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Foreword

The text of document 14/755/FDIS, future edition 1 of IEC 60076-14, prepared by IEC/TC 14 "Power
transformers" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN 60076-14:2013.

The following dates are fixed:
— latest date by which the document has to be implemented at (dop) 2014-07-21
national level by publication of an identical national

standard or by endorsement

— latest date by which the national standards conflicting with (dow)  2016-10-21
the document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Endorsement notice

The text of the International Standard IEC 60076-14:2013 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

IEC 60076-4 NOTE Harmonized in EN 60076-4.

IEC 60216-1 NOTE Harmonized as EN 60216-1.

IEC 60317 NOTE Harmonized in EN 60317 series.
IEC 60422 NOTE Harmonized as EN 60422.

IEC 60505 NOTE Harmonized as EN 60505.

IEC 60567 NOTE Harmonized as EN 60567.

IEC 60599 NOTE Harmonized as EN 60599.

IEC 60641-3 NOTE Harmonized in EN 60641-3 series.
IEC 60674-3 NOTE Harmonized in EN 60674-3 series.
IEC 60819-3 NOTE Harmonized in EN 60819-3 series.
IEC 60851-4 NOTE Harmonized as EN 60851-4.

IEC 60867 NOTE Harmonized as EN 60867.

IEC 60893-3 NOTE Harmonized in EN 60893-3 series.



IEC 60970

IEC 61039

IEC 61100

IEC 61203

IEC 61212-3

IEC 61629-1

NOTE

NOTE

NOTE

NOTE

NOTE

NOTE
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Harmonized as EN 60970.

Harmonized as EN 61039.

Harmonized as EN 61100.

Harmonized as EN 61203.

Harmonized in EN 61212-3 series.

Harmonized as EN 61629-1.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the

relevant EN/HD applies.

Publication
IEC 60076-1

IEC 60076-2

IEC 60076-5

IEC 60076-7

IEC 60076-16

IEC 60085

IEC 60137

IEC 60214-1

IEC 60296

IEC 60836

IEC 61099

IEC 61378-1

IEC 61378-2

Year

Title

Power transformers -
Part 1: General

Power transformers -
Part 2: Temperature rise for liquid-
immersed transformers

Power transformers -
Part 5: Ability to withstand short circuit

Power transformers -
Part 7: Loading guide for oil-immersed
power transformers

Power transformers -
Part 16: Transformers for wind turbines
applications

Electrical insulation - Thermal evaluation
and designation

Insulated bushings for alternating voltages
above 1 000 V

Tap-changers -
Part 1: Performance requirements and test
methods

Fluids for electrotechnical applications -
Unused mineral insulating oils for
transformers and switchgear

Specifications for unused silicone insulating
liquids for electrotechnical purposes

Insulating liquids - Specifications for
unused synthetic organic esters for
electrical purposes

Convertor transformers -
Part 1: Transformers for industrial
applications

Convertor transformers -
Part 2: Transformers for HYDC applications

EN/HD
EN 60076-1

EN 60076-2

EN 60076-5

EN 60076-16

EN 60085

EN 60137

EN 60214-1

EN 60296

EN 60836

EN 61099

EN 61378-1

EN 61378-2

Year



-2 - EVS-EN 60076-14:2013

CONTENTS

O T L @ ] I PN 5
LN I O 1 1 L@ 1 ] P 7
1 S T 0] o 1 PP 8
2 NOFMALIVE FEFEIENCES ..ot 8
3 Terms and definitioNs ... 9
4 INSUI ION SY S EMS ..o e 11
4.1 LT 1= = Y P 11

4.2 Winding insulation tyPes ... 12
4.2.1 GENEIAL .. 12

4.2.2 Summary of winding/system insulation types .............ccooiiiiinn. 13

4.2.3 Hybrid Winding types ..o 13

4.2.4 High-temperature insulation winding ..o 16

5  Temperature rise lMits ... .o e 17
5.1 LT a1 = PN 17

5.2 Thermally upgraded paper (TUP) ... 19

5.3 Cellulose used in ester lIqUId .........ooouiiiiiii e 19

6 Components and materials ... ..o e 19
6.1 LT 1= = P 19

6.2 Leads and Cables ... .o 19

7  Special design CoNSIdErations ........oouiiiiiiiiii e 20
7.1 Short-circuit CoNsSIderationS..... ..o 20

7.2 Dielectric requUIremMeEnts .. ..o 20

7.3 Temperature reqUIremMeNntS .. ... 20

7.4 L@ V7= 4 o - Yo P 22

8  Required information ... ... e 23
8.1 Information to be provided by the purchaser ...............cooiiiiiiiii i 23
8.1.1 Ambient temperatures and loading cycle........ccooooiiiiiiiiiiii, 23

8.1.2 Other unusual service conditions ........cc.ccoviiiiiiiiiii e, 23

8.2 Information to be provided by the manufacturer ... 23
8.2.1 Thermal characteristiCs........ovuiiiii e 23

8.2.2 CTUT= ] = o1 (=T PP 23

9 Rating plate and additional information ... 23
9.1 Rating Plate ..o 23

9.2 Transformer ManUal... ... 24

SO = Y= A =Y LU 1T =Y 0 =Y o £ P PPN 24
10.1 Routine, type and special tests ..o 24
10.2 Dissolved gas @nalySiS ... cc.u i 24
10.3 OD cooled compact transSformMers ..........oiuiiiiiii e 24
10.4 Evaluation of temperature-rise tests for windings with multiple hot-spots ......... 24
10.5 DieleCtric type 1SS oouuii 26

11 Supervision, diagnostics, and maintenance ..............ooeiiiiiiiiiiii 27
11.1 LT o1 = Y P 27
11.2 Transformers filled with mineral insulating Oil...............cooiiiiiiii i, 27
11.3 Transformers filled with high-temperature insulating liquids ........................... 27

Annex A (informative) Insulation materials ..o 28



EVS-EN 60076-14:2013 -3-

Annex B (informative) Rapid temperature increase and bubble generation........................... 35
Annex C (informative) Ester liquid and celluloSe ...........ovviiiiiiiiiii e 38
Annex D (normative) Insulation system coding...........cccoiiiiiiiiiiiiii 52
(27 oY [Te Yo T =T o] 1 VPPN 55
Figure 1 — Example of semi-hybrid insulation windings ............cooiiiiiiiiiii i, 14
Figure 2 — Example of a mixed hybrid insulation winding ............cc.cooiiiiiiiiii i, 15
Figure 3 — Example of full hybrid insulation Windings ... 16
Figure 4 — Example of high-temperature insulation system ..., 17
Figure 5 — Temperature gradient conductor to liquid .........cccooiiiiiiii e, 21
Figure 6 — Modified temperature diagram for windings with mixed hybrid insulation

3T (=T 1 1 PP PPUPRPR 26
Figure A.1 — Example of a thermal endurance graph..........cooooiiiiiiiii e 29
Figure B.1 — Bubble evolution temperature chart.............coooiiiii e, 36
Figure C.1 — Tensile strength ageing results of TUP in mineral oil and natural ester

o 1 PP 39
Figure C.2 — Composite tensile strength ageing results of TUP in mineral oil and

Natural ester lQUIA ... e e 40
Figure C.3 — DP ageing results of TUP in mineral oil and natural ester liquid ........................ 41
Figure C.4 — Composite DP ageing results of TUP in mineral oil and natural ester liquid....... 42
Figure C.5 — Tensile strength ageing results of kraft paper in mineral oil and natural

=53 €Y g 1o LU o P 42
Figure C.6 — Composite tensile strength ageing results of kraft paper in mineral oil and

Natural ester lIQUIA .. ..o e e 43
Figure C.7 — DP ageing results of kraft paper in mineral oil and natural ester liquid .............. 43
Figure C.8 — Composite DP ageing results of kraft paper in mineral oil and natural

L= = 1o LU o PN 44
Figure C.9 — Infrared spectra of kraft paper aged in liquid at 110 °C for 175 days................. 46
Figure C.10 — Unit life versus temperature of TUP ageing data (least squares fit)................. 48
Figure C.11 — Unit life versus temperature of kraft paper ageing data (least squares fit) ....... 48
Table 1 — Preferred insulation system thermal classes...........occooiiii i 12
Table 2 — Winding/system insulation CompariSON ...........cc.oiiiiiiiiiiiiie e 13
Table 3 — Maximum continuous temperature rise limits for transformers with hybrid

(LS TU] E= T a Lo g T3 V253 (=Y o 1 PP 18
Table 4 — Maximum continuous temperature rise limits for transformers with high-
temperature iNSUlation SYSIEMS.. ... i 19
Table 5 — Suggested maximum overload temperature limits for transformers with

YDA INSUIAtION SY S EMIS ... e 22
Table 6 — Suggested maximum overload temperature limits for transformers with high-
temperature iINSUlation SYS M S ... .o 22
Table A.1 — Typical properties of solid insulation materials ... 32
Table A.2 — Typical enamels for wire insulation ... 33
Table A.3 — Typical performance characteristics of unused insulating liquids ........................ 34
Table C.1 — Effect of moisture solubility limits on cellulose moisture reduction...................... 46

Table C.2 — Comparison of ageing resultS....... ..o 47



-4 - EVS-EN 60076-14:2013

Table C.3 — Maximum temperature rise for ester liquid/cellulose insulation systems ............. 49

Table C.4 — Suggested maximum overload temperature limits for ester liquid/cellulose
(LS TU] E= LA Lo g T3 V25 (=Y o 1 PP 49



EVS-EN 60076-14:2013 -7 -

INTRODUCTION

This part of IEC 60076 standardizes liquid-immersed transformers that use high-temperature
insulation. As a system, the solid insulation may encompass a broad range of materials with
varying degrees of thermal capability. The insulating and cooling liquids also vary
substantially, ranging from mineral oil to a number of liquids that also have a range of thermal
capability.

This international standard is not intended to stand alone, but rather builds on the information
and guidelines documented in other parts of the IEC 60076 series. Accordingly, this document
follows two guiding principles. The first principle is that liquid-immersed transformers are well
known and are well defined in other parts of this series and therefore, the details of these
transformers are not repeated in this international standard, except where reference has
value, or where repetition is considered appropriate for purposes of emphasis or comparison.

The second principle is that the materials used in normal liquid-immersed transformers,
typically kraft paper, pressboard, wood, mineral oil, paint and varnish, which operate within
temperature limits given in IEC 60076-2, are well known and are considered normal or
conventional. All other insulation materials, either solid or liquid that have a thermal capability
higher than the materials used in this well-known system of insulation materials are
considered high-temperature. Consequently, this standard or normal insulation system is
defined as the “conventional” insulation system for comparison purposes and these normal
thermal limits are presented for reference to illustrate the differences between other higher-
temperature systems.

This international standard addresses loading, overloading, testing and accessories in the
same manner. Only selected information for the “conventional” transformers is included for
comparison purposes or for emphasis. All other references are directed to the appropriate IEC
document.
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POWER TRANSFORMERS -

Part 14: Liquid-immersed power transformers
using high-temperature insulation materials

1 Scope

This part of IEC 60076 applies to liquid-immersed power transformers employing either high-
temperature insulation or combinations of high-temperature and conventional insulation,
operating at temperatures above conventional limits.

It is applicable to:

— power transformers in accordance with IEC 60076-1;

— convertor transformers according to IEC 61378 series;

— transformers for wind turbine applications in accordance with IEC 60076-16;
— arc furnace transformers;

— reactors in accordance with IEC 60076-6.

This part of IEC 60076 may be applicable as a reference for the use of high-temperature
insulation materials in other types of transformers and reactors.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60076-1, Power transformers — Part 1: General
IEC 60076-2, Power transformers — Part 2: Temperature rise
IEC 60076-5, Power transformers — Part 5: Ability to withstand short-circuit

IEC 60076-7, Power transformers — Part 7: Loading guide for oil-immersed power
transformers

IEC 60076-16, Power transformers — Part 16: Transformers for wind turbine applications
IEC 60085, Electrical insulation — Thermal evaluation and designation

IEC 60137, Insulated bushings for alternating voltages above 1 000 V

IEC 60214-1, Tap-changers — Part 1: Performance requirements and test methods

IEC 60296, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60836, Specifications for unused silicone insulating liquids for electrotechnical purposes
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IEC 61099, Specifications for unused synthetic organic esters for electrical purposes
IEC 61378-1, Convertor transformers — Part 1: Transformers for industrial applications

IEC 61378-2, Convertor transformers — Part 2: Transformers for HVDC applications

3 Terms and definitions

For the purposes of this document, the following terms and definitions, as well as those given
in IEC 60076-1 and IEC 60076-2 apply.

3.1
insulation system
system composed of solid insulating materials and an insulating liquid

3.2

temperature index

Tl

numerical value of the temperature in degrees Celsius derived from the thermal endurance
relationship at a time of 20 000 h (or other specified time)

[SOURCE: IEC 60050-212:2010, 212-12-11, modified — Notes 1 and 2 have been deleted]

3.3

thermal class

designation of Electrical Insulation Materials (EIM) or Electrical Insulation Systems (EIS)
equal to the numerical value of the maximum used temperature in degrees Celsius for which
the EIM/EIS is appropriate

Note 1 to entry: See IEC 60085.

3.4

conventional

modifier applied to temperature-rise limits, insulation materials or insulation systems
operating at temperature limits defined by IEC 60076-2

3.5

kraft paper

paper made almost entirely from pulp of high mechanical strength, manufactured from soft-
wood by the sulphate process

[SOURCE: IEC 60050-212:2010, 212-16-03]

3.6

thermally upgraded paper

TUP

cellulose-based paper which has been chemically modified to reduce the rate at which the
paper decomposes

Note 1 to entry: See IEC 60076-2 for the complete definition.

Note 2 to entry: This note applies to the French language only.

3.7

high-temperature

temperature rise limits and/or insulation materials applied in systems consisting of solid
materials and/or liquid, capable of operating at higher temperatures than conventional





