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Rotating Machinery Sectional Committee, ET 15

NATIONAL FOREWORD

This Indian Standard (Part 1) which is identical with IEC 60034-1:2004 ‘Rotating electrical machines
— Part 1: Rating and performance’ issued by the International Electrotechnical Commission (lEC)
was adopted by the Bureau of Indian Standards on the recommendation of the Rotating Machinery
Sectional Committee and approval of the Electrotechnical Division Council.

The text of IEC Standard has been approved as suitable for publication as an Indian Standard without
deviations. Certain conventions are, however, not identical to those used in Indian Standards.
Attention is particularly drawn to the following:

a) Wherever the words ‘International Standard’ appear referring to this standard, they should
be read as ‘Indian Standard’.

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current
practiGe is to use a point (,) as the decimal marker.

In this adopted standard, reference appears to certain International Standards for which Indian
Standards also exist. The corresponding Indian Standards, which are to be substituted in their
respective places, are listed below along with their degree of equivalence for the editions indicated:

International Standard Corresponding Indian Standard

IEC 60034-5 : 2001 Rotating electrical
machines —Part 5: Degrees of protection
provided by the integral design of rotating
electrical machines (IP code) –
Classification

IEC 60034-8 : 2002 Rotating electrical
machines — Part 8: Terminal markings
and direction of rotation

IEC 60034-15 : 1995 Rotating electrical
machines — Part 15: Impulse voltage
withstand levels of rotating a.c. machines
with form-wound stator coils

IEC 60038:2002 IEC Standard voltages

IEC 60060-1 : 1989 High-voltage test
techniques — Part 1: General definitions
and test requirements

IEC 60072 (all parts) Dimensions and
output series for rotating electrical
machines

IEC 60279 : 1969 Measurement of the
winding resistance of an a.c. machine
during operation at alternating voltage

IEC 60335-1 : 2001 Household and
similar electrical appliances — Safety —
Part 1: General requirements

IS 4691 : 1985 Degrees of protection
provided by enclosure for rotating
electrical machinery (first revision)

IS 4728 : 1975 Terminal markings and
direction of rotation for rotating electrical
machinery (first revkjon,)

IS 14222 : 1995 Impulse voltage
withstand levels of rotating a.c. machines
with form-wound stator coils

IS 12360 : 1988 Voltage bands for
electrical installations including preferred
voltages and frequency

IS 2071 (Part 1) :1993 High-voltage test
techniques: Part 1 General definitions
and test requirements (second revision)

IS 8223 : 1999 Dimensions and output
series for rotating electrical machines
(first revision)

IS 13107:1991 Guide for measurement
of winding resistance of an ac machine
during operation at alternating voltage

IS 302-1 (1979) Safety of household and
similar electrical appliances: Part 1
General requirements (fifth revision)

Degree of
Equivalence

Technically
Equivalent

do

Identical

Technically
Equivalent

Identical

Technically
Equivalent

do

do

(Continued on third cover)

  
  

 



— IWIEC60034-I :2004

Indian Standard

ROTATING ELECTRICAL MACHINES
PART 1 RATING AND PERFORMANCE

1 Scope

This part of IEC 60034 is applicable to all rotating electrical machines except those covered
by other IEC standards, for example, IEC 60349.

Machines within the scope of this standard may also be subject to superseding, modifying or
additional requirements in other publications, for example, IEC 60079, and IEC 60092.

NOTE If particular clauses of this standard are modified to meet special applications, for example machines
subject to radioactivity or machines for aerospace, all other clauses apply insofar as they are compatible.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) aP@ieS.

IEC 60027-1, Letter symbols to be used in e/ectrica/ technology – Parf f: Genera/

IEC 60027-4, Letter symbols to be used in electrical technology – Part 4: Symbols for
quantities to be used for rotating electrical machines

IEC 60034-2, Rotating electrical machines - Part 2: Methods for determining losses and
efficiency of rotating electrical machinery from tests (excluding machines for traction vehicles)

IEC 60034-3, Rotating electrical machines – Part 3: Specific requirements for turbine-type
synchronous machines

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

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

IEC 60034-8, Rotating electrical machines - Part 8:
rotation

IEC 60034-12, Rotating electrical machines - Part 12:
three-phase cage induction motors

Terminal markings and direction of

Starting performance of singie-speed

IEC 60034-15, Rotating electrical machines – Part 15: Impulse voltage withstand levels of
rotating a. c. machines with form-wound stator coils

IEC 60034-17, Rotating electrical machines – Part 1,7: Cage induction motors when fed from
converters – Application guide
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lS/lEC 60034-1 :2004

IEC 60034-18 (all parts), Rotating electrical machines.- Functional evaluation of insulating
systems

IEC 60038, IEC standard voltages

IEC 60050(411):1996, International Electrotechnical Vocabulary (IEV) - Chapter 411:
Rotating machinas

IEC 60060-1, High-voltage test techniques - Part 1: General definitions and test requirements

IEC 60072 (all parts), Dimensions and output serias for rotating e/ecfrica/ machinas

IEC 60204-1, Safety of machinery - Electrical equipment of machines -‘ Part 1: General
requirements

IEC 60204-11, Safety of machinery - Electrical aquipment of machinas – Part 11:
R6@.Jir9RWW3 for HV equipment for voltages above 7000 V a.c. or 1500 V d.c. and not
exceeding 36 kV

IEC 60279, Measurement of the winding resistance of an a. c. machine during operation at
alternating voltage

IEC 60335-1, Household and similar electrical appliances – Safety – Part 1: General
requirements

IEC 60445, Basic and safety principles for man-machine inter faca, marking and identification
- Identification of equipment terminals and of terminations of certain designated conductors,
including general rules for an alphanumeric system

IEC 60971, Semiconductor convertors. Identification code for convertor connections

IEC 61293, Marking of electrical equipment with ratings related to electrical supply – Safety
requirements

IEC 61986, Rotating electrical machines – Equivalent loading and super-position techniques -
Indirect testing to detarmine temperature rise

IEC 62114, Electrical insulation systems – Thermal classification

CISPR 11, /ndustria/, scientific and madical (KM) radio-frequency equipment -
Electromagnetic disturbance characteristics - Limits and methods of measurement

Cl SPR 14, Electromagnetic compatibility - Requirements for household appliances, electric
tools and similar apparatus

Cl SPR 16, Specification for radio disturbance and immunity measuring apparatus and
methods

2

  
  

 



lS/lEC 60034-1:2004

3 Terms and definitions

For the purposes of this document, the definitions in IEC 60050(411) and the following
definitions apply.

For definitions concerning cooling and coolants, other than those in 3.17 to 3.22, reference
should be made to IEC 60034-6.

For the purposes of this standard, the term ‘agreement’ means ‘agreement between the
manufacturer and purchaser’.

3.1
rated value
a quantity value assigned, generally by a manufacturer, for a specified operatin~ondition of
a machine

[IEV 41 1-51-23]

NOTE The rated voltage or voltage range is the rated voltage or voltage range between lines at the terminek%

3.2
rating
the set of rated values and operating conditions

[IEV411-51-24]

3.3
rated output
the value ,of the output included in the rating

3.4
load
all the values of the electrical aqd mechanical quantities that signify the demand made on a
rotating machine by an electrical circuit or a mechanism at a given instant

[IEV411-51-01]

3.5
no-load (operation)
the state of a machine rotating with zero output powef (but under otherwise normal operating
conditions)

[IEV 411-51-02, modified]

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

[IEV411-51-10]

3.7
full load value
a quantity value for a machine operating at full load

[IEV411-51-11]

NOTE This concept spplies to power, torque, current, speed, etc.
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3.8
de-energized and rest
the complete absence of all

[IEV411-51-03]

3.9
duty

movement and of all electrical supply or mechanical drive

the statement of the load(s) to which the
starting, electric braking, no-load and rest
durations and sequence in time

[IEV 41 1-51-06]

3.10
duty type

machine is subjected, including, if applicable,
and de-energized periods, and including their

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

[IEV411-51-13]

3.11
cyclic duration factor

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

[IEV411-51-09]

3.12
locked-rotor torque
the smallest measured torque the motor develops at its
all its angular positions at rated voltage and frequency

[IEV 41 1-48-06]

3.13
locked rotor current

shaft and with the rotor locked, over

the greatest steady-state r.m.s. current taken from the line with the motor heid at rest, over all
angular positions of its rotor, at rated voitage and frequency

[IEV411-48-16]

3.14
pull-up torque (of an a.c. motor)
the 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

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

NOTE In addition to the steedy-state asynchronous torques, harmonic synchronous torques, which are a, function
of rotor load angla, will ba presant at specific speeds.

At such speads, the accelerating torque may be negativa for some rotor load angles.

Experience and calculation show this to be an unstable operating condition and therefore harmonic synchronous
torques do not pravent motor acceleration and ara excludad from this definition.
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lS/lEC 60034-1:2004

3.15
breakdown torque (of an a.c. motor)
the 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

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

3.16
pull-out torque (of a synchronous motor)
the maximum torque which the synchronous motor develops at synchronous speed with rated
voltage, frequency and field current

3.17
cooling
a procedure by means of which heat resulting from losses occurring in a machine is given up
to a primary coolant, which may be continuously replaced or may itself be cooled by a
secondary coolant in a heat exchanger

[IEV411-44-01]

3.16
coolant
a medium, liquid or gas, by means of which heat is transferred

[IEV 41 1-44-02]

3.19
primary coolant.
a 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

[IEV411 -44-03]

3.20
secondary coolant
a medium, liquid or gas, which, being at a lower temperature than the primary coolant,
removes the heat given up by this primary coolant by means of a heat exchanger or through
the external surface of the machine

[IEV 41 1-44-04]

3.21
direct cooled (inner cooled) windingl
a 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

[IEV 41 1-44-08]

3.22
indirect cooled windingl
any winding other than a direct cooled winding

[IEV 41 1-44-09]

1) In all ~a~a~ when ‘indirect’ or ‘direct’ is not stated, an indirect cooled winding iS implied.
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3.23
supplementary insulation
an 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
the sum (integral) of the products of the mass elements of a body and the squares of (heir
distances (radii) from a given axis

3.25
thermal equilibrium
the state reached when the temperature rises of the several parts of the machine do not vary
by more than a gradient of 2 K per hour

[IEV411-51-08]

NOTE Thermal equilibrium may be determined from the time-temperature rise plot when the straight lines
between points at the beginning and end vf twv succ~$$ive rea$vflalJe intervals cash have a gradient of less than

2 K per hour.

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

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

[IEV 41 1-39-06]

3.28
rated form factor of direct current supplied to a d.c. motor armature from a static power
converter
the ratio of the r.m.s. maximum permissible value of the current Irma maxN to-its average value
IavN (mean value integrated over one period) at rated conditions: ‘

km =
I rms, maxN

IavN

3.29
current ripple factor
the ratio of the difference between the maximum value Imax and the minimum value Zmin of an
undulating current to two times the average value Zav (mean value integrated over one
period):

I ma. - ‘rnin

% = 2xIav

NOTE For small values of current ripple, the rippla factor may be approximated by the following expression:

I – Imln~=m~
Imm + Imin

The above expression may be used as an approximation if the resulting calculated value of qi
is equal to or less than 0,4.

6
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3.30
tolerance
the permitted deviation between the declared value of a quantity and the measured value

3.31
type test
a test of one or more machines made to a certain design to show that the design meets
certain specifications

[IEV 41 1-53-01]

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

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

[IEV 41 1-53-02]

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;

c) by selecting one of the duty types S1 to S10 that is no iess 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 normaily cannot provide values for the moment of inertia of the motor (JM) or
the relative thermal life expectancy (T-L), 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
I

I

I

~r

I i

Key

P load

P“ electrical losses

0 temperature

Elmax maximum temperature attained

1 tima

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.

1 i
t $ I
t 1

t ~
I t !

I
!
I

:
1
1
1 I
1
1
:
t
t

l+--’ t

Key

P load

P“ electrical losses

(3 temperature

e max maximum temperature attained

f time

AIP operation time at constant load

Figure 2- Short-time duty - Duty type S2
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‘1

4.2.3 Duty type S3 - Intermittent periodic duty 2

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 %

P

Key

P

P“

Q

0 max

t

Tc

Arp

AtR

---

!1tI11II;----

YI1:It

4AtR

1 1
I I
1 1tt

---EL
, ,
1 I1 1
1 I

!------- +-----A1I

i

load

electrical losses

temperature

maximum temperature attained

time

time of one load cycle

operation time at constant load

time de-energized and at rest

Cyclic duration factor = A@/Tc

Figure 3- Intermittent periodic duty - Duty type S3

2) periodic, duty implies that thermal equilibrium is not reached during the time on load.

10

  
  

 



lS/lEC 60034-1 :2004

4.2.4 Duty type S4 - Intermittent periodic duty with starting 2

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 (JM) and the moment of inertia of the load (JeXt), both referred to the motor
shaft.

Example: S4 25 ?40JM = 0,15 kg x mz Jext = 0,7 kgx m2

I I
it

Key

P load t time
P~ electrical losses Tc time of one load cycle
Q temperature

AtD starting/accelerating time
@max maximum temperature attained

Atp operation time at constant load

AIR time de-energized and at rest
Cyclic duration factor = (At. + ArP)/Tc

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

2 Periodic duty implies that thermal equilibrium is not reached during the time on load,
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4.2.5 Duty type S5 - Intermittent periodic duty with electric braking 2

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 (JM) and the moment of inertia of the load (Je.), both referred to the motor shaft.

Example: S5 25 % ~M = 0,15 kg x I?12 Jext = 0,7 kg x m2

I

Key

P load Tc time of one load cycle

P“ electrical losses AtD starting/accelerating time

0 temperature Atp operation time at constant load

e max maximum temperature attained AtF time of electric braking

f time AIR time de-energized and at raat

Cyclic duration factor = (AtD + ArP + AtF)/Tc

Figure 5- Intermittent periodic duty with electric braking - Duty type S5

2 periodic duty implies that tharmal equilibrium is not reached during the time on load.
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4.2.6 Duty type S6 - Continuous-operation periodic duty 2

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 Y.

1 1 I I
I 1 i

I I I i1
1 I I

:! 1 I I

1 I I

I

I

!

I 1
-1

I I 1 , I *
1
i

Q;
t

I#I

111
I,
1
I

I 1
j

1I I

: I
ttt
1

t

Key

P load t time

Pv electrical losses Tc time of one loed cycle

e temperature AtP operetion time at constant load

omax maximum temperature attained Atv operation time at no-load

Cyclic duration factor = ArP/Tc

Figure 6- Continuous operation periodic duty - Duty type S6

2 periodic duty implies that thermal equilibrium is not reached during the time on load.
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4.2.7 Duty type S7 - Continuous-operation periodic duty with electric braking 2

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 (Jext), both referred to the motor shaft.

Example: S7 JM = 0,4 kg x m2 Jext = 7,5 kg x m2

Pv

1
1

L
-

IIt
i
,
i
I

\

-- ------------

Key

P load t time

Pv electrical losses Tc time of one load cycla

e tam peratu re AtD starting/accelerating time

e max maximum tamparature attained Atp operation time at constant load

Cyclic duration factor = 1 AtF time of elactric braking

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

2 periodic duty implias that tharmal equilibrium is not raached during tha time on load.
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4.2.8 Duty type S8 - Continuous-operation periodic duty with related load/speed
changes 2

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 (JM) and
the moment of inertia of the load (Jext), both referred to the motor shaft, together with the
load, speed and cyclic duration factor. for each speed condition.

Example: S8JM=0,5kgxm2 JeXt = 6 kg x mz 16 kW 740 rein-f 30 ‘%0

40 kW 1460 rein-f 30 %

25 kW 980 rein-l 40 %

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

15

  
  

 



..

P

k ,!
,1
,1
,1
,1

Pv
/ ; Atc

L

it-o,1
,1
,1
,1
,;

@\:

@

b

,1
,1

max --, ------
\l

;U,;

,1,1

,1

n

IY

;1~1,1,1,1,1
,1

I I

1
1

1;
t

Arp3 i ; IIII II I
I II II
1; 11 II I

II II
AfF2\ ! II 11 I

11 II
-; II !

L!Il.

IIII III IIt !IIIt
!.

1, 1
i; II IiII IIII IIII

I! II I

+, ~

. --- +-+------ ~ .-------- ~--- ,11
II1111 I31

I II j
1!
II11 Ili

t II 1!.II II t

II II II

L

II ~! III II !I IIII11 !
IIII

if

Key

P load t time

Pv electrical losses Tc time of one load cycle

o temperature AtD starting/accelerating time

Omax maximum temperature attained AtP operation time at constant load (Pi, P2, P3)

n speed AtF time of electric braking (Fl, F2)

Cyclic duration factor =(AtD+AIPl)/Tc; (ArF1 +AIp2)/Tc:(AfF2+Afp3)/Tc

Figure 8- Continuous operation periodic duty with related
Ioadlspeed 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
as the reference value (“Pre{’ in Figure 9) for the overload concept.

n

P

1

I!l\l:
I

r 1
.

Key

P

Pee,

P“

e

Qmax
n

t r-----_r_-----*-.--or ------
I I { 1
t
I{

load t time

refarence load At. starting/accelerating time

electrical losses Atp operation time at constant load

temperature AfF time of alectric braking

maximum temperature attained AIR time de-anergized and at rest

apeed Ats time under ovarload

is taken

Figure 9- Duty with non-periodic load and speed variations - Duty type S9
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4.2.10 Duty type S1O - 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).

The appropriate abbreviation is S1 O, followed by the per unit quantities p/AI for the respective
load and its duration and the per unit quantity TL 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: S~OplAt = 1,1/0,4; 1/0,3; 0,9/0,2; r/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 shall be
taken as the reference value (’Pre~in Figure 10) for the discrete loads.

NOTE The discrete velues 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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1’

Key

P

Pi

P,e,

P“

@

Clref

load f

constant load within a load cycle II

refarence load based ondutytype Sl Tc

electrical Iossas
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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 assignin9 the ratin9 .
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 termmals of
the whole arrangement.

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

Special considerations are required when assigning ratings to machines fed from or supplying
statiC converters. }EC 60034-17 gives guidance for the case of cage induction motors covered
in IEC 60034-12.

5.2 Chssee 6f ra$htg

5.2.1 Rating for continuous running duty

A rating at wl?ieh tha matohhe may be operated for an unlimited period, while complying with
the requirements of this standard.

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

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
requirements of this standard.

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

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

15 %, 25 %, 40 %, 60 “A.

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 standard.

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
standard. 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
given in annex A.

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

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

5.2.6 Rating for equivalent loading

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

NOTE The determination of an equivalent reting should take account of the varying load, speed and cooling of the
duty cycle.

This class of rating, if applied, is designated ‘equ’.

5.3 Selection of a class of rating

A machine manufactured for general purpose shall have a rating for continuous running duty
and be capable of performing duty type S1.

If the duty has not been specified by the purchaser, duty type S1 applies and the rsting
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 of loads including a time of no-load or
times where the machine wiil 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.

When a machine is intended non-periodically to supply variable loads at variable speeds,
inciuding overloads, the rating shali 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.
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5.4 Allocation ofoutputsto class of rating

In the determination of the rating:

For duty types S1 to S8, the specified value(s) of the constant load(s) shall be the rated
output(s), see 4.2.1 to 4.2.8.

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 Rated output

5.5.1 DC generators

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

5.’5.2 AC generators

The rated output ia the apparent power at the terminals and shall be expressed in volt-
amperes (VA) together with the power factor.

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

5.5.3 Motors

The rated output is the mechanical power available at the shaft and shall be expressed in
watts (W).

NOTE It is the practice in some countries for the mechanical power available at the shafts of motors to be
expressed in horsepower (1 hp. is equivalent to 745,7 W; 1 ch (cheval or metric horsepower) is equivalent to
73e w).

5.5.4 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 C)Cgenerators

For d.c. generators intended to operate over a relatively
output and current shall apply at the highest voltage of the
see also 7.3.

5.6.2 AC generators

For a.c. fienerators intended to operate over a relatively

small range of voltage, the rated
range, unless otherwise specified,

small range of voltage, the rated
output aid 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)

l,13<uM<3,rJ 100

I 3,0< UN s 6,0 I 150 I

6,0< UN 411,0 800

11,0 CUNS 15,0 2500

5.8 Machines with more than one rating

For machines with more than one rating, the machine shall comply with this standard in all
respects at each rating.

For multi-speed motors, a rating shall be assigned for each speed. 1

When a rated quantity (output, voltage, speed, etc. ) may assume several values or vary
continuously within two limits, the rating shall be stated at these values or limits. This
provision does not apply to voltage and frequency variations during operation as defined in
7.3 or to star-delta connections intended for starting.

6 Site operating conditions

6.1 General

Unless otherwise specified, machines shall be suitable for the following site operation
conditions. For site operating conditions deviating from those values, corrections are given in
Clause 8.

6.2 Altitude

The altitude shall not exceed 1000 m above sea-level.

6.3 Maximum ambient air temperature

The ambient air temperature shall not exceed 40 “C.

6.4 Minimum ambient air temperature

The ambient air temperature shall not be less than -15 “C for any machine.

The ambient air temperature shall be not less than O “C for a machine with any of the
following:

a) rated output greater than 3300 kW (or kVA) per 1 000 rein-f;

b) rated output less than 600 W (or VA);

c) a commutator;

d) a sleeve bearing;

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

The water coolant temperature at the inlet to a machine or heat exchanger, or the ambient
water (in the case of submersible machines with surface cooling or machines with water
jacket cooling) shall not exceed +25 ‘C nor be less than +5 “C.

6.6 Storage and transport

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

6.7 Purity of hydrogen coolant

Hydrogen cooled machines shall be capable of operating at rated output under rated
conditions with a coolant containing not less than 95 ‘A hydrogen by volume.

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

For calculating efficiency in accordance with IEC 60034-2, the etandard composition of the
gaseous mixture shall be 98 “A hydrogen and 2 “A air by volume, at the specified values of
pressure and temperature of the re-cooled gas, unless otherwise agreed. Windage losses
shall be calculated at the corresponding density.

7 Electrical operating conditions

7.1 Electrical sup.PiY

For three-phase a.c, machines, 50 Hz or 60 Hz, intended to be directly connected 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 performarrce.

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

7.2 Form and symmetry of voltages and currents

7.2.1 AC motors

7.2.1.1 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 (lYVF’) not exceeding:

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

- 0,03 for design N motors..
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The 17V..&hall be computed by using the following formula:

where

?4“ is the ratio of the harmonic voltage Cln to the rated VOlh!gr2 UN;

n is the order of harmonic (not divisible by three in the case of three-phase

k= 13.

a.c. motors);

Three-phase a.c. motors shall be suitable for operation on a three-phase voltage system
having a negative-sequence component not exceeding 1 !/. of the positive-sequence
component over a long period, or 1,5 % for a short period not exceeding a few minutes, and a
zero-sequence component not exceeding 1 ‘?40of 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 standard should be not more than
approximately 10 K.

NOTE In the vicinity of large single-phesa 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 ba necessary.

7.2.1.2 AC motors supplied from static converters have to tolerate higher harmonic contents
of the supply voltage, see IEC 60034-17 for the case of cage motors within the scope of
IEC 60034-12.

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

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 ?40of the positive-sequence component.

The HCF shall be computed by using the following formula:

where

in is the ratio of the harmonic current Zn to the rated current IN;

n is the order of harmonic;

k= 13.

Should the limits of deformation and imbalance occur simultaneously in service at the rated
load, this shall not lead to any harmful temperature in the generator and it is recommended
that the resulting excess temperature rise related to the limits specified in this standard
should be not more than approximately 10 K.
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7.2.3 Synchronous machines

Unless otherwise specified, three-phase synchronous machines shall be capable of operating
continuously on an unbalanced system in such a way that, with none of the phase currents
exceeding the rated current, the ratio of the negative-sequence component of current (12) to
the rated current (IN) does not exceed the values in Table 2 and under fault conditions shall
be capable of operation with the product of (Z2/ZN)2 and time (f) not exceeding the values in
Table 2.

Table 2- Unbalanced operating conditions for synchronous machines

tern Machine type Maximum 1211N value for Maximum (12/IJ2 x f in
continuous operation seconds for operation under

fault conditions

Salient pole machines

1 Indirect cooled windings

motors 0,1 20

generators o,oa 20

synchronous condensers 0,1 20

2 Oirect cooled (inner cooled) stator
snd/or field windings

meters 0,0s 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

s350 MVA 0,08 8

>350 5900 MVA See Note 1 See Note 2

>900 d 250 MVA See Note 1 5

>1 250 S1 600 MVA 0,05 5

.JOTE 1” For these machines, the value of I~lN is calculated as follows:

~=om, s~-350

IN 3X104

‘JOTE 2 For these mechines, the value of (12/1N)2 x t , in seconds, is calculated as follows:

:I#N)2 x r = 8-0,00545 (SN - 350)

r+here in tha two notes, SN is the rated aPPsrent Power in MVA
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7.2.4 DC motors supplied from static power converters

In the case of a d.c. motor supplied from a static power converter, the pulsating voltage and
current affect the performance of the machine. Losses and temperature rise will increase
and the commutation is more difficult compared with a d.c. motor supplied from a pure d.c.
power source.

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

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

[ccc- ua~-f-L]

where

ccc

ua~

f

L

is the identification code for converter connection according to IEC 60971;

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

consists of two digits indicating the rated input frequency, in he’rtz;

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

Motors with rated output not exceeding 5 kW, instead of being tied to,a specific type pf static
power 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 appropriate 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 be so
low as to result in a current ripple factor not higher than 0,1 at rated conditions.

7.3 Voltage and frequency variations during operation

For a.c, machines rated for use on a power supply of fixed frequency supplied from an a.c.
generator (whether local or via a supply network), combinations of voltage variation and
frequency variation are classified as being either zone A or zone B, in accordance with Figure
11 for generators and synchronous condensers, and Figure 12 for motors.

For d.c, machines, when directly connected to a normally constant d.c. bus, zones A and B
apply only to the voltages.

A machine shall be capable of performing its primary function, as specified in Table 3,
continuously within zone A, but need not comply fully with its performance at rated voltage
and frequency (see rating point in Figures 11 and 12), and may exhibit some deviations.
Temperature rises may be higher than at rated voltage and frequency.
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A machine shall be capable of performing its primary function within zone B, but may dxhibit
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.

NOTE 1 In practical applications and operating conditions, a machine will sometimes be required to opemte
outsida the perimeter of zone A. Such excursions should be limited in value, duration and frequancy of occurrence.
Corrective measures should be taken, where practical, within a reasonable time, for example, a raduction in output.
Such action may avoid a reduction in machine life from temperature effects.

NOTE 2 The temperature-rise limits or temperature limits in accordance with this standard apply at the rating
point and may be progressively exceeded as the operating point moves away from the rating point. For Conditions
at the extrame boundaries of zone A, the temperature rises and temparaturas typically exceed the limits specified
in this standard by approximately 10 K.

NOTE 3 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.

Table 3- Primary functions of machines

I Item
I

Machine type
I

Primary function
1

1 AC generator, excluding itam 5 Rated apparent pewar (kVA), at rated power factor where this is
aeparataly controllable

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

3 Synchronous motor, excluding item 5 Rated torque (Nm), the excitation maintaining either rated field
current or ratad power factor, where this is separately
controllable

4 Synchronous condenser, excluding Rated apparent pewer (kVA) within the zone applicable te a
item 5 generator, aee Figure 11, unless otherwise agreed

5 Turbine-type machine, with rated See IEC 60034-3
outvut >10 MVA

[ 6 [DC generator I Rated output (kW) I
I ,

t

7 DC motor Rated torque (Nm), the excitation of a shunt motor maintaining
rated soeed. where this is saoaratelv controllable 1

‘,
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Y

--kO,ao
)3
–x

Key

X axis frequency p.u. 1 zone A

Y axis 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 a.c. machines operating on unearthed systems

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

If the winding does not have the same insulation at the line and neutral ends, this shall be
stated by the manufacturer.

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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‘1

7.5 Voltage (peak and gradient) withstand levels

For a.c. motors the manufacturer shall declare a limiting value for the peak voltage and for the
voltage gradient in continuous operation.

For cage induction motors within the scope of IEC 60034-12, see also IEC 60034-17

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

8 Thermal performance and tests

8.1 Thermal class

A thermal class in accordance with IEC 62114 shall be assigned to the insulation systems
used in machines.

It is the responsibility of the manufacturer of the machine to interpret the results obtained 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
capability of the individual materials used in it.

NOTE 2 The continued use of an existincr insulation svstem is acceptable where it has been rxoved bv
satisfactory service experience.

8.2 Reference coolant

The reference coolant for a given method of cooling the machine is specified in Table 4

Table 4- Reference coolant (see also Table 10)

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 Ak Indirect Air 7 Reference temperature:
40 “c

3 Air Indirect Water
~

Coolant at inlet to

4 Hydrogen Indirect Water
machine or ambient water

8 Reference temperature of
cooling gas at inlet to

machine: 40 ‘C
Reference temperature of

ambient water: 25 “C
(see note)

5 Air Direct None 12 Temperature Ambient air

6 Air Dhect Air 12 Reference temperature:
40 “c

7 Air Direct Water 12 Gas at entry to machine

8 Hydrogen Diract Water 12
or liquid at entry to the

or liquid
windings

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 referenca 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 4.

NOTE A machine may be so arranged and cooled that more than one item of Table 4 applies, in which case
different reference coolants may apply for diffarent windings.

8.3 Conditions for thermal tests

8.3.1 Electrical supply

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

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

8.3.2 Temperature of machine before test

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

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

8.3.3 Tern perature of coolant

A machine may be tested at any convenient value of coolant temperature. See Table 11 (for
indirect cooled windings) or Table 14 (for direct cooled windings).

8.3.4 Measurement of coolant temperature during test

The value 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 the last
quarter of the duration of the test. To reduce errors due to the time lag of the change of
temperature of large machines following variations in the temperature of the coolant, all
reasonable precautions shall be taken to minimize such variations.

8.3.4.1 Open machines or 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.

8.3.4.2 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.
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8.3.4.3 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,

8.4 Temperature rise of a part of a machine

The temperature rise, AO, 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 7 or 8) or of temperature (see
Table 12), when possible, the temperature shall be measured immediately before the machine
is shut down at the end of the thermal test, as described in 8.7.

When this is not possible, for example, when using the direct measurement of resistance
method, see 8.6.2.3.

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 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.

Different methods shall not be used as a check upon one another

For indirect testing see IEC 61986.

8.5.2 Resistance method

The temperature 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 into the
machine during construction, at points which are inaccessible after the machine is completed.

8.5.4 Thermometer method

The temperature is determined by thermometers applied to accessible surfaces of the
completed machine. The term ‘thermometer’ includes not only bulb-thermometers, but also
non-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.
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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 8.5.1 shall be applied (but see also 8.6.2.3.3).

For a,c. stator windings of machines having a rated output of 5000 kW (or kVA) or more the
ETD method shall be used.

For a,c, machines having a rated output less than 5000 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. 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 severa complications are involved in making the necessary connections,
the temperature may be determined by means of thermometers. Temperature rise limits in
accordance with Table 7, item Id for resistance method shall apply.

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 standard: the resistance method shall be used.

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 givaa mainly the temperature of the iron core. A detactor placed batween the coil and
the wedga will follow the tamperatura of the winding much mora closely and is, therefore, better for checks in
service. Because tha temperature there may be rather low the relation between it and tha temperature maasured
by the resistance mathod should be datarmined 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 standard.

For windings of armatures having comm~tators and for field windings the resistance method
and the thermometer method are 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.
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8.6.2 Determination by

8.6.2.1 Measurement

resistance method

One of the following methods shall be used:

. direct measurement at the beginning and the end of the test, using an instrument having a
suitable range;

● measurement by d.c. currentholtage in d.c. windings, by meaauring 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;

● superposition method without interruption of the a.c. load current by superimposing on the
load current a small d.c. measuring current, in accordance with IEC 60279.

8,6,2,2 Calculation

The temperature rise, ~ - Oa, maybe obtained from the equation:

82+k R2—_
t91,+k ‘~

where

81 is the temperature (“C) of the winding (cold) at the moment of the initial resistance
meaauremen~

~ is the temperature (“C) of the winding at the end of the thermal test;

Oa is the temperature (“C) of the coolant at the end of the thermal test;

RI is the resistance of the winding at temperature 191(cold);

R2 is the resistance of the winding at the end of the thermal test;

k is the reciprocal of the temperature coefficient of resistance at O “C of the conductor
material.

For copper k = 235

For aluminium k = 225 unless specified otherwise.

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

R2–RI ~(k+ot)+fjl-da
Oz–oa =—

RI

8.6.2.3 Correction for stopping time

8.6.2.3.1 General

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

If the initial resistance reading is obtained within the time interval s~ecified in Table 5, that
reading shall be accepted for the temperature measurement.

Table 5- Time interval

Rated output (P~) Time interval after switching ~
off power

kW or kVA s

PN < 5r3 30

I 50< PN <200
I

so

I 200< PN <5000
I

120

I 5000 e PN I By agreement

8.6.2.3.3 Extended stopping time

If a resistance reading cannot be made in the time interval specified in Table 5, it shall be
made as soon as possible but not after more than twice the interval specified in Table 5, 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 5 for
the rated output of the machine. A semi-logarithmic plot is recommended where temperature
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 5,
this method of correction shall only be used by agreement.

8.6.2.3.4 Windings with one coil-side per slot

For machines with one coil-side per slot, the resistance method by direct measurement may ,
be used if the machine comes to rest within the time interval specified in Table 5. If the
machine takes more than 90 s to come to rest after switching off the power, the superposition
method may be used if previously agreed.

8.6.3 Determination by ETD method

8.6.3.1 General

The detectors shall be suitably distributed throughout the winding and the number of detectors
installed shall be not less than six.

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

The highest reading from the ETD elements shall be used to determine the temperature of the
winding.

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

35

  
  

 



mkmtl

IWIEC60034-I :2004

8.6.3.2 Twoormore coil-sides per slot

The detectors shall be located between the insulated coil-sides within the slot in positionsat
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
positions 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 the end
windings in positions where the highest temperatures are likely to occur, The sensing point 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.

8.6.4 Determination by thermometer method

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

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

8.7 Duration of thermal tests

8.7.1 Rating for continuous running duty

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

6.7.2 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 K per hour. If necessary, measurements shall be taken at reasonable intervals over a
period of time.

&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.
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Determination of the thermal equivalent time constant for machines
of duty type S9

thermal equivalent time constant with ventilation as in normal operating conditions,
suitable for approximate determination of the temperature course, can be determ~ned from the
cooling curve plotted in the same manner as in 8.6.2.3. The value of the time constant is
1,44 times (that is to say, l/in(2) times) the time taken by the machine to cool to one-half of
the full 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 specified in
Table 6.

Table 6- Measuring points

Type of bearing Measuring point Location of meaauring point

Ball or roller A In the bearing housing and not more than 10 mm’ from tha outer,
ring of the bearingz

B Outer surface of the bearing housing as close as possible to the
outer ring of the baaring

Sleeve A In the pressure zone of the bearing shells end not more then
10 mm’ from the oil-film gapz.

B Elsewhere in the baaring shell

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

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

3 The bearing shell is the part supporting the bearing materiel and which is secured in the housing. The praasure
zone is the potilon of the circumference which supports the combination of rotor waight and radial loads.

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

NOTE Between tha measuring points A and B, as well as batween thesa points and the hottest point of the
bearing, there are temperature differences which depend, among other things, on the bearing size. For aleave
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 batween measuring points A and B is approximately 15 K.

8.10 Limits of temperature and of temperature rise

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.

The limits are stated relative to the reference coolant specified in Table 4.

A rule is given to allow for the purity of hydrogen coolant.
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8.10.1 Indirect cooled windings

Temperature rises under reference conditions shall not exceed the limits given in Table 7 (air
coolant) or Table 8 (hydrogen coolant) as appropriate.

For other operating site conditions, for ratings other than continuous running duty, and for
rated voltages greater than 12000 V, the limits shall be adjusted according to Table 9. (See
also Table 10 for limit on coolant temperature which is assumed in Table 9.)

In the case of thermometer readings made in accordance with 8.6.1, the limit of temperature
rise shall be according to Table 7.

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 11 shall apply at the test site.

If the adjusted limits given in Table 11 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 adjustments at the test site are given for windings indirectly cooled by hydrogen, because
it is very unlikely that they will be tested at rated load anywhere other than at the operating
site.
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Table 7- Limits of temperature rise of windings indirectly cooled by air

Thermal clasa 130 (B) 155 (F) 180 (H)

Method of measurement Th = Thermometer, R = Resistance, Th R ETD Th R ETD Th R ETD

ETC3 = Embedded temperature detector K K K K K K K K K

Item Part of machine

la) AC windings of machines having outputs of 5000 kW (or kVA) or 80 85’) - 105 110” - 125 130”

more

lb) AC windings of machines having outputs above 200 kW (or kVA), but - 80 90” - 105 115’) - 125 135’)

less than 5000 kW (or kVA)

1c) AC windings of machines having outputs of 200 kW (or kVA) or less, - 80 - - 105 - - 125 -

other than thosa in items 1d) or 1e)z)

ld) AC windings of machines having rated outputs of less than 600 W (or - 85 - - 110 - - 130 -
VA)2)

le) AC windings which are self-cooled without a fan (IC 40) andlor with - 85 - - 110 - - 130 -

encapsulated windingsz)

2 Windings of armatures having commutators 70 80 - 85 105 - 105 125 -

3 Field windings of a.c. and d.c. machines other than those in item 4 70 80 - 85 105 - 105 125 -

4a) Fiald windings of synchronous machines with cylindrical rotors 90 - - 110 - - 135 -
having a d.c. excitation winding embedded in slots, except
synchronous induction motors

4b) Insulated stationary field windings of d.c. machines having mora than 70 80 90 85 105 110 105 125 135
one layer

4C) Low-resistance field windings of a.c. and d.c. machines having more 80 80 - 100 100 - 125 125 -

than one layer and compensating windings of d.c. machines

4d) Single-layer windings of a.c. and d.c. machines with exposed bare or 90 90 - 110 110 - 135 135 -
varnished metal surfaces.3)

1) For adjustment for high-voltage a.c. windings see item 4 of Table 9.

2) Wkh t~ application of the superposition test method to win~ngs of machines rated at 200 kw (or kVA) or less with thermal CkISSfN 130 (B) and 155

(F), the timite of temperature rise given for the resistance method maybe exceeded by 5 K. .

3) A150 includes multiple layer windings provided that the under Iayers”are each in contact with the circulating primary COOlant.
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Table 8- Limits of temperature rise of windings indirectly cooled by hydrogen

Thermal class

Method of measurement

ETD = Embadded temperature detector
#

1 AC windings of machines having outputs of 5000 kW (or kVA)
or more or having a core length of 1 m or more

Absolute hydrogen pressure 2, s 150 kPa (1,5 bar)

> 150 kPa s 200 kPa (2,0 bar)

>200 kPa <300 kPa (3,0 bar)

>300 kPa <400 kPa (4,0 bar)

>400 kPa

2a AC windings of machines having outputs of less than 5000 kW
(or kVA), or having a core length of less than’ 1 m

2b DC field windings of e.c. and d.c. machines other than those in
items 3 and 4

3 Field windings of turbo type machines having d.c. excitation

4a Low-reaiatance field windings of more than one layer anc
compensating windings

4tl Single-la er windings with exposed bare or varnished meta
1’surfaces J

80 L
851) _

8131)

781) ~

731) -

701) _

851) 100

1051)

100’)
951)

931)

901)

1101)

8o1-11o51-

90 - 110

1) For adjustment for h~gh.voitage a,~. windings sea item 4 of Tabla 9.

z) This is the only item where the limit of temperature rise is dependant on hydrogen Pressure.

s) Also includes multi.layer field windings provided that the under Ieyers are each in contact with the circulating

orimarv coolant.

Item

la

Table 9- Adjustments to limits of temperature rise at the operating site
of indirect cooled windings to take account of non-reference

operating conditions and ratings

Operation conditions or rating

Maximum temperature of
ambient air or of the
cooling gas at inlet to the
machine (Oc) and for
altitudes of up to 1 000 m.

If the difference between
the thermal claas and the
observable limit of
temperature, consisting of
the sum of the refarence
cold coolant inlat
temperature of 40 “C and
the limit of temperature
rise according to Tables 7
and 8 is less or aqual to
5 K:

For a higher altitude
replace 40 “C with the
value given in Table 10.

O“CS!9CS40”C

Adjustment to limit of temperature rise (A8J in
Tablee 7 and 8

1

ncreased by the amount by which the coolant I
emperature is less than 40 “C.
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Table 9 (continued)

tern Operation conditions or rating Adjustment to limit of temperature rise (A6) in
Tables 7 and 8

lb Maximum temperature of o“c<@cs40”c Incraased by the amount by which the coolant
ambient air or of the temperature is lass than 40 “C, but this amount is
cooling gas at the inlat to reduced by tha factor
tha machine (flc) and for
altitudes of up to 1000 m.

(

,_ thermal class-(40 “C + /im.trnp.

If the difference between 80K ‘)

the thermal class and the
observable limit of the

with

temperature, consisting of
lim. Mp. = limit of tamparatura risa according to

tha sum of the reference
Tables 7 or 8 at 40 “C cold coolant temperature

cold coolant inlet
temperature of 40 ‘C and
the limit of temperature
rise according to Tablas 7
and 8 is larger than 5 K:

For a higher altitude
replace 40 “C with the
value given in Table 10.

Ic 40”C<OCS80”C Reduced by the amount by which the coolant
temperature exceeds 40 “C

Id OCc Oor8C>60”C By agreement

2 Maximum temperature of 5“CS~<25°C Increased by 15 K and by the difference between
tha water at the inlet to 25 “Canal ~
water-cooled heat
exchangers or maximum
temperature of the
ambient water for
submersible machines

~>25°C Incraasad by 15 K and reduced by the difference

with surface cooling or
between ~ and 25 “C

machines with water
jacket cooling (#W)

3 Altitude (H) 1000m<H<4000m No adjustment. It shall be assumed that the
and maximum ambient reduced cooling resulting from altitude is

air temperature not compensated by a raduction of maximum ambie”nt
specified temperature below 40 “C and that the total

temperature will therefore not exceed 40 “C plus
the Tabla 7 and 8 tamparature rises’)

H >4000 m By agreemant

4 Rated stator winding 12kV<UNs24kV A8 for embedded temperature datectors (ETD)
voltage (UN) shall be reducad by 1 K for each 1 kV (or part

theraof) from 12 kV up to and including 24 kV

UN >24 kV By agreement

52) Rating for short-tima duty (S2), with rated output Increasad by 10 K
less than 5000 kW (kVA)

62) Rating for non-periodic duty (S9) A8 may be exceeded for short periods during the
oparation of the machine

72) Rating for duty with discrete loads (S1 O) AL9may ba axcaaded for discrete periods during
tha operation of the machina

1) A55umin9 the decrease in ambient temperature is 1 % of the limiting rises for every 100 m Of altitude above

1000 m, the maximum ambient air temperature at the operating sits can be as shown in Tabla 10.

z) For air-cooled windings Only.
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Table 10- Assumed maximum ambient temperature

Thermal class

Altitude 130 (B) 155 (F) 180 [H)
m

Temperature
“c

1000 40 I 40 I 40, 1

t

2000 32 30 28
1

1 3000 I 24 19 15

I 4000 18
I

9
1

3
J

8.10.2 Direct cooled windings

Temperatures under reference conditions shall not exceed the limits given in Table 12.

For other operating site conditions the limits shall be adjusted according to Table 13.

If conditions at the test site differ from those at the operating site, the adjusted limits given in
Table 14 shall apply at the test site.

If the adjusted limits given in Table 14 lead to temperatures at the test site which the
manufacturer considers to be excessive, the testing procedure and the limits shall be agreed.

8.10.3 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 !/o and 100 %.

8.10.4 Permanently short-circuited windings, magnetic cores and ali 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.

8.10.5 Commutators and siiprings, open or enciosed and their brushes and brushgear

The temperature 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 temperature rise or temperature of a commutator or slipring shall not exceed that at
which the combination of brush grade and commutator or siipring material can handle the
current over the full operating range.
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Table 11- Adjusted limits of temperature rise at the test site (At+)
for windings indirectly cooled by air to take account of test site operating conditions

Item I Test condition I Adiuated limit at test sits AA- -------- ....... -. ---- -,.- - -r

1 Temperature difference of Absolute vslue of A% = A@
reference coolant at test site
(r?cT) snd operating site (8C) (Oc - OCT)<30 K

Absolute value of By agreement

(Oc - OCT)>30 K

2 Difference of altitudes of test 1000m<H<4000m
site (HT) and operating site (H)

HT<l OOOm

“T= A’(l-H:::)

H~1000m

(

HT-10t33m

1000m<HTS4000m
Af?T=A@l+

100Wm )

1000m<Hs4000m

looom<HT54000m
‘e’=’++=)

H>4000m or H7>4Crr30m By agreement

dOTE 1 A.9 is given in Table 7 and adjustad if necessary in accordance with Table 9.

‘JOTE 2 If temperature rise ia to be measured above the temperature of the water where it enters the cooler,
he effect of altitude on the temperature difference between air and water should strictly be allowed for.
+owever, for most coolef designs, the effect will be small, the difference increasing with increasing altitude at
he rate of roughly 2 K per 1 000 m. If an adjustment is necessary, it should be by agreement.
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Table 12- Limits of temperature of directly cooled windings and their coolants

Thermal class I 130 (B) I 166 fF\. . . . . .. .

Method of measurement Thermo- Resistance ETD Thermo- Resistance ETD
meter

“c “c
meter

“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 tha values given in item 2
ss the basis of rating.

la) Gas (air, hydrogen, helium, etc.) 110 130

1b) Water 90 _ 90

2 AC windings

2a) Gas cooled
2b) }

120 -’ - 145
Liquid cooled Note 1 Note 1

3 Field windings of turbine type machines

3a) Cooled by gas Iesving the rotor

through the following number of

outlet regions (Note Z)

1 and Z 100 - - 115 -

3 and 4 105 - - 120 -

6 110 - - 125 -

8to 14 115 - - 130 -

above 14 120 - ,- 135 -

3b) Liquid cooled Observance of the maximum coolant temperature given in
item 1b) will ensure thst the hotspot temperature of the winding
is not excessive

4 Field windings of a.c. and d.c.
mechines 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

dOTE 1 No adjustment in the case of high-voltage a.c. windings is applicable to these items, see Table 13,
tern 2.

40TE 2 The rotor ventilation is classified by the number of radial outlet ragions on the total length of the rotor.
special outlat regions for the coolant of the end windings are included as one outlet for each and. The common
>utlet region of two axially opposed flows is to be counted ss lwo regions.
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Table 13- 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 12

1 Temperature #c of 0“CS8CS40”C Reduction by the amount of the difference between
reference coolant 40 “C and @c. However, by agreement, a smaller

reduction may be applied, provided that for #c < 10 “C
the reduction is made at least equal to the difference
between 10 “C and @e

7
40*ccecs60*c No adjustment

+
&c< O”Cor8c>60”C By agraement

2 Rated stator winding UN>ll kV No adjustment
voltage (UN)

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

Item

1

2

Table 14- Adjusted limits of temperature at the test site 6+ for windings
directly cooled by air to take account of test site operating conditions

Teat canditieo

(ec - O,T) > 30K

Difference of altitudes

I1000m<Hs4000m
of test site (HT) and
operating site (H) HTcli)Of)m

Adjusted limit of temperature
at test site +

(’+=,9

By agreement I
I

‘T=’e-’c(’-=)+ec’
IH<1000M

1000m<HTS4000m
leT=’e-ecf+H:~~:m)+ec’ I

1000m<HS4000m

1000 mcHT54000m
‘T=(’-’ct+=)+ec’

1

H>4000mor HT>4000m I By agreement I
NOTE 8 is aiven in Table 12 and adiusted if necessarv in accordance with Teble 13. I
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9 Other performance and tests

9.1 Routine tests

Routine tests are always factory tests. They can only be performed on machines which are
assembled at the works of the manufacturer. The machine need not be completely
assembled. It can lack components which are not significant for the testing. Routine tests do
not need the machine to be coupled except for the open-circuit test on synchronous
machines.

The minimum test schedule is listed in Table 15 and is applicable for machines with rated
output s 20 MW (MVA). Additional routine tests may be performed especially on machines
with ratings above 200 kW (kVA). The term synchronous machines includes permanent t
magnet machines.

For d.c. machines, depending on size and design, a commutation test under load may be
performed as a routine test.

Table 15- Minimum schedule of routine tests

Number Test Induction machines Synchronous DC machines
(including machines with separate or

synchronous shunt excitation
induction motors)’ Motors Generators

1 Resistance of windings (cold) Yes Yes Yes

2 No-load losses and current Yes

3a No-load losses at unity power Yes4
factor2

3b No-load excitation current at rated Yes4
voltage by open-circuit test 2

4 Excitation current at ratad spead Yes
and ratad armature voltage

5 Open circuit secondary induced Yes
voltage at standstill (wound rotor)s

6a Direction of rotation Yes Yes Yas

6b Phase sequence Yes

7 Withstand voltage test according
to 9.2

Yas Yes Yes

‘ IEV 411-33-04.

2 Permanent magnet mschines excluded.

s For safety ”considerations thts test may be performed at reduced voltage.

4 Tests 3a and 3b are exclusive. Only one of these tests is required.
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9.2 Withstand voltage test

A test voltage, as specified below, shall be applied between the windings under test and the
frame of the machine, with the core and the windings not under test connected to the frame. It
shall be applied only to a new and completed machine with all its parts in place under
conditions equivalent to normal working conditions and shall be carried out at the
manufacturer’s works or after erection on site. When a thermal test ia carried out, the
withstand voltage test shall be carried out immediately after that 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.

Except as stated below, the test voltage shall be of power frequency and as near as possible
to a sine wave form. The final value of the voltage shall be in accordance with Table 16.
However, for machines with a rated voltage 6 kV or greater, when power frequency equipment
is not availabl~, then by agre~rnent a cf, c. test may be carried out at a VOl@r3 1,7 tinl W3 the
r,m. s, value given in Table 16.

NOTE 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.

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 ‘A 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 16. 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
UN s 1 kV, the 1 min test may be replaced by a test of 1 s at 120 % of the test voltage
specified in Table 16.

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
Table 16.

To determine the test voltage from Table 16 for d,c. motors supplied by static power
converters, the direct voltage of the motor or the r.m.s. phase-to-phase value of the rated
alternating voltage at the input terminals of the static power converter shall be used,
whichever is the greater.

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

When a user and a repair contractor have agreed to carry out withstand voltage tests in cases
where windings have been patilally rewound or in the case of an overhauled machine, the
following procedure is recommended:

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

b) overhauled machines, after cleaning and drying, are subjected to a test at a voltage equal
to 1,5 times the rated voltage, with a minimum of 1 ()()0 V if the rated voltageisequal to or

greater than 100 V and a minimum of 500 V if the rated voltage is less than 100 V.

Table 16- Withstand voltage tests

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

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

insulatad windings of rotating machines of rated 1 000 V + twice the rated voltage with a minimum of
cmtput less than 10000 kW (or kVA) with the 1500 V (Note 1)
exception of those in item 1 and items 4 to 8
(Nota 2)

Insulated windings of rotating machines of rated
output 10000 kW (or kVA) or more with tha
exception of those in items 4 to 8 (Note 2)

Rated voltage (Note 1):

. up to and including 24000 V 1000 V + twice the rated voltage

- above 24000 V” Subject to agreement

Separately excited field windings of d.c. 1000 V + twice the maximum rated circuit voltage with
machines a minimum of 1 500 V

Field windings of synchronous generators,
synchronous motors and synchronous
condensers.

Rated field voltage:

- up to, and including 500 V, Ten timas the rated field voltage with a minimum of
1500 v

-above 500 V. 4000 V + twica the rated field voltage

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 1500 V and a maximum of 3 500V.
across a resistance of value less than ten times
the resistance of the winding

Whan the machine is intended to be started 1000 V + twice the maximum value of the r.m.s.
aither with the field winding connected across a voltage, which can occur under the specified starting
resistance of value aqual to, or more than, tan 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 saction, with a minimum of 1500 V
field-dividing switch (Note 3)

Secondary (usually rotor) windings of induction
motors or synchronous induction motors if not
permanently short-circuitad (e.g. if intended for
rheostatic starthg)

8a) For non-reversing motors or motors reversible
from standstill only

6b) For motors to be reversed or braked by
reversing the primary supply while the motor is
running

1 000 V + twice the open-circuit standstill voltage as
measured between slip-rings or secondary terminals
with rated voltage applied to the primary windings

1 000 V + four timas the open-circuit standstill
secondary voltage as defined in item 6a)
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8

9

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

Exciters (except ss below) As for the windings to which they sre connected

Exception 1: exciters of synchronous motors 1 000 V+twice therated exciter voltage, withe
(including synchronous induction motors) if minimum of 1 500V
connected to earth ordisconnected from the
field windings during starting

Exception 2: seperataly excited fiald windings
of axciters (see item 4)

~Electrically interconnected machines Arepetition ofthatests in items 1 to7above should be
and apparatus svoided if possible, but if a tast is performad on a

~

group of machinaa and apparatus, eech having
previously passad its withstand voltage test, tha test
voltega to be appliad to such en electrically connected

I

arrangement shall be 80% of the lowest test voltaga
appropriate for any individual piaca of the arrangement
(Nota 4)

Devicas that are in physical contact with 1 500V
windings, for example, temperature detectors,
shall betasted to the machine frame.

During tha withstend taat on tha machine, all
devices in physical contact with the winding
shall be connected to the machina frame.

NOTE 1 Fortwo-pheae windings having ona terminal uncommon, thevoltage intheformula shall be the highest
r.m.s. voltage arising between any two terminals during operation.

NOTE2 Withstand tastson machines having graded insulation should bethesubject ofagreamant.

INOTE 3 The voltage occurring between the tarminals of the field windings, or sections thereof, under tha
specified starting conditions, may be measured at any convenient reduced supply voltage, and the voltage so
measured shall be increased in the ratio of thaspecified statilng supp~voRage tothetest supply voltage.

NOTE4 For windings of ona or more machines connected together electrically, the voltage to beconsidered”is
the maximum voltaga that occurs in relation to earth.

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 standard. 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 a generator and ; motor, the excess current cap~b”ility

agreement.

NOTE For the capability of synchronous machines concerning tha occasional
current under fault conditions, see 7.2.3.

9.3.2 Generators

should be the subject of

negative-aequenca componant of

AC generators having rated outputs not exceeding 1200 MVA shall be capable of
withstanding a current equal to 1,5 times the rated current for not less than 30s.

AC generators having rated outputs above 1200 MVA shall be capable of withstanding a
current equal to 1,5 times the rated current for a period which shall be agreed, but this period
shall be not less than 15 s.
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9.3.3 Motors (except commutator motors and permanent magnet motors)

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

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

NOTE Polyphasa motors having rated outputs above 315 kw and all single-phase motors, no occasional excess
current is specified.

9.3.4 Commutator math ines

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

a) apeed:

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 ‘A 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 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.

NOTE For an approximate determination of the change in temperature due to the current-related losses, the
thermal equivalent time constant determined according to 6.6 may+e used.

Motore 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 ‘k.

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.
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9.4.2 Polyphase synchronous motors

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

– synchronous (wound rotor) induction motors: 35 Y. excess torque;

– synchronous (cylindrical rotor) motors: 35 !40excess torque;

– synchronous (salient

9.4.3 Other motors

The momentary excess
subject of agreement.

9.5 Pull-up torque

pole) motors: 50 Y. excess torque.

torque for single-phase, commutator and other motors shall be the

Unless otherwise specified (for example machines according to IEC 60034-12), the pull-up
torque of cage induction 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 17 unless otherwise stated on the rating
plate,

Table 17- Maximum safe operating speed (rein-l) of three-phase single-speed
cage induction motors for voltages up to and including 1000 V

Frame number 2 pole 4 pole 6 pole

-s 100 5200 3600 2400

112 5200 3600 2400

132 4500 2700 2400

160 4500 2700 2400

160 4500 2700 2400

200 4500 2300 1600

225 3600 2300 1800

250 3600 2300 t aoo

260 3600 2300 1800

315 3600 2300 1800

NOTE The above values may have to be reduced to meet the requirements of
IEC 60079.

NOTE When operating at speeds above rated speed, for example, when used with adjustable speed controls,
noise and vibration levels will increese. Tha user may require to fine balance the motor rotor for acceptable
operation above rated spead. Bearing life may ba reduced. Attention should be paid to the re-greasing intervals
and the grease service life.
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9.7 Overspeed

Machines shall be designed to withstand the speeds specified in Table 18.

An overspeed test is not normally considered necessary but can be performed when this is
specified and has been agreed. (For turbine-type a.c. generators, see also IEC 60034-3, ) An
overspeed test shall be considered as satisfactory if no permanent abnormal deformation is
apparent subsequently, and no other weakness is detected which would prevent the machine
from operating normally, and provided the rotor windings after the test comply with the
required dielectric tests. The duration of any overspeed test shall be 2 min.

Due to settling of laminated rotor rims, laminated poles held by wedges or by bolts, etc. a
minute permanent increase in the diameter is natural, and not to be considered as an
abnormal deformation indicating that the machine is not suitable for normal operation.

During commissioning of a hydraulic-turbine driven synchronous generator, the machine shall
be driven at the speed it can reach with the overspeed protection operating, so as to ascertain
that the balance is satisfactory up to that speed.

Table 18- Overspeeds

Item t Machine type I Overspeed I

1

1a)

AC machines

All machines other than those specified
below:

Water-turbine driven generators, and
any auxiliary machines connected
directly (electrically or mechanically) to
the main machine

1,2 times the maximum rated speed

Unless otherwise specified, the runaway speed of the set but
not less than 1,2 times the maximum rated speed

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 accidentally
disconnected, the words “no-load speed’ shall be interpreted
to mean the lightest load condition possible with the load

ld) Three-phase single-speed cage 1,2 times the maximum safe operating speed
induction motors according to 9.6

2

2a)

DC machines

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 lass corresponding no-load speed, whichever is greater but not

exceeding 1,5 times the highest rated speed

2C) Compound excited motors heving
speed regulation greater than 35 %
and series motors

The manufacturer shall assign a maximum sefe operating
speed which shall be marked on the rating plate. The
overspeed for these motors shall be 1,1 times the maximum
safe operating speed. The safe operating speed merking is
not required on motors that are capable of an overspeed of
1.1 times the no-load soeed at rated voltaae

2d) Permanent-magnet excited motors Overspeed as specified in item 2a) unless the motor has a
series winding and, in such a case, they shall withstand the
overspeeds specified in items 2b) or 2c) as appropriate

1 ,

2e) Generators 1,2 times the rated speed
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9.8 Short-circuit current for synchronous machines

Unless otherwise specified, the peak value of the short-circuit current for synchronous
machines, including turbine-type machines not covered bv IEC 60034-3. in the case of short
circuit on all phas& during operation at rated voltage, shall not exceed 15 times
value or 21 times the r.m. s. value of the rated current.

Verification may be carried out by calculation or by meana of a test at a voltage of
the rated voltage or above.

9.9 Short-circuit withstand test for synchronous machines

the peak

0,5 times

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 test excitation, 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 ba 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.

The test is considered satisfactory if no harmful deformation occurs and if the requirements of
the applied voltage dielectric test (see Table 16) are met after the short-circuit test. For three-
phase turbine-type machines, aee 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 bruehes 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 (Z’1/D) for synchronous machines

9.11.1 General

The requirements of this subclause apply only to synchronous machines having rated outputs
of 300 kW (or kVA) or more, intended for connection to power networks operating at nominal
frequencies of 16213 Hz to 100 Hz inclusive, with a view to minimizing interference caused by

the machines.

9.11.2 Limits

When tested on open-circuit and at rated speed and voltage, the total harmonic distortion
(THD) of the line-to-line terminal voltage, as measured according to the methods laid down in
9.11,3, shall not exceed 5 Yo.

NOTE Limiting values of individual harmonics are not specified as it is considered that machines which meet 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 frequencies measured shall cover all harmonics from rated frequency up to the 100th
harmonic.
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Either the THD may be measured directly by means of a meter and associated network
specially designed for the purpose, or each individual harmonic shall be measured and from
the measured values the THD shall be computed using the following formula:

where

‘n is the ratio of the line-to-line terminal voltage Un 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 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 1, 2, 11, 12 and 26 below as
a minimum. For special-purpose and built-in machines with rated outputs up to and including
3 kW (or kVA) items 1, 2, 11 and 12 shall be marked as a minimum and item 26 may be
provided in another form.

In all other cases, rating plate(s) shall be durably marked with the items in the following list,
as far as they apply. The items need not all be on the same plate. Letter symbols for units and
quantities shall be in accordance with IEC 60027-1 and IEC 60027-4.

If the manufacturer gives more information, this need not necessarily be marked on the rating
plate(s).

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

1) The manufacturer’s name or mark.

2) The manufacturer’s serial number, or identification mark.

NOTE A single identification mark may be used to identify each membar of a group of machines which are
made to the same electrical and mechanical design and are produced in one batch using the same technology.
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4)

5)

6)

7)

8)

9)

lS/lEC 60034-1:2004

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

NOTE If this information can be obtained from the manufacturer by quoting the date specified in item 2, it
may be omitted from both the rating plate and the separate data sheet,

The manufacturer’s machine code.

For a.c. machines, the number of phases.

The number(s) of the rating and performance standard(s) which are applicable

(IEC 60034-X and/or equivalent national standard(s)), If IEC 60034 is marked, this implies

compliance with all the other relevant standards of the IEC 60034 series.

The degree of protection provided by the integral design of the rotating electrical machine
enclosures (IP code) in accordance with IEC 60034-5,

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

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

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

12) For a.c. machines the rated frequency or range of rated frequency,

For universal motors, the rated frequency shall be followed by the appropriate symbol:
---- .. -—- ,- erl, ,-, ---- cn,t-,-l-

13)

14)

15)

16)

17)

18)

19)

20)

21)

22) The altitude for which the machine is designed (if exceeding 1000 m above sea-level).

23) For hydrogen-cooled machines, the hydrogen pressure at rated output.

ror example, - w I-IZI w a.c. au n~la.~.

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

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

The permissible overspeed if other than specified in 9.7.

or

the maximum safe operating speed if less than in 9.6.

For d.c. machines with separate excitation or with shunt excitation and for synchronous
machines, the rated field voltage and the rated field current.

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

For wound-rotor induction machines, the rated open-circuit voltage between slip-rings
and the rated slip-ring current.

For d.c. motors with armatures intended to be supplied by static power converters, the
identification code of the static power converter in accordance with IEC 60971.
Alternatively, for motors not exceeding 5 kW, the rated form factor and the rated
alternating voltage at the input terminals of the static power converter, when this exceeds
the rated direct voltage of the motor armature circuit.

The maximum ambient air temperature, if other than 40 ‘C.

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

The minimum ambient air temperature if other than specified in 6.4.
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24) When specified, the approximate total mass of the machine, if exceeding 30 kg.

25) For machines suitable for operation in only one direction of rotation, the direction of
rotation, indicated by an arrow. This arrow need not be on the rating plate, but it shall be
easily visible.

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

Two different rated values shall be indicated by X/Y and a range of rated values shall be
indicated by X-Y (see IEC 61293).

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
repair and the changes made.

11 Miscellaneous requirements

11.1 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
o
& r leg~nd shall identify this device. However, machines shall

neither be earthed nor be provided with an earthing terminal when:

1) they are fitted with supplementary insulation, or;

2) they are intended for assembly in apparatus having supplementary insulation, or;

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

NOTE The term SELV is defined in IEC 60664-2-4.

In the case of machines having rated voltages greater than 50 V a.c. or 120 V d.c., but not
exceeding 1 000 V a.c. or 1 500 V 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.

Machines for rated voltages greater than 1’000 V a.c. or 1 500 V d.c. shall have an earthing
terminal on the frame, for example an iron strap, and in addition, a means inside the terminal
box for connecting a conducting cable sheath, if any.

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

When an earthing terminal is provided in the terminal box, it shall be assumed that the
earthing conductor is made of the same metal as the live conductors.

When an earthing terminal is provided on the frame, the earthing conductor may, by
agreement, be made of another metal (for example, steel). In this case, in designing the
terminal, proper consideration shall be given to the conductivity of the conductor.
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The earthing terminal shall be designed to accommodate an earthing conductor of cross-
sectional area in accordance with Table 19. 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 to one
of the other sizes listed.

For other cross-sectional areas of live conductors, the earthing or protective conductor shall
have a cross-sectional area at least equivalent to:

that of the live conductor for cross-sectional areas less than 25 mmz;

25 mm2 for cross-sectional areas between 25 mm2 and 50 mmz;

50 ?40of that of the live ccinductor for cross-sectional areas exceeding 50 mm2.

The earthing terminal shall be identified in accordance with IEC 60445.

Table 19- Cross-sectional areas of earthing conductors

I Cross-sectional area

I

Cross-sectional area of the
of the live conductor earthing or protective

~m2 conductor

mm2

4 4

I 6 I e

10 I 10
16 16

I 25 25

35 r 25

I 50 25

70 [ 35

95 50

120 [ 70

I 150 I 70

165
[

95

240 120

300 150

400 185

11.2 Shaft-end key(s)

When a machine shaft end is provided with one or more keyways, each shall be provided with
a full key of normal shape and length.
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12 Tolerances

12.1 General

:2004

Unless stated otherwise, tolerances on declared values shall be as specified in Table 20.

Table 20- Schedule of tolerances on values of quantities

m I Quantity I Tolerance

Efficiency q

- machines up to and including 150 kW (or kVA) -Is% of(l -~)

- machines above 150 kW (or kVA) -lo% of(l -q)

1 Total losses (applicable to machines with ratings +1 O % of the total losses
>150 kW or kVA)

) Power-factor, cos O, for induction machines -1/6 (1 - COS @)

Minimum absolute value 0,02

Maximum absolute value 0,07

$ Speed of d.c.fmotors (at full load and at working
temperature)

@ Shunt and separately excited motors 1 000 PN)nN <0,67 *15%

0,67.$ 1000 PN/rrN c 2,5 *lo%

2,5 < 1000 Pr+ln~ <10 * 7,5 ‘%

10 < 1 000 fr.jln~
*5%

b) Series motors 7000 PNI.N c 0,67 *20%

0,67< 1000 PNlnN c 2,5 *15%

2,5 s 1 000 PfJn~ <10 klo%

10 $ 1 000 P~/rr~ * 7,5 %

c) Compound excited motors Tolerances as for item 4b) unless otharwise agreed

5 Variation of speed of d.c. shunt and compound *2O % of the variation with a minimum of *2 % of
excited motors (from no-load to full load) the rated speed

6 Inherent voltage regulation of d.c. generators, ●2O % of the regulation at that point
shunt or separately excited at any point on the
characteristic

7 Inherent voltage regulation of compound excited *2O % 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.)
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Item I Quantitv

8 a)

8 b)

Slip of induction motors (at full load and at
working temperature)

PNclkW

PN>lkW

Speed of a.c. (commutator) motors with shunt
characteristics (at full load and at working
temperature)

9 Locked rotor current of cage induction motors
with any specified starting apparatus

10 Locked rotor torque of cage induction motors

11 Pull-up torque of cage induction motors

12 Breakdown torqua of induction motors

I

13 Locked rotor current of synchronous motors

14 Locked rotor torque of synchronous motors

15 Pull-out torqua of synchronous motors

16

17

18

Peak value of short-circuit current of an a.c.
generator under specified conditions

Steady short-circuit current of an a.c. generator
at specified excitation

Moment of inertia

Tolerance

k30 % of the slip

t20 % of the slip

- on tha highest speed:

-3 % of tha synchronous speed

- on the lowest speed:

+3 % of tha synchronous speed

+20 % of tha current

+25
_15 % of the torqua.

(+25 % maybe axceedad by agreement)

-15 % of the value

-10 % of the torque except that after allowhlg for
this tolerance the torque shall be not Iesa than 1,6
or 1,5 times tha rated torque, see 9.4.1

+ 20 % of the value

I% % of the value (+25 % may be exceaded by
agreement)

-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

*3O % of the value

*15 % of the value

MO % of the valua

NOTE When e tolerance is statad in only one direction, the value is not limited in the othar direction. I

1 Tolerances in itarn 4 deDend on the ratio of rated outtmt PM in kW, to rated apead in rein-l. I
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13 Electromagnetic compatibility (EMC)

13.1 General

The following requirements apply to rotating electrical machines with rated voltages not
exceeding 1 000 V a.c. or 1 500 V d.c. and which are intended for operation in industrial
environments.

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

Requirements which apply to the final drive system and its components, for example power
and control electronic equipment, coupled machines, monitoring devices, etc. whether
mounted inside or outside the machine, are outside the scope of this standard.

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

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

Transients (such as starting) are not covered by this clause.

13.2 Immunity

13.2.1 Machines not incorporating electronic circuits

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

13.2.2 Machines incorporating electronic circuits

As 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

13.3.1 Machines without brushes

Radiated and conducted emissions shall, comply with the requirements-of CISPR 11, Class B,
Group 1, see Table B.1.

13.3.2 Machines with brushes

Radiated and conducted (if applicable) emissions shall comply with the requirements of
CISPR 11, Class A, Group 1, see Table B.2.

13.4 Immunity tests

immunity tests are not required.
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13.5 Emission tests

Type tests shall be carried out in accordance with CISPR 11, CISPR 14 and CISPR16 as
applicable.

,13.5.1 Machines without brushes

Machinea without brushes shall comply with the emission limits of 13.3.1.

NOTE The emission from squirrel cage induction motors are always so low that testing is not needed.

13.5.2 Machines with. brushes

Machines with brushes, when tested at no-load, shall comply with the emission limits of
13.3.2.

NOTE 1

NOTE 2
supply.

NOTE 3

The no-load measurement is justified by the negligible influence of load on tha amission

There are no conducted emissions from d.c. machines as thay are not directly connected to the a.c

The omission from earthing brushes are always so low that tssting ia not needed.

14 Safety

Rotating machines in accordance with this standard 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 standard, 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 tha manufacturer or assembler of equipment incorporating electrical machines as
components to ensure that the overail equipment is safe.

This may involve consideration of ralevant product standards such as:

IEC 60079: Electrical apparatus for explosive gas atmospheres,

and other parts of IEC 60034 including:

IEC 6C034-5, IEC 60034-6, IEC 60034-7, IEC &034-S, IEC 60034-11 and IEC 60034-12.

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

Guidance for the application of duty type S1O and for
establishing the Value of relative thermal life expectancy TL

A.1 The load of the machine at any moment is equivalent to duty type S1 corresponding
to 4.2.1. However, the load cycle may comprise loads other than the rated load based on duty
type S1. A load cycle comprising four discrete constant load/speed combinations is shown in
Figure 10.

A.2 Depending on the value and duration of the different loads within one cycle, the relative
life expectancy of the machine based on the thermal ageing of the insulation system can be
calculated by the following equation:

where

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

A@i is the difference between the temperature rise of the winding at each of the various
loads within one cycle and the temperature rise based upon duty type S1 with
reference load;

Ati 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 system by 50 ‘A;

n is the number of discrete values of load.

A.3 The quantity TL.is an integral part of the unambiguous identification of the class of
rating.

A.4 The value of the quantity TL can be determined only when, in addition to information
concerning the load cycle according to Figure 10, the value k for the insulation system is
known, This value k has to be determined by experiments in conformity with IEC 60034-18 for
the whole temperature range within which the load cycle takes place according to Figure 10.

A.5 TL can be stated sensibly as a relative value only. This value can be used by
approximation to assess the real change in the machine thermal life expectancy as compared
to duty type S1 with rated output, because it may be assumed that in consideration of the
varying loads existing within a cycle the remaining influences over the lifetime of the machine
(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
various parameters for determining the value of TL.
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Annex B
(informative)

Electromagnetic compatibility (EMC) limits

Table B.1 - Elec~romagnetic emission limits for machines without brushes

Radiated emiaaion

Conducted emission
on a,s, supply terminals

Frequency range Limits

30 MHz to 230 MHz 30 dB(pV/m) quasi peak, measured at
10 m distance (Note 1)

230 MHz tO 1000 fvlHz

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

logarithm frequency

37 dB(LV/m) qua!$ipeak, measured at
10 m distsnce (Note 1)

66 dB(pV) to 56 dB(~V) quasi peak
56 dB(pV) to 46 dB(pV) average

0,50 MHz to 5 MHz 56 dB(pV) quasi peak
46 dB(pV) average

5 MHz to 30 MHz 60 dB(pV) quaai peak
50 dB(pV) average

I NOTE 1 May be rnessuredat 3m distsnce usingttre Iimits increased by 10dB.

I NOTE 2 Emission limits are from CISPR 11, Class B, Group 1.

Table B.2 - Electromagnetic emission limits for machines with brushes

Frequency range Limits

Radiated emission 30 MHz to 230 MHz 30 dB(pV/m) quasi peak,
meaaured 30 m distance (Note 1)

I 230 MHz to 1000 MHz I 37 dB(pV/m) quasi peak,
measured 30 m distanca (Note 1)

Conducted amiaaion

I

0,15 MHz to 0,50 MHz I 79 dB(pV) quasi peak
on S.C. supply terminals 66 dB(pV) average

I 0,50 MHz to 30 MHz , 73 dB(pV) quasi peak
60 dB(pV) average

NOTE 1 May be measured at 10 m distance using the limits increased by 10 dB or measured st 3 m distant
using the limits increased by 20 dB.

NOTE 2 Emission limits are from CISPR 11, Class A, Group 1.
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(Continued from second cover)

The technical committee responsible for the preparation of this standard has reviewed the provisions
of the following International Standards referred in this adopted standard and has decided that they
are acceptable for use in conjunction with this standard:

International Standard

IEC 60027-1:1992

IEC 60027-4:2006

IEC 60034-2:1972

IEC 60034-3:2005

IEC 60034-6:1991

IEC 60034-12:2002

IEC 60034-17:2006

IEC 60034-18 (all parts)

IEC 60204-1:2005

IEC 60204-11:2000

IEC 60445:2006

IEC 60971:1989

IEC 61293:1994

IEC 61986:2002

IEC 62114:2001

CISPR 11:2004

CISPR 14 (2000-03)

CISPR 16:2007 (all
parts)

Title

Letter symbols to be used in electrical technology — Part 1: General

Letter symbols to be used in electrical technology — Part 4: Symbols for
quantities to be used for rotating electrical machines

Rotating electrical machines — Part 2: Methods for determining losses
and efficiency of rotating electrical machinery from tests. (excluding
machines for traction vehicles)

Rotating electrical machines — Part 3: Specific requirements for turbine-
type synchronous machines

Rotating electrical machines — Part 6: Methods of cooling (IC code)

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

Rotating electrical machines — Part 17; Cage induction motors when fed
from converters — Application guide

Rotating electrical machines — Functional evaluation of insulating
systems

Safety of machinery — Electrical equipment of machines — Part 1:
General requirements

Safety of machinery — Electrical equipment of machines — Part 11:
Requirements for HV equipment for voltages above 1000 V a.c. or
1500 V d.c. and not exceeding 36 kV

Basic and safety principles for man-machine interface, marldng and
identification — Identification of equipment terminals” and of terminations
of certain designated conductors, including general rules for an
alphanumeric system

Semiconductor convertors, identification code for convertor connections

Marking of electrical equipment with ratings related to electrical supply —
Safety requirements

Rotating electrical machines — Equivalent loading and super-position
techniques — indirect testing to determine temperature-rise

Electrical insulation systems — Thermal classification

Industrial scientific and medical (ISM) radio-frequency equipment —
Electromagnetic disturbance characteristics — Limits and methods of
measurement

Electromagnetic compatibility — Requirements for household appliances,
electric tools and similar apparatus

Specification for radio disturbance and immunity measuring apparatus
and methods

Only the English text of the International Standard has been retained while adopting it as an Indian
Standard, and as such the page” numbers given here are not the same as in the IEC Publication.

For the purpose of deciding whether a particular requirement of this standard is complied with, the
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in
accordance with IS 2 : 1960 ‘Rules for rounding off numerical values (revise@’. The number of
significant places retained in the rounded off value should be the same as that of the specified value
in this standard.
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