorsquiuhe machine est prévue pour fonctionner a des charges variables ou des charges
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 basées sur un service type choisi parmi les services types
S3 a S8 (voir 4.2.3 a2 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 basées 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 basées 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 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 basée sur le service
type S1 doit étre prise comme puissance (utile) assignée, (voir 4.2.9 et 4.2.10).

55 _Pui (utile) -

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 ptliissance (utile) assignée est la puissance électrique apparente_aux bornes et elld doit
étre ¢xprimée en voltampéres (VA), complétée par I'indication du facteur de puissance.

Le facteur de puissance assigné des alternateurs synchronés doit étre de 0,8 surgxcité
(induftif), sauf spécification contraire de I'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 ptiissance (utile) assignée est la puissance mécanique disponible sur I'arbre et ellg doit
étre ¢xprimée en watts (W).

NOTE| Il est d'usage dans un certain nombre de pays d’exprimer aussi la puissance mécanique disponifjle sur
I’arbrg en chevaux-vapeur (horsepowenr«h.p.» en anglais) (1 h.p. équivaut a 745,7 W; 1 ch (cheval ou horsepower
métrique) équivaut a 736 W).

5.5.41 Compensateurs synchrones
La ptliissance (utile) gssignée est la puissance réactive aux bornes et elle doit étre expnimée

en Joltampeéres réactifs (var) en régime sous-excité (capacitif) et en régime surgxcité
(inductif).

5.6 | Tension assignée

5.6.1 Génératrices de courant continu

Pour les 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).
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Coordination des tensions et des puissances (utiles)

2017

En pratique, on ne construit pas des machines de toutes caractéristiques assignées pour
toutes les tensions assignées. En général, pour les machines a courant alternatif, en se
basant 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

5.8

Pour
mach
ense

Pour
attrib

Quar
valey
énon
et de
déma

6 (

6.1

Sauf
apres
trans
types
fonct

TensionI ?lssignée Puissance (lljt\ille/) asls‘igr\iée minimale
JA—{erteA
1,0<Uy<3,0 100
3,0<Uy<6,0 150
6,0 < U <110 800
11,0 < Uy < 15,0 2 500

Machines ayant plus d’un ensemble de caractéristiques assignées

les machines prévues pour plus d’'un ensemble de/caractéristiques assignée
ine doit étre conforme, a tous points de vue, au présent document pour ch
mble de caractéristiques assignées.

les machines a plusieurs vitesses, des <€aractéristiques assignées doivent
uées pour chaque vitesse.

d une grandeur assignée (puissance.utile, tension, vitesse, etc.) peut avoir plus
rs ou varier constamment entre deux limites, les caractéristiques assignées doiven
cées a ces valeurs ou limites. Cettesdisposition ne s’applique ni aux variations de te

fréquence en fonctionnement .définies en 7.3, ni au montage étoile-triangle po
rrage.

Conditions de fonctionnement sur site
Généralités

spécificationwcontraire, les machines doivent étre appropriées aux conditions sur si
a l'extérieur du carter pendant le fonctionnement, pour l'arrét, le stockage
port. LeS\températures froides a I'entrée du fluide de refroidissement pour diffé
de_<«efroidissements sont spécifiées dans le Tableau 5. Pour des condition
onnement sur site différentes de ces valeurs, des corrections sont données

s, la
aque

étre

ieurs
étre
nsion
ur le

le ci-
et le
rents
5 de
dans

I’Arti

ble 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.

6.3

La te

Température maximale de I’air ambiant

mpérature de I'air ambiant ne doit pas dépasser 40 °C.
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6.4

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 dotées
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) uppater-acotussinet:

e)

6.5

Pour
autre

de reffroidissement ne doit pas étre inférieure a + 5 °C.

6.6
Quar

le co

NOTE
longug
égaler

6.7

Les machines refroidies a I’hydrogéne-doivent étre capables de fonctionner a la puiss

(utile
moin

NOTE|
davan

Pour

‘eau comme fluide de refroidissement primaire ou secondaire.

ne puissance (utile) assignée supérieure a 3 300 kW (ou kVA) par 1 000 min~1;
ne puissance (utile) assignée inférieure a 600 W (ou VA);
n collecteur;

Température de I'eau de refroidissement

la température de référence de I'eau de refroidissement, voir le T)ableéau 5. Poy
s températures de I'’eau de refroidissement, voir le Tableau 10. Lastempérature de

Arrét, stockage et transport

hstructeur et spécifier la température minimale préwie.

Il est possible que des mesures particulieres soien{\nécessaires avant d’alimenter la machine ap
s périodes d’arrét, de stockage et de transport.cll)est possible que des mesures particuliéres
hent nécessaires durant les périodes de non-fonctionnement. Se reporter aux instructions du constructg

Pureté de I’hydrogéne de refroidissement

assignée dans les conditionscassignées avec un fluide de refroidissement contena
5 95 % d’hydrogéne en volume:

Pour des raisons de sécurité, il convient de toujours maintenir la teneur en hydrogéne a 90
age, en admettant que Lautre gaz entrant dans le mélange est de I'air.

norm

valeyrs spécifiées\de pression et de température du gaz refroidi, sauf accord contraire
pertgs par ventilation doivent étre calculées a la densité correspondante.

7

calculer le rendement conformément a I'lEC 60034-2 (toutes les parties), la compo
lisée du mélange gazeux doit étre de 98 % d’hydrogéne et 2 % d’air en volume, &

onditions de fonctionnement électriques

r les
'eau

d des températures inférieures a celles spécifiées. en”6.4 sont susceptibles de se
proddiire durant le transport, le stockage ou aprés installation a I'arrét, I'acheteur doit infqg

rmer

es de
soient
ur.

ance
nt au

% ou

sition
des
. Les

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.

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.
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Pour les machines électriques munies de systémes d’isolation électrique (Type l) selon
I'IEC 60034-18-41, qui sont spécialement congues pour l'alimentation par des convertisseurs
a source de tension, le constructeur peut assigner une classe d’isolation de la tension
impulsionnelle (IVIC) selon I'IEC 60034-18-41 pour le systéme d’isolation. Dans ce cas, il
convient que le systeme d’isolation soit approprié pour le niveau IVIC C entre phases et pour
le niveau IVIC B entre phases et terre, sauf accord contraire conclu entre le constructeur et le
client. Le niveau IVIC doit étre indiqué dans la documentation et de préférence sur la plaque
signalétique (voir 10.2).

NOTE Pour plus d’informations sur les considérations particulieres pour les machines alimentées par
convertisseur, voir 'l|EC TS 60034-25.

Tout |transfert par bus ou rapide réenclenchement d’'une machine a courant alternatif, _tel qu’il
peut|s’en produire, par exemple, en raison des exigences d’alimentation continue [sous
tensipn des codes de réseau, peut conduire a des courants créte trés élevés méttant en
danggr la téte de I'enroulement statorique et a un couple créte trés élevé pouvant atteTndre
20 folis le couple assigné mettant en danger la structure mécanique comportant)le couplage et
le matériel moteur ou entrainé. Un transfert par bus ou un rapide réenclenchement n’est|donc
autollisé que s’il est spécifié et accepté par le constructeur de la machine électrique ¢t du
matéfiel entrainé. Pour les caractéristiques assignées <10 MW+'ou MVA, un | lent
réeng¢lenchement dépassant 1,5 fois la constante de temps en circuit’ ouvert est autorisé s'il
est spécifié et accepté par le constructeur de la machine électrique et du matériel entrpiné.
Pour| les caractéristiques assignées > 10 MW ou MVA, il convient que le temps mipimal
autotfisé pour le lent réenclenchement soit déterminé par analyse transitoire du systéme au
complet par I'intégrateur de systéme et il est autorisé s’il est.accepté par le constructeur de la
machine électrique et du matériel entrainé.

7.2 | Forme et symétrie des tensions et des courants
7.21 Moteurs a courant alternatif

7.2.11 Les moteurs a courant alternatif’ayant parmi leurs caractéristiques assignéps le
fonctjonnement sur une alimentationz,;a fréquence fixe, alimentée par un alternpteur
(localement ou a travers un réseau~de distribution) doivent pouvoir fonctionner sous| une
tensipn d’alimentation dont le facteur harmonique de tension (HVF («harmonic voltage
factor»)) est inférieur ou égal a:

— 0]02 pour les moteurs ‘monophasés et les moteurs triphasés, y compris les mofeurs
synchrones, mais enyexcluant les moteurs de conception N (voir I'lEC 60034-12),|sauf
dgclaration contrajre~du constructeur.

— 0]03 pour les moteurs de conception N.

Le HYF doit étre~calculé a partir de la formule suivante:

k.2
- n
HF= 1D~
\n=2 "
ou
u, est le rapport de I'harmonique de tension U, sur la tension assignée Uy;
n est le rang de I’harmonique (non divisible par trois dans le cas d’un moteur a courant
alternatif triphasé);
k=13.

Les moteurs triphasés doivent étre appropriés au fonctionnement sur un systéme de tensions
dont la composante inverse ne dépasse pas 1 % de la composante directe pendant une
longue période, ou 1,5 % pendant une courte période n'’excédant pas quelques minutes, et
dont la composante homopolaire n'excéde pas 1 % de la composante directe.
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