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ROTATING ELECTRICAL MACHINES -

Part 11: Thermal protection

FOREWQRD

ights. IEC shall not\be held responsible for identifying any or all such patent rights.

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

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

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

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

order to promote international uniformity, IEC NationalhyCommittees undertake to apply IEC Publicg
hnsparently to the maximum extent possible in their natienal and regional publications. Any divergence bet]
hy IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

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

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

p liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees ahd IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

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

tention is drawn to-the-possibility that some of the elements of this IEC Publication may be the subject of p
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International Standard IEC 60034-11 has been prepared by IEC technical committee 2: Rotating
machinery.

T

his third edition cancels and replaces the second edition, published in 2004. This edition

constitutes a technical revision.

T

T

F

repdrt on voting indicated in the above table:

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

he main changes with respect to the previous edition are

the additional specification of winding temperature limits for temperature class 200 (N),

the increased limits of maximum winding temperatures for overloads with rapid variation,

the clarification that the motor winding may be permanently damaged after it has\been
¢xposed to temperatures according to Table 2,

4 clarification of scope,

4 clarification of the definition of indirect thermal protection,

3 clarifying note in Clause 6,

he conversion of note 3 in Clause 6 into normal text including changes in wording,

1
the incorporation of note 3 in Clause 5 into Clause 2,

Q.

clarification on the test methods for larger motors in 8.3.

he [text of this International Standard is based on the following documents:
FDIS Reptrton voting
2/2011/FDIS 2/2019/RVD

ull information on the voting for the approval of\this International Standard can be found in the

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

machines, can be found on the(lEC website.

The|committee has decided that the contents of this document will remain unchanged unti| the
stabjility date indicatedion the IEC website under "http://webstore.iec.ch” in the data relatgd to

the $pecific document/At this date, the document will be

neconfirmed,
withdrawn,

nepldced by a revised edition, or

damended

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

Thermal protection systems are based on the principle of protecting or monitoring the vulnerable
machine parts against excessive temperatures. This requires the selection of the appropriate
thermal protection device to suit both the type of protection required and the machine
component to be protected. This document does not detail the protection methods available or
specify the protection method to be used for particular applications, but instead it specifies the
temperature of the protected parts that should not be exceeded if a fault or machine abuse
occurs.

The s of
use,| but rather to avoid both failure and accelerated premature thermal ageing of the winding
insujation. The requirements result from a compromise, since the level of protectionvshpuld
neither be set so low that it causes nuisance tripping nor so high that it allows~continfous
worKing at temperatures that will seriously affect the life of the winding insulation.

Normal insulation life can only be ensured by correct motor application’and maintenance.
Frequent operation at above the normal temperature limits, see IEC 60034-1, which cannagt be
prevMented by built-in thermal protection without risking nuisance_ ftripping may lead o a
noti¢eable reduction in machine life.—t-sheould-benoted-that The life-of the winding insulgtion
is approximately halved for every 8 Kto 10 K increase in the continious operating temperature.

The|requirement to incorporate thermal protection in a machine is a matter for agreement.|The
application of this document-should-be is a matter of agheement between the user and the
machine manufacturer.
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ROTATING ELECTRICAL MACHINES -

Part 11: Thermal protection

Scope

nart o 60034 specifie equiremen elating to the e of thermal protecto and
mal detectors incorporated into the stator windings or placed in other suitable positions in
ction machines in order to protect them against serious damage due to thermal overloads.

not
ROt

Not

o
o

NOT
are n

NOTE

or fof

2

The
cong
For

ame

IEC

o

motols in

ave a rated voltage up to 1 000 V;

re intended for direct-on-line or star-delta starting.
ncluded are:

irect protection of the rotor winding; the methods of pfotection only protect rotor windings
ndirectly; for large motors (particularly 2 pole motaors)and for motors starting large ingrtia
bads, special attention is given to rotor heating both when starting and especially affer a
trip" has occurred;

he protection of bearings and other mechani¢al parts;

he protection methods to be used for parficular applications.

F 1 Although temperature values given in thissdocument are higher than those specified in IEC 60034-1] they
bt in conflict.

F 2 Additional requirements may apply)to particular motor types, such as those used in household appliaphces,
motors used in explosive atmospheres.

Normative references

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

60034~1:20042017, Rotating electrical machines — Part 1: Rating and performance

IEC

60034-12:20022016, Rotating electrical machines — Part 12: Starting performance of

single-speed three-phase cage induction motors

3 Terms and definitions

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

ISO

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

addresses:

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

SO Online browsing platform: available at http://www.iso.org/obp
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3.1

thermal protection

protection of windings of a machine against excessive temperature resulting from conditions of
overload or loss of cooling

3.2

thermal protection system

system for the protection of a machine winding against excessive temperature resulting from
conditions of overload or loss of cooling by means of either thermal protector(s) or thermal
detector(s)

3.3
thermal detector
electrically insulated device that is only sensitive to temperature, capable of-initiating a
switching function in a protection system when its temperature reaches a predetérmined Igvel

3.4
thermal protector
electrically insulated device that is sensitive to the temperature of theywmnachine winding which
carrles machine current, capable of directly switching off the machine when its tempergture
reaghes a predetermined level

Note |1 to entry: Some thermal protectors are sensitive to both temperature/and current, the combination of which
activaites the direct switching off of the machine.

3.5
thermal overload with slow variation
overlload condition or loss of cooling that produces:a rise of temperature that is sufficiently slow
that|the temperature of the thermal protector or<detector follows it without appreciable delay

3.6
thermal overload with rapid variation
overload condition or loss of cooling that produces a rise of temperature that is too rapid fof the
temperature of the thermal protectanor detector to follow without appreciable delay resulting in
a significant temperature difference between the thermal device and the part to be protected

3.7
maxiimum temperature‘after tripping
maxjmum value of thetemperature that is reached by the protected part of the machine dyring
the period which follows tripping by the thermal protection system

3.8
direct thermal protection
form of protection where the part of the machine in which the thermal detector(s) or thefmal
protector(s) are incorporated is the part for which protection is being provided

3.9

indirect thermal protection

form of protection where the part of the machine in which the thermal detector(s) or thermal
protector(s) are incorporated (e.g. the stator winding) is not the part for which protection is
being provided (e.g. the rotor winding)

4 Thermal protection limits

Machines shall be capable of operating at rated output and at all operating conditions according
to IEC 60034-1 without activation of the thermal protection device. The thermal protection
device shall limit the winding temperature in accordance with Clause 5 or Clause 6.


https://iecnorm.com/api/?name=9ab2f5827257d8494b5172b3720e35a0

-8 - IEC 60034-11:2020 RLV © IEC 2020

5 Protection against thermal overloads with slow variation

When subjected to an overload or other misuse condition causing overheating with slow
variation, the protection system shall operate to prevent the temperature of the machine winding
from exceeding the values in Table 1.

Examples of the rise in temperature as a function of time are shown in Figure 1 and Figure 2.

Table 1 — Maximum winding temperatures for overloads with slow variation

Thermal class T30(B) T55(F) T8O(H) 200(

Maximum insulated winding temperature °C 145 170 195 215

The
reqy

NOTE

if-the]

NOT

with

winding temperature shall be determined by the resistance method in accordance with
irements of 8.6.2 of IEC 60034-1:2017.

F 2 The maximum temperature limits are based on experience. Some of<the-ways in which a thermal ov¢g
low variation may be caused are:

efects in ventilation or the ventilation system due to excessive dust invthe ventilation ducts, or dirt on win
r frame cooling ribs, etc.

n excessive rise in ambient temperature or the temperature-of‘the cooling medium.
bradual increasing mechanical overload.
rolonged voltage drop, over-voltage or unbalance in.the'machine supply.

xcessive duty on a motor rated for intermittent duty:

requency deviations.

the

otor;

rload

dings
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Y A
1 \
3 ==
"""" 2
4 X
IEC
Key
1 i the winding temperature in the vicinity of the thermal protector or detector
2 iglthe temperature of the thermal protector or detector
3 iglthe temperature when operating at normal duty
4 iglthe time at the beginning of the thermal overload
X akis is time
Y akis is temperature
Figure 1 — Example of thermal.overload with slow variation
and direct thermal protection
YA
3 X
- > IEC
Key

1 is the winding temperature in the vicinity of the thermal detector or protector
is the temperature of the thermal detector or protector

is the interval with normal cycling frequency

2
3
4 is the time at the beginning of the thermal overload
X axis is time

Y

axis is temperature

Figure 2 — Example of thermal overload with slow variation in the case of too intensive
intermittent periodic duty with starting (duty S4) and direct thermal protection
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6 Protection against thermal overloads with rapid variation

When a thermal overload with rapid variation is applied to the machine, the thermal protection
system shall operate to prevent the temperature of the machine winding from exceeding the
values given in Table 2.

A current overload relay does not normally provide protection against repeated rapid overload
variations and the use of a thermal protection device should be considered

Examples of the rise in temperature as a function of time are shown in Figure 3 and Figure 4.

Table 2 — Maximum winding temperatures for overloads with rapid variation

Thermal class 130(B) 155(F) 180(H) 200(N))

Maximum insulated winding temperature °C 225 240 250 260 275 295

The|winding temperature shall be determined by direct measurements’such as thermocouples

in ag

cordance with the requirements of 8.5.3 of IEC 60034-1:2017.

It is|understood that the motor winding may be permanently damaged and may not be able to

opelate after it has been exposed to temperatures according\é Table 2.

L J

L] J

E 1
talling the motor.

hase failure.

Some of the ways in which a thermal overload with rapjd-variation may be caused are:

tarting under abnormal conditions, for example, ingrtia too great, voltage too low, load torque abnormally|high;

udden and significant increase in load.

tarting repeatedly during a short time.

NOTE 2 The maximum temperature limits~are based on experience, taking into account factors such as anibient

tempegrature, variations in supply voltage and normal requirements for starting motors.

NOTE3 The temperatures ,in\Table 2-—should shall not be confused with the operating
temperatures of the winding’s thermal protector or thermal detector-eperatingtemperatpres

whig

h

have to be significantly below these values. The thermal protector shall be installed|at a

place where the highgstrtemperatures are expected according to the application and the nfotor

cool

ng system.



https://iecnorm.com/api/?name=9ab2f5827257d8494b5172b3720e35a0

IEC 60034-11:2020 RLV © IEC 2020 -1 -

Key

5N

is

S

S

S

is

S

< X N o o bh w0 N
® _

[V

Y A
1
T
2
N ,
Ve
//
I P “
L=
6
4 5 T(

IEC

the maximum winding temperature after tripping

the winding temperature in the vicinity of the thermal protector or detector

the temperature when operating at normal duty:

the time at the beginning of the thermal overload

is| the time at which tripping occurs

the temperature of the thermal protector or detector

the operating temperature of thé.thermal detector or protector

is is time

is is temperature

Figare 3 — Example of thermal overload with rapid variation
where the thermally critical part has direct thermal protection
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N
o
>V

Key
1 isthe maximum temperature after tripping
2 is|temperature of the part which is the thermally critical part for a thermal overload with rapid variation
3 is|the temperature when operating at normal duty
4 iglthe beginning of thermal overload with ragid variation
5 igthe tripping time
6 is| the temperature of the thermal.detector or protector incorporated in the thermally critical part for th
oyerload with slow variation
7 is|the temperature of the part'which is not the thermally critical part of the thermal overload with rapid vari
bt which is the thermally critical part for a thermal overload with slow variation
akis is time
Y akis is temperature
Figure 4 — Example of thermal overload with rapid variation
where the thermally critical part has indirect thermal protection
7 Restart after tripping

trmal

htion,

Before restarting a machine that has tripped, an investigation shall be made to try to identify
the cause of the operation of the machine protection. When attempting to restart the machine,
account shall be taken of the conditions stated in 6.3 or 89.3 of IEC 60034-12:2016.

The methods of protection included in this document only protect rotor windings indirectly. For
large motors (particularly 2 pole motors) and for motors starting large inertia loads, special
attention needs to be given to rotor heating both when starting and especially after a "trip" has
occurred.

NOTE The provision of the facility to enable machines to be automatically restarted after tripping is a matter for
special agreement taking full account of all safety implications.
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8 Type tests

8.1

General

Type tests are to verify the compliance of a thermal protection system with the requirements of

this

document.

Tests shall be made on a machine which is representative of the machine type. The proposed
thermal protection system shall be installed.

Ten
of th

8.2

Star
the
shal

Whe
not
dete
IEC

The

8.3

Veri
posi
prot

Star
appl

At th
For
rest

Prot
unle

The

S5s the chahge in peak temperature between two cycles is below 5 K.

highest temperature attained shall not exceed the values in Table 2.

perature sensors used for testing strattbetocated-impositions Tepresentative of thetocation
e thermal detectors used by the thermal protection system.
Verification of temperature due to the thermal overloads with slow variation
ting with the machine at operating temperature, the load shall be slowly increased so|that
emperature of the winding increases at a rate of less than 1 K per 5 ‘mih. Temperatures
be recorded at a minimum of 10 min intervals.
n the thermal protection system trips, the supply to the machiné shall be switched off if it is
directly interrupted by the thermal protection device. The-wiAnding temperature shall be
rmined immediately after tripping in accordance with’,'the requirements of 8.6.2 of
60034-1:2017.
winding temperatures specified in Table 1 shall pot‘be exceeded.
Verification of temperature due to thermal overloads with rapid variation
ication of the temperature is required QRl§ in cases where a motor is protected by bujlt-in
five temperature coefficient thermistors' (PTC) or via a thermostat and where it is| not
bcted by a thermal protection devicg:
ling with the machine at ambient temperature, with the rotor locked to prevent rotation,
y rated voltage to the windjngs.
e end of the energised period, the maximum temperature of the winding shall be recorfded.
manual re-set systems, the protector shall be re-closed as quickly as possible and power
bred.
ection systéms with automatic resetting shall be operated for a minimum of 10 cy¢les,

9

Routine tests

Devices used for thermal detection shall be tested for circuit continuity to assure that no damage

has

occurred during installation.
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7)

8)

9)

Intefnational Standard IEC 60034-11 has been prepared by IEC technical committee 2: Rot3
machinery.

INTERNATIONAL ELECTROTECHNICAL COMMISSION
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Part 11: Thermal protection

FOREWQRD

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

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

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical comfittee has representation fro
terested IEC National Committees.
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C Publications have the form of recommendations for internationaldse and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible for the)'way in which they are used or fo
isinterpretation by any end user.

30O

order to promote international uniformity, IEC NationalhyCommittees undertake to apply IEC Publicg
hnsparently to the maximum extent possible in their natienal and regional publications. Any divergence bet]
hy IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

o = =

m

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

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

p liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees ahd IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to the Nérmative references cited in this publication. Use of the referenced publicatig
dispensable for the correct application of this publication.
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tention is drawn to-the-possibility that some of the elements of this IEC Publication may be the subject of p
ights. IEC shall not\be held responsible for identifying any or all such patent rights.
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This| third edition cancels and replaces the second edition, published in 2004. This ed

FRFAY 4 It Il HP
constitatesa tecnmMecar revistion:

ition

The main changes with respect to the previous edition are

the additional specification of winding temperature limits for temperature class 200 (N)

the increased limits of maximum winding temperatures for overloads with rapid variatio

n,

the clarification that the motor winding may be permanently damaged after it has been

exposed to temperatures according to Table 2,

a clarification of scope,

a clarification of the definition of indirect thermal protection,

a clarifying note in Clause 6,

the conversion of note 3 in Clause 6 into normal text including changes in wording,
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— the incorporation of note 3 in Clause 5 into Clause 2,
— a clarification on the test methods for larger motors in 8.3.

The text of this International Standard is based on the following documents:

FDIS Report on voting
2/2011/FDIS 2/2019/RVD

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

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

A list of all parts in the IEC 60034 series, published under the general title Raotating electrical
machines, can be found on the IEC website.

The|committee has decided that the contents of this document will remaiff unchanged unti| the
stabjlity date indicated on the IEC website under "http://webstore.ie¢:ch” in the data relatgd to
the $pecific document. At this date, the document will be
e rneconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

Thermal protection systems are based on the principle of protecting or monitoring the vulnerable
machine parts against excessive temperatures. This requires the selection of the appropriate
thermal protection device to suit both the type of protection required and the machine
component to be protected. This document does not detail the protection methods available or
specify the protection method to be used for particular applications, but instead it specifies the
temperature of the protected parts that should not be exceeded if a fault or machine abuse

s of

occurs.
The

use,| but rather to avoid both failure and accelerated premature thermal ageing of the winding
insujation. The requirements result from a compromise, since the level of protectionvshpuld

neither be set so low that it causes nuisance tripping nor so high that it allows~contin

worl

Normal insulation life can only be ensured by correct motor application’and maintena
uent operation at above the normal temperature limits, see IEC 60034-1, which cannqgt be
ented by built-in thermal protection without risking nuisance ‘tripping may lead
eable reduction in machine life. The life of the winding insulatiop’is approximately hajlved

Fred
prev
notiq

ing at temperatures that will seriously affect the life of the winding insulation.

for gvery 8 K to 10 K increase in the continuous operating temperature.

The

requirement to incorporate thermal protection in a machine€ is a matter for agreement.

ous

nce.

O a

The

application of this document is a matter of agreement between the user and the machine

man

ufacturer.



https://iecnorm.com/api/?name=9ab2f5827257d8494b5172b3720e35a0

1

-6 - IEC 60034-11:2020 © |IEC 2020

ROTATING ELECTRICAL MACHINES -

Part 11: Thermal protection

Scope

ther
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It ap
IEC

e |
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NOTE
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NOT
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The
consg
For

ame

IEC

IEC

trip" has occurred;
he protection of bearings and other mechanical parts;

he protection methods to be used for particular applications.

1 Although temperature values given in this document are higher than those specified in IEC 60034-1
pt in conflict.

F 2 Additional requirements may apply to particular motor types, such as those used in household applia
motors used in explosive atmospheres.

Normative references

following documents are-referred to in the text in such a way that some or all of their cor
titutes requirementsiof this document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including
ndments) applies.

60034-1:2017, Rotating electrical machines — Part 1: Rating and performance

60034-12:2016, Rotating electrical machines — Part 12: Starting performance of sir

speg

mal detectors incorporated into the stator windings or placed in other suitable positions in
ction machines in order to protect them against serious damage due to thermal overlopds.
plies to single-speed three-phase 50 Hz or 60 Hz cage induction motors in accordance|with
60034-1 and IEC 60034-12 that:

ave a rated voltage up to 1 000 V;

re intended for direct-on-line or star-delta starting.

ncluded are:

irect protection of the rotor winding; the methods of protegtion only protect rotor windings
ndirectly; for large motors (particularly 2 pole motors) and for motors starting large ingrtia

bads, special attention is given to rotor heating both when starting and especially affer a

they

nces,

tent
lies.
any

gle-

o three-phase cage induction motors

3 Terms and definitions

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

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.1

thermal protection

protection of windings of a machine against excessive temperature resulting from conditions of
overload or loss of cooling

3.2

thermal protection system

system for the protection of a machine winding against excessive temperature resulting from
conditions of overload or loss of cooling by means of either thermal protector(s) or thermal
detector(s)

3.3
thermal detector
electrically insulated device that is only sensitive to temperature, capable of-initiating a
switching function in a protection system when its temperature reaches a predetérmined Igvel

3.4
thermal protector
electrically insulated device that is sensitive to the temperature of theywnachine winding which
carrles machine current, capable of directly switching off the machine when its tempergture
reaghes a predetermined level

Note |1 to entry: Some thermal protectors are sensitive to both temperature/and current, the combination of Wwhich
activaites the direct switching off of the machine.

3.5
thermal overload with slow variation
overlload condition or loss of cooling that produces:a rise of temperature that is sufficiently slow
that|the temperature of the thermal protector or<detector follows it without appreciable delay

3.6
thermal overload with rapid variation
overload condition or loss of cooling that produces a rise of temperature that is too rapid fof the
temperature of the thermal protectanor detector to follow without appreciable delay resulting in
a significant temperature difference between the thermal device and the part to be protected

3.7
maximum temperature‘after tripping
maxjmum value of thetemperature that is reached by the protected part of the machine dyring
the period which follows tripping by the thermal protection system

3.8
direct thermal protection
form of protection where the part of the machine in which the thermal detector(s) or thefmal
protector(s) are incorporated is the part for which protection is being provided

3.9

indirect thermal protection

form of protection where the part of the machine in which the thermal detector(s) or thermal
protector(s) are incorporated (e.g. the stator winding) is not the part for which protection is
being provided (e.g. the rotor winding)

4 Thermal protection limits

Machines shall be capable of operating at rated output and at all operating conditions according
to IEC 60034-1 without activation of the thermal protection device. The thermal protection
device shall limit the winding temperature in accordance with Clause 5 or Clause 6.
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When subjected to an overload or other misuse condition causing overheating with slow
variation, the protection system shall operate to prevent the temperature of the machine winding
from exceeding the values in Table 1.

Examples of the rise in temperature as a function of time are shown in Figure 1 and Figure 2.

Table 1 — Maximum winding temperatures for overloads with slow variation

Thermal class

T30(B)

155(F)

180(H)

200(

Maximum insulated winding temperature °C 145

170

195

215

The|winding temperature shall be determined by the resistance method in accordance with the
requirements of 8.6.2 of IEC 60034-1:2017.

NOTE 1 The limit values in Table 1 exceed the thermal classification and thus will reduce the lifetime of the npotor.

NOTE 2 The maximum temperature limits are based on experience. Some of the.ways in which a thermal overload

with $low variation may be caused are

o [Defects in ventilation or the ventilation system due to excessive dust inthe ventilation ducts, or dirt on win

dqr frame cooling ribs, etc.

bradual increasing mechanical ov

requency deviations.

Y |

erload.

xcessive duty on a motor rated for intermittent duty.

n excessive rise in ambient temperature or the temperature ofsthe-Cooling medium.

/
q

e Hrolonged voltage drop, over-voltage or unbalance in the.machine supply.
B
A

dings

Key

5N

is the temperature when operating

axis is time

< X &~ w N

axis is temperature

is the temperature of the thermal protector or detector

at normal duty

is the time at the beginning of the thermal overload

IEC

is the winding temperature in the vicinity of the thermal protector or detector

Figure 1 — Example of thermal overload with slow variation

and direct thermal protection
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w
N

- > IEC
Key
1 igthe winding temperature in the vicinity of the thermal detector or protector
2 iglthe temperature of the thermal detector or protector
3 ig the interval with normal cycling frequency
4 iglthe time at the beginning of the thermal overload
X akis is time
Y akis is temperature

Figure 2 — Example of thermal overload<with slow variation in the case of too intensive
intermittent periodic duty with starting (duty S4) and direct thermal protection

6 Protection against thermal.overloads with rapid variation

Whgn a thermal overload withvrapid variation is applied to the machine, the thermal protegtion
system shall operate to prevent the temperature of the machine winding from exceeding the
valuges given in Table 2.

A cyrrent overload relay does not normally provide protection against repeated rapid overjoad
variations and.the'use of a thermal protection device should be considered

Examples“of-the rise in temperature as a function of time are shown in Figure 3 and Figure 4.

Yible 2 — Maxi indi ‘ loads. witt id variati

Thermal class 130(B) 155(F) 180(H) 200(N)

Maximum insulated winding temperature °C 225 250 275 295

The winding temperature shall be determined by direct measurements such as thermocouples
in accordance with the requirements of 8.5.3 of IEC 60034-1:2017.

It is understood that the motor winding may be permanently damaged and may not be able to
operate after it has been exposed to temperatures according to Table 2.
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NOTE 1 Some of the ways in which a thermal overload with rapid variation may be caused are:

e Stalling the motor.

e Phase failure.

e Starting under abnormal conditions, for example, inertia too great, voltage too low, load torque abnormally high;
e Sudden and significant increase in load.

e Starting repeatedly during a short time.

NOTE 2 The maximum temperature limits are based on experience, taking into account factors such as ambient
temperature, variations in supply voltage and normal requirements for starting motors.

the
ing’s thermal protector or thermal detector which have to be significantly below \these
are
expected according to the application and the motor cooling system.
Y A
2\
,&
7/
7/
/
7 l ,
o xaa “~
6
4 5 X
IEC
Key
1 is the maximmum winding temperature after tripping
is| the winding temperature in the vicinity of the thermal protector or detector
isLthe temperature when operating at normal duty

is the time at the beginning of the thermal overload

is the time at which tripping occurs

is the temperature of the thermal protector or detector

is the operating temperature of the thermal detector or protector

axis is time

< X N O o b W N

axis is temperature

Figure 3 — Example of thermal overload with rapid variation
where the thermally critical part has direct thermal protection
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Y A

N
o
>V

Key
1 isthe maximum temperature after tripping
2 is|temperature of the part which is the thermally critical part for a thermal overload with rapid variation
3 is|the temperature when operating at normal duty
4 iglthe beginning of thermal overload with ragid variation
5 igthe tripping time
6 is| the temperature of the thermal.detector or protector incorporated in the thermally critical part for th
oyerload with slow variation
7 is|the temperature of the part'which is not the thermally critical part of the thermal overload with rapid vari
bt which is the thermally critical part for a thermal overload with slow variation
akis is time
Y akis is temperature
Figure 4 — Example of thermal overload with rapid variation
where the thermally critical part has indirect thermal protection
7 Restart after tripping

trmal

htion,

Before restarting a machine that has tripped, an investigation shall be made to try to identify
the cause of the operation of the machine protection. When attempting to restart the machine,
account shall be taken of the conditions stated in 6.3 or 9.3 of IEC 60034-12:2016.

The methods of protection included in this document only protect rotor windings indirectly. For
large motors (particularly 2 pole motors) and for motors starting large inertia loads, special
attention needs to be given to rotor heating both when starting and especially after a "trip" has
occurred.

NOTE The provision of the facility to enable machines to be automatically restarted after tripping is a matter for
special agreement taking full account of all safety implications.
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8 Type tests

8.1

General

Type tests are to verify the compliance of a thermal protection system with the requirements of

this

document.

Tests shall be made on a machine which is representative of the machine type. The proposed
thermal protection system shall be installed.

Ten
of th

8.2

Star
the
shal

Whe
not
dete
IEC

The

8.3

Veri
posi
prot

Star
appl

perature sensors used for testimg stattbetocated-impositions Tepresentative of thetocy
e thermal detectors used by the thermal protection system.

Verification of temperature due to the thermal overloads with slow variation
ting with the machine at operating temperature, the load shall be slowly jincreased so

emperature of the winding increases at a rate of less than 1 K per 5 ‘mih. Temperat
be recorded at a minimum of 10 min intervals.

n the thermal protection system trips, the supply to the machiné shall be switched off if
directly interrupted by the thermal protection device. The-wiAnding temperature sha
rmined immediately after tripping in accordance with’,'the requirements of 8.6.
60034-1:2017.

winding temperatures specified in Table 1 shall not‘be exceeded.

Verification of temperature due to thermal overloads with rapid variation

live temperature coefficient thermistors' (PTC) or via a thermostat and where it is
bcted by a thermal protection device:

ting with the machine at ambient temperature, with the rotor locked to prevent rota

temperature of the winding shalbe recorded. For manual re-set systems, the protector sh

re-c

Prot
unle

The

9

osed as quickly as possible and power restored.

s5s the change inJpeak temperature between two cycles is below 5 K.

highest temperature attained shall not exceed the values in Table 2.

Routine tests

y rated voltage to the windings. At the end of the energised period, the max!|num

pction systems_with automatic resetting shall be operated for a minimum of 10 cy¢

tion

that
ures

it is
| be
P of

ication of the temperature is required Qnly in cases where a motor is protected by bujlt-in

not

tion,

Il be

”

es,

Devices used for thermal detection shall be tested for circuit continuity to assure that no damage

has

occurred during installation.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MACHINES ELECTRIQUES TOURNANTES -
Partie 11: Protection thermique

AVANT-PROPOS

Lé Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
e |'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’'IEC a peunrobjet de
dvoriser la coopération internationale pour toutes les questions de normalisation dans les_démaings de
¢lectricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normes, internatior|ales,
bs Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) dt des
uides (ci-aprés dénommés « Publication(s) de I'l[EC »). Leur élaboration est confiée a des €omités d'étudeq, aux
travaux desquels tout Comité national intéressé par le sujet traité peut participer.."Les organisgtions
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, pacticipent égalemenft aux
trevaux. L'IEC collabore étroitement avec |'Organisation Internationale de Normalisation (ISO), selon des

o

[oX=3

conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions technique$ représentent, dans la mesufre du
ppssible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intérgssés
spnt représentés dans chaque comité d’études.

Les Publications de 'lEC se présentent sous la forme de recommandations internationales et sont agféées
cpmme telles par les Comités nationaux de I'lEC. Tous les effortsiraisonnables sont entrepris afin que|l'lEC
s'assure de I'exactitude du contenu technique de ses publications; P1{EC ne peut pas étre tenue responsable de

¢ventuelle mauvaise utilisation ou interprétation qui en est faite{par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale, les Comités nationaux de I'l[EC s'engagent, dans toute la
esure possible, a appliquer de fagon transparente les Rublications de I'l[EC dans leurs publications natiophales

régionales. Toutes divergences entre toutes Publications de I'l[EC et toutes publications nationalds ou
dgionales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

C a®30

IEC elle-méme ne fournit aucune attestation de ‘conformité. Des organismes de certification indépeng@lants
fdurnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqugs de
nformité de I'lEC. L’IEC n'est responsable;d‘aucun des services effectués par les organismes de certifidation
indépendants.

(2]

—

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

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

- 0Q3T< >

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

=

attention est@ttirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire I|objet
b droits de_brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de
evets-e€t"de ne pas avoir signalé leur existence.

o Q-

La Norme internationale IEC 60034-11 a été établie par le comité d'études 2 de I'lEC: Machlines
tournantes.

Cette troisiéme édition annule et remplace la deuxiéme édition, parue en 2004. Cette édition
constitue une révision technique.

Par rapport a I’édition précédente, les modifications majeures sont les suivantes

spécification supplémentaire relative aux limites de température de I'’enroulement pour la
classe thermique 200 (N),

augmentation des limites des températures maximales d’enroulement pour surcharges a
évolution rapide,

précision concernant l'enroulement du moteur qui peut étre endommagé de fagon
permanente aprés une exposition aux températures mentionnées dans le Tableau 2,
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— précision du domaine d’application,
— précision de la définition de protection thermique indirecte,
— note explicative a I'Article 6,

— conversion de la Note 3 de I'Article 6 en un texte normal, y compris les modifications de
caractéres,

— insertion de la Note 3 de I'Article 5 dans I'Article 2,
— précision, au 8.3, concernant les méthodes d’essai pour les moteurs plus importants.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
2/2011/FDIS 2/2019/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote alyant
abouiti a I'approbation de cette Norme internationale.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

Unelliste de toutes les parties de la série IEC 60034, publiées’sous le titre général MacHines
électriques tournantes, peut étre consultée sur le site web ded'JEC.

Le cpmité a décidé que le contenu de ce document ne s€ra pas modifié avant la date de stabilité
indiquée sur le site web de I'lEC sous «http://webstdre.iec.ch» dans les données relativep au
docyment recherché. A cette date, le document serd

e rneconduit,

e gupprimé,

e rnemplacé par une édition révisée, ou
e 3gmendé.



https://iecnorm.com/api/?name=9ab2f5827257d8494b5172b3720e35a0

IEC 60034-11:2020 © |IEC 2020 -17 -

INTRODUCTION

Les systémes de protection thermique sont fondés sur le principe de la protection ou de la
surveillance des organes de machine vulnérables contre des températures excessives. Cela
exige la sélection d’un dispositif de protection thermique adapté a la fois au type de protection
exigé et a I’élément de la machine a protéger. La présente norme ne spécifie pas les méthodes
de protection disponibles ni la méthode de protection a utiliser pour des applications
particulieres. Elle spécifie en revanche, pour les organes de machine protégés, la température
qu’il convient de ne pas dépasser en cas de défaut ou de dépassement des caractéristiques.

Les nes,
quelles que soient leurs conditions d’utilisation, mais plutdt d’éviter a la fois des défaillancgs et
un Vjieillissement thermique prématuré accéléré de l'isolation de I’enroulement. Lesexigences
résultent d’'un compromis dans la mesure ou il convient que le niveau de protection ne|soit
placg ni trop bas pour ne pas provoquer de déclenchement intempestif, ni trop haut, afin de ne
pas |[permettre un fonctionnement permanent a des températures préjudiciables“a la durég de
vie de I'isolation de I’enroulement.

Une|durée de vie normale de l'isolation ne peut étre garantie que par.Ung utilisation correcje et
une| bonne maintenance du moteur. Le fonctionnement fréquent-au-dela des limiteg de
température normale (voir I'lEC 60034-1) qui ne peut étre évité par une protection thermjque
incorporée sans risquer de déclenchement intempestif, peut entrainer une réduction notable de
la dqurée de vie de la machine. La durée de vie de\lisolation de I'enroulement| est
appfoximativement réduite de moitié a chaque augmentation de 8 K a 10 K de la tempérgture
de fonctionnement continu.

L’exjgence relative a l'incorporation d’'une protection thermique dans une machine fait I'gbjet
d’un| accord. L’application de la présente norme fait I'objet d’'un accord entre I'utilisateur gt le
fabrjcant de la machine.
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1 Domaine d’application
La pré !
et g¢étecteurs thermiques incorporés dans les enroulements statoriques, ou _al

'EG 60034-12 qui:

e ont une tension assignée jusqu’a 1 000 V;

NOTE 1 Bien que les valeurs de température données dans le présent document soient supérieures a
spécifiées dans I'lEC 60034-1, elles ne sont pas.conflictuelles.

NOTE 2 Certains types de moteurs, cofmMme les moteurs pour application domestique ou pour atmosp
expldgsives peuvent faire I'objet d’exigences complémentaires.

2

Les
de
I’'éd

réféfence s'applique (y compris les éventuels amendements).

IEC 60084~1:2017, Machines électriques tournantes — Partie 1. Caractéristiques assignéed
caracteristiques de fonctionnement

e a une seule vitesse fonctionnant a 50 Hz ou 60 Hz conformément a I'l|EC\60034-1

gont prévus pour un démarrage direct ou étoile-triangle.
ne concerne pas:

I

qu’indirectement les enroulements rotoriques; pour lés 'gros moteurs (en particulier
moteurs a deux pbles) et pour les moteurs ayant des charges de grande inertie.
:
q

éclenchement;
Ip protection des paliers et autres organes mécaniques;

Ies méthodes de protection a utiliser pour(des applications spécifiques.

Références normative’s

documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou p
leur contenu, des exigences du présent document. Pour les références datées, s
ifion citée s’applique. Pour les références non datées, la derniére édition du documen

020

b protection directe de I'enroulement rotorique; les méthodes de protection ne protégent

les
Une

ttention particuliere est portée a I'’échauffement du\fotor au démarrage, et surtout aprés un

elles

heres

artie
eule
t de

s et

IEC 60034-12:2016, Machines électriques tournantes — Partie 12: Caractéristiques
démarrage des moteurs triphasés a induction a cage a une seule vitesse

3

Termes et définitions

Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

de

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées

en

normalisation, consultables aux adresses suivantes:

IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
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3.1

protection thermique

protection des enroulements d’'une machine contre une température excessive résultant de
conditions de surcharge ou de perte de refroidissement

3.2

systéme de protection thermique

systeme destiné a la protection des enroulements d’une machine contre une température
excessive résultant de conditions de surcharge ou de perte de refroidissement au moyen de
protecteur(s) ou de détecteur(s) thermique(s)

3.3
détdcteur thermique
disppsitif isolé électriquement, sensible uniquement a la température et prévu pour.déclenther
une ffonction de commutation dans un systeme de protection lorsque sa température atteint un
nivepu prédéterminé

3.4
profecteur thermique
disppsitif isolé électriquement, sensible a la température de I'enroulement de la machine| qui
est parcouru par le courant de la machine, et prévu pour arréter difectement la machine lorgque
sa température atteint un niveau prédéterminé

Note|1 a l'article: Certains protecteurs thermiques sont sensibles a ja\fois a la température et au courant [de la
machline, la combinaison de ces deux paramétres active I'arrét direet,de’la machine.

3.5
surgharge thermique a évolution lente
condition de surcharge ou perte de refroidissement produisant un échauffement suffisamment
lent|pour que la température du protecteur.@u du détecteur thermique la suive sans rgtard
notable

3.6
surgharge thermique a évolution(rapide
condition de surcharge ou perte_de refroidissement produisant un échauffement trop rapide
poul que la température du protecteur ou du détecteur thermique la suive sans retard notable,
il en résulte un écart imporfant de température entre le dispositif thermique et I'organe a
protgeger

3.7
température maximale aprés déclenchement
valeur maximale-de température atteinte par I'organe protégé de la machine pendant la pérjode
qui guit le declenchement par le systéme de protection thermique

3.8
protectien-thermigque-direecte
mode de protection appliqué lorsque I'organe de la machine, auquel le ou les détecteurs ou
protecteurs thermiques sont incorporés, est I’organe bénéficiant de la protection

3.9

protection thermique indirecte

mode de protection appliqué lorsque I'organe de la machine, auquel le ou les détecteurs ou
protecteurs thermiques sont incorporés (par exemple, I'’enroulement statorique), n’est pas
I’organe bénéficiant de la protection (par exemple, enroulement rotorique)
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